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Introduction

This position paper document explains best in lay terms, what deleterious materials and

sulphide minerals are about. Aggregates that contain these dangerous materials and

minerals have been used in the Construction Industry since the 1980s and are still being

used today in the manufacturing of concrete products in IRELAND. This will continue to be

the case, if our government doesn’t get a handle on this self-regulated industry. The

devastation caused by Mica, Pyrite, Pyrrhotite and other sulphides showing up from test

results in homes and properties in Donegal, Mayo and now other Counties, can only be

described as a natural disaster caused by greed. We are all led to believe in “good faith” that

what we buy will have some kind of guarantee, but that has sadly gone with the wind in this

horrendous man-made scandal.

It has become very apparent from laboratory result analysis, that concentrating only on

certain deleterious materials such as Free Muscovite Mica in Donegal and Reactive Pyrite in

Mayo, has become a fatal flaw in the testing process set down in the Irish Standard I.S. 465

2018+ A1:2020 protocols. The Statutory Instrument (S.I. 25) created by Government on their

Irish standard (I.S. 465) commonly known as the 90/10 defective concrete block grant

scheme and amended as the so-called Enhanced Scheme, is unethical, unworkable and will

give home owners no proper solutions on how to deal with this crisis. The 90/10 scheme

failed home owners and has been shown up for the fraud it was. The Enhance scheme is

worse than the 90/10 scheme and both are a complete fraud. My position paper document

will allow the reader to navigate, guide and explain everything that you didn’t know and

everything that you need to know about what is actually wrong with your homes and

properties due to this man-made scandal.

This document will educate and help the reader to understand the subject, even though we

still have no peer review study or proper peer literature on all Deleterious Materials and

Sulphide Minerals that cause catastrophic failure of concrete. We are still in the dark on this

subject and we have no proper solutions on how to fix this crisis and the only engineering

solution at present is full demolition, if you can get that option under I.S. 465 protocols.

There are cases in Connecticut USA, Massachusetts USA, Maurice in Quebec Canada and

Norway that have devastated homes, properties, construction and engineering projects, like

the major Rail project in Norway that had to be halted because of Pyrrhotite. Canada has

carried out some studies into this subject as a result of what happened in Maurice Quebec

and Norway created a submission paper on Pyrrhotite in concrete. Until there is a full study

completed into the whole subject “we are all in the dark” and will continue to be so until

someone in Government has the courage to establish and fully fund a peer review study in

collaboration with a top University.



This paper has all the reader needs to get an understanding of what has happened in this

man-made scandal to date. Page 1 introduces Independent Cllr Frank McBrearty Jnr. Pages 2

and 3 are this Introduction. A link at the top of page 4 takes the reader to the full appendix

of documents at page 20. Page 4 also covers the timeline from when this man-made scandal

first raised its ugly head in the early 2000s until the present day (2021). There are links

inserted from pages 5-19 that allow the reader to navigate and search for Documents while

reading. Contained in the links are Media coverage, videos and other information that will

help guide on a journey of education that will lead to knowledge and give the reader power

to understand this whole man-made crisis to date.



See attached Enhanced scheme, I.S. 465, Engineers Ireland Submission, Report of Expert 
Panel, S.I. 25 (90/10 scheme), Presentation Mica Redress Committee, Norway (Nordic 
submission 2018, on Pyrrhotite), Test Suite B Sulphide Attack Reports From Petrolab. 
(Click here to see Full Appendix Contents below)

The Irish Mica Scandal: Systemic Corruption in Local Government, 90/10 Scheme and 
Enhanced Scheme, Opinion by Cllr Frank McBrearty Jnr.

The History Of All Deleterious Materials And Sulphide Mineral Problems In 
County Donegal.

2005-2008: Homes and properties in Donegal showing structural problems.
2008-2013: Mica and Pyrite being associated with the structural problems in Co Donegal & 
Co Mayo. At the end of 2013 Mica Action Group (MAG) formed.  
2016: Expert Panel established by Fine Gael and Labour Party (FG/LB) Government to look 
into what was happening in Donegal & Mayo.
2018: National Standards Authority of Ireland (NASI) tasked by Government to create a new 
Irish Standard (I.S. 465).
2018: NSAI establish a Technical Committee to create the new Irish Standard (I.S. 465), Mr 
Denis McCarthy appointed as its Chairperson.
Oct 2018: New Irish Standards (I.S. 465) created.
May 2019: Minister Joe McHugh FG announces the Statutory Instrument S.I. 25 (90/10) 
defective concrete block grant scheme.
Oct 2019: Mica Action Group members, Ann Owens and Dr Eileen Doherty are invited to 
Pyrrhotite Conference in Connecticut USA and when they returned, their silence was 
deafening to say the least.
31st Jan 2020: Minister Joe McHugh FG announces the new 90/10 (S.I. 25) certain deleterious 
materials defective concrete block grant scheme for Donegal and Mayo.
June 2020: Donegal and Mayo County Councils start to take applications from affected 
Homes owners.
May 2021: Paddy Diver, a home and property owner, started the Boycott Cassidy's campaign. 
15th June 2021: 100% no less campaign formed by Paddy Diver and others held a rally in 
Dublin City.
15th June 2021: After the rally, Government formed a working group for home owners and 
appointed Paddy Diver, Ann Owens, Dr Eileen Doherty, and Michael Doherty PRO of the MAG 
to represent affected home owners in Donegal. Home owners from Mayo were also 
appointed to sit on this working group.
30th Sept 2021: Government working group handed in their paper to Government, which 
was followed by the home owner's position paper.
30th Nov 2021: Government published: Your Questions Answered, Defective Concrete Blocks 
Grant Scheme paper.
Home owners still in limbo? No Questions Answered. 



90/10 Defective Blocks Grant Scheme (S.I. 25).

Systemic corruption means instances of corrupt conduct (which, may or may not constitute
serious corruption) another definition (or endemic corruption) is corruption which is
primarily due to the weakness of an organization or process. I believe this definition
describes best what has happened in Donegal, Mayo and now other counties concerning all
deleterious materials and sulphide minerals showing up in concrete and concrete blocks that
are destroying homes and properties today.

In 2008 home owners in Donegal started complaining of structural problems with their
homes. No one at that time really understood what was happening to these homes and
some commentators described it as settling cracks, which we now know, is not the case.
Inishowen, in Co Donegal was the epicentre of this scandal and we were all led to believe
that this beautiful part of Donegal was the only place this was happening, far from it, as we
now know today. From 2008 up to 2014 this picture soon changed; it was like a wild gorse
fire that had now spread out of control to other parts of Donegal. Co Mayo also was showing
similar problems with their homes and properties, but not in the same percentage volumes
as Donegal and their problems were primarily reactive Pyrite that were showing up in
results.

In late 2013, the Mica Action Group (MAG) was formed with home owners taking the lead on
the task of lobbying Government for redress and these home owners were being advised by
a local Consultant Chartered engineer Damien McKay at that time (He was a member of NSAI
technical committee that created I.S 465 and then went on to create S.I 25 90/10 scheme for
Government). They lobbied politicians at local and National level seeking redress for what
was happening to their homes and properties. As a result of their lobbying, the then FG/LP
Government established the expert panel to investigate issues arising from the North West.
Their failures were not their effort, but their lack of qualifications, experience and
understanding of how to deal with what really was ahead of them in the fight for full redress
and as ordinary home owners they did not understand or realise the difficulties that lay
ahead? The biggest failure was not having proper experts to advise them on what was
causing the damage to their homes/properties. This failure has led us all to where we are
today. Not having the right legal representation and experts, such as Geologists, Competent
Consultant Chartered Engineers, Quantity Surveyors, Cost/Forensic Accountants etc. would
have given home and property owners the right advice. As they say in the Law Library,
“You’re a fool for a lawyer if you represent yourself”.



This expert panel began engaging with all the stake holders, which included Donegal County 
Council, local engineers, affected home owners, concrete federation of Ireland, politicians 
and many others named in their report. The panel's findings and recommendations went to 
Government in June 2017. This report was based solely on information supplied from 
effected homes owners and has been described by some professional commentators as a 
desk top study and in my opinion the most important aspect of this final report, is the 
recommendation for a full study, which has been ignored to date.

(Ref 1: Click here to see Expert Panel Report reference document in appendix below)

Professionals, such as Geologist Dr Robbie Goodhue of Trinity College and Consultant 
Chartered Engineer Dr Ambrose McCloskey, have stated publicly "there must be a peer 
reviewed study on this subject" as there is no proper peer literature on these problem/issues 
and until there is, we will not fully understand what is happening. Nor can we come up with 
the right solutions or advise properly as competent professionals what the right solutions 
and recommendations should be in order to have the right solutions for the overall 
recommendations for remediation to solve the problems these properties have. "We are in 
the dark" is how they described this. An Irish Solution to an Irish Problem is how best I would 
explain this cover up “ignore, until you can't ignore”.

Almost a year after the expert panel report was delivered to Government, the National
standard authority of Ireland (NSAI) was tasked to establish and create a new Irish standard
for defective concrete blocks in Ireland. A technical committee was formed and this work
began. In Oct 2018, the NSAI delivered a new Irish standard for defective concrete blocks and
certain deleterious materials, known today as I.S. 465 2018 + A1 2020. Why was this
necessary, is the big question that must be answered, either in the courts or a Public Inquiry
(Tribunal) whichever comes first.

(Ref 2: Click here to see IS 465 NSAI reference document in appendix below).

Government began the process in 2019 of creating a Statutory Instrument (S.I. 25) for homes
effected (not all properties) by defective concrete blocks manufactured by companies using
deleterious materials and Sulphide minerals from quarries in Donegal and Mayo, that have
caused so much damage to thousands of properties. In May 2019 the then Government
Minister Joe McHugh FG announced the redress scheme for affected homeowners. On the
31st of Jan 2020, a week before the Government announced a general election, the Statutory
Instrument S.I. 25 (90/10 Scheme) was signed into law. At that time, I think most of us were
happy to trust Government on what they delivered, if it had really been a true 90/10 scheme.
This changed dramatically over the first 18 months since the scheme was signed into Law as
a result of people who started to enter the redress scheme and cracks gradually started to
show  in the scheme as it got up and running, just like the homes in Donegal and Mayo.

(Ref 3: Click here to see S.I. 25 90/10 Scheme reference document in appendix below).



In June 2020, the 90/10 redress scheme for homes in Donegal and Mayo started taking 
applications from affected homes owners. Donegal County Council (DCC) and Mayo County 
Council (MCC) were appointed by Government to process/run the scheme and adjudicate on 
home owner's applications for grant remediation redress. This is when the scheme at an 
early stage started to show signs of flaws (as did our homes) resulting today in an 
unworkable scheme, which has failed home owners to date. Options 1-5 contained in the 
redress scheme, what effected home owners can qualify for. A competent engineer will 
supply to home owners, reports and recommendations under I.S. 465 protocols. The home 
owner then makes an application to DCC or MCC for redress through this application process 
(Engineer advises home owner what option they should apply for under the scheme). Option 
1 is full demolition and Option 2-5 is remedial works only and 2-5 is what this scheme was 
designed for in my opinion. Option 2 is part demolition (both outer and inner leafs) down to 
foundations on a phased basis and re-render. Option 3 both outer and internal leaves' down 
to top of raising wall on a phased basis and re-render. Option 4 outer leaf only down to top 
of rising wall on a phased basis and re-render. Option 5 demolish and rebuild outer leaf 
of affected walls only and re-render. What is my Grant assistance; Options 1. 275K, 2. 
220K, 3. 210K, 4. 75K and 5. 55K. In reality this scheme was only designed as a 60/40 one 
and has been described by Engineers Ireland as unethical and unworkable.

(Ref 4: Click here to see Engineers Ireland Submission reference document in appendix
below).

I.S. 465 and S.I. 25, is what Government created to deal with this problem and it has back 
fired on them. The question is, why would you create an Irish standard for defective concrete 
blocks on certain deleterious materials only, when we already had the following standards 
S.R. 16 2004, I.S. EN 12620:2002, EN 771-3:2003 EN 771-3:2011 and S.R. 16 2016. These 
standards were all in place before IS 465 was created in 2018 (What was the thinking on 
this). I believe this is down to the failure of Local and National Government to properly police 
a self-regulated concrete industry, that was already obligated to abide by EU and 
standards, not just Irish standards. Local Government did not establish proper building 
control nor have Market surveillance officers in place to police the industry to the 
highest EU and Irish standards. The planning authorities did not enforce or police planning 
conditions on Quarry owners and sites that were granted full planning permissions. 
These companies were allowed to manufacture defective concrete products for the sale to 
the open Market without proper checks and balances by the DCC, MCC and the planning 
authorities (186 Quarries in Donegal).

The failure of Government not to include all deleterious materials and sulphide minerals such
as Pyrrhotite, Minor Pyrite, Rare Pyrite, Chalcopyrite and Marcasite has been a scandalous
indictment on the culture that still exists in Local and National Government today. We were
all led to believe that the systemic corruption, exposed by the Mahon Tribunal would lead to
proper accountability, but sadly that hasn't happened. Mica is only part of the problem as
there is scientific proven results of Sulphides showing up in laboratories that are testing core
samples from homes in Donegal, in particular Petro lab in Cornwall, England. What testing is
required: test suite A, B, and C are carried out on your home or properties, and tested to the



highest standards. These results will show you exactly what is wrong with your concrete in 
your home/property. A chain of custody must be adhered to in this process, starting with 
your Engineer, Coring Contractor and Laboratory chosen by your Chartered Engineer. 
A competent engineer must be qualified and trained under I.S. 465 protocols and be on the 
list of engineers eligible for the SI 25 90/10 scheme.

I.S. 465 and S.I. 25, was very cleverly put together by its creators in order to hide the
sulphate attack by sulphide minerals such as Pyrrhotite. Words like certain deleterious
materials, Free Muscovite Mica and Reactive Pyrite in S.I. 25 and the exclusion of Pyrrhotite
and other Sulphides proves what the devil in the detail was really created for (see Sulphides
in the other standard documents available from Google and it is also mentioned in I.S 465
briefly).

(Ref 2.1: Click here to see the relevant section in IS 465 NSAI reference document in appendix
below).

Sulphate attack by minerals like Pyrrhotite in concrete can be seen all over the world and 
what damage they can do. This can especially be seen in what happened in Connecticut USA, 
Massachusetts USA, Maurice in Quebec, Canada to their foundations and Norway, re: Rail 
Tunnel infrastructure project being halted as a result of Pyrrhotite.

(Ref 5: Click here to see Norway (Nordic submission 2018, on Pyrrhotite) reference document
in appendix below).

As of today, there has been no full study established in Europe, USA or Ireland on these
damaging deleterious materials and sulphide minerals and as a result we are still in the dark,
when it comes to understanding the full extent of what can happen or what the solutions
are?

(Ref 6: Click here to see additional reference document Mica Redress Committee
Presentation in appendix below).

End.

(Ref 8: Click here to see additional reference document Frank Senior & Rosiland 
McBrearty Test Suite B Sulphide Attack Report From Petrolab in appendix below).

(Ref 9: Click here to see additional reference document Dermot & Brid (nee 
McConnell) Farrell Test Suite B Sulphide Attack Report From Petrolab in appendix below).



Enhanced Scheme 30th Nov 2021:

Your Questions Answered, Defective Concrete Blocks Grant Scheme 30th Nov 2021.

(Ref 7: Click here to see Your Questions Answered Defective Concrete Block Scheme
reference document in appendix below).

30th of Nov 2021, D Day has come and gone, Enhanced scheme?

The devil is certainly in the detail of this document, called “Your Questions Answered

Defective Concrete Block Scheme”. No Sulphide minerals or foundations mentioned, which is
not surprising to say the least and their silence has been deafening on this. The con job is
what I call this and in the con job it describes.

First Steps, pages 1-2:

You have to be registered with the residential tenancies board (RTB) by the 1st of Nov 
2021 subject to a maximum of one rental property and the introduction of a claw back 
mechanism upon re-sale within a set time period depending on the remediation option used.

At no 1 (b):

“(b) a rented dwelling with a Residential Tenancies Board (RTB) registered tenancy on 
November 1st 2021 subject to a maximum of one rental property per household and 
the introduction of a claw back mechanism upon re-sale within a set time 
period depending on the remediation option used.”

(Ref 7.1: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

Clarification is needed on what this really means and one rental property only is what it is
suggesting? Another Con Job.

At no 3 of the first paragraph at the bottom states:

“This Building Condition Assessment will be needed should you decide to submit an

application to the local authority”

(Ref 7.2: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

This has to be done by a qualified Engineer on the Engineers Ireland list and trained under
the unethical I.S. 465 protocols. The home owner should engage a qualified chartered
engineer from this list to carry out an inspection of your home, what will this cost? Score
card is the best way to describe this assessment and it has to be scored under an assessment
in accordance with the unethical Irish Standard I.S. 465, which only tests for free muscovite
Mica and reactive Pyrite. Depending on what your score card tells you, it will depend then
what this first assessment will recommend, but it has to get through the application process



by DCC. This is when the hurdle jumping will begin and if your home does not meet the 
damage threshold criteria at the time of first assessment, this will probably mean you will 
have to wait a number of years for further deteriorations/degradation of your home, before 
even getting on the scheme ladder. Homes seeking admission to the scheme will be required 
to meet a damage threshold? Damage threshold is necessary to ensure that the worst 
affected homes are prioritised for remediation. What this means, you will have to wait until 
your home is uninhabitable to be prioritised (can kicking exercise). E.g. If you're 55 you 
will have to wait until you're retired at the age of 66 and your house will have to be falling 
down around you? I believe this is the scenario we are all facing, if we try to enter the 
scheme when your home is still fit to live in, when tested.

At no 4:

“Grant scheme covers up to 100%”

(Ref 7.3: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

But what does their 100% actually really mean? This part talks about professional and project 
management fees, alternative accommodation costs, removal and storage for future use of 
house components and engineers report (I.S. 465 final report) including testing, sampling 
and recommendations. God only knows when your coring will begin in this so-called 
enhanced scheme and how many times you will have to go back to the well for assessment 
(will it be 1, 10 or even more years), in order to get on the new scheme? This is the definition 
for 100% (Completely, Entirely, Wholly) or (Complete, Entire, Whole). This document does 
not mean this, Definition: -My complete home will be rebuilt at no cost to me. My Entire 
home will be rebuilt at no cost to me. My Whole home will be rebuilt at no cost to me. This 
is what I call a true 100% grant scheme, with foundations included.

The smoking gun at no 5 and this is interesting to say the least:

“The housing agency will act as agents on behalf of the local authorities under the

enhanced scheme. Applications received by a local authority will be referred to the

housing agency to review the building condition assessment report and determine if

the home has met the damage threshold for entry to the scheme. Once a home has

met the damage threshold for entry to the scheme, the housing agency will arrange

the assessment, testing and categorisation process as required and recommend the

appropriate remediation option and grant amount.”

(Ref 7.4: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

What this means in a nutshell, Housing agency will have their own engineers and they will 
only use labs that test for free muscovite Mica and reactive Pyrite. The likes of Petro Lab in 
Cornwall, England, who do all the testing on your core samples (not like Irish labs), which 
includes a test suite A, B, and C, will no longer be required to conduct testing. This will mean 
homes in Donegal will not find out exactly what is wrong with their properties. Test suite C



tells you what percentage of Sulphides are in your property (Test suite B highlights an
abundance of Sulphides with a visual estimate) and when your property tests above 0.1% of
Pyrrhotite and other Sulphides, this means full demolition is your only option in the long
term. Government is deliberately delaying the inevitable by using this enhanced scheme for
their own political agenda as they did with the 90/10 scheme.

The Dwelling, pages 2-5:

The dwellings at no 6, has many questions for rental properties:

“A charge will be held on the property for a set period based on the remediation 
option approved and the grant funding provided. A maximum of one rental property 
per house hold is eligible for funding under the scheme.”

(Ref 7.5: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

This is another smoke screen "look we are letting one rental property in to the scheme" 
Government spin at its best. As for Vacant homes, what does that actually mean? More spin 
Doctoring by Government in 7, 8, 9 and 10? I think we already knew what they meant on 
this score card scheme. A charge on the property? Is this like a charge on a property that has 
a mortgage/loan on it and if so, does the Bank/lender take security over its lending by 
holding the deeds until loans are paid in full. No proper explanation, as usual.

(Ref 7.6: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

Now no 11, is Government spinning at its best:

“What happens if you inherit a house after the 31st Jan 2020? If you inherit the
dwelling after the 31st of Jan 2020, are they eligible to apply for the grant? The

dwelling must be an individual's principal private residence, and the individual must

intend, in good faith to reside in the dwelling as his/her principle private residence on

completion of the qualifying works to the dwelling.”

(Ref 7.7: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

What happens before the 31st Jan 2020 is the question and do you have to move out of your 
own home, that hasn't deleterious materials and Sulphide in it in order to avail of your right 
to enter the scheme? These are just some of the questions unanswered. The words "in Good 
faith" obviously are not understood by the creators of this so-called enhanced scheme.

At no 12, what happens if I buy a house after the 31st Jan 2020? Confusion and kicking the 
can down the road, is probably the best way to describe this.

(Ref 7.8: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).



At no 13:

“What proof will I have that the remedial work has been satisfactorily completed.

First paragraph: As a precondition to a final payment, a certification of remediation

will be required following completion of remedial works, signed by your contractor

and competent engineer, certifying that the qualifying works to the dwelling, which

were carried out and supervised by the contractor, and designed and inspected by the

competent engineer are compliant with the requirements of the building regulations”

(Ref 7.9: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

Planning? Now there is a serious legal issue arising on the building regulations and further on
in this document at No 26, which deals with: do you need planning?

(Ref 7.10: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

This needs to be explained in far greater detail. Building regulations today are far more 
rigorous than 20 years ago and due to this there is a higher cost in building a new home 
today, especially if you get full demolition in this unethical enhanced scheme. A second grant 
option for options 2-5 will be available? Where the block work left in a home after the 
first remediation subsequently proves defective in accordance with the I.S. 465 protocols. 
The second grant option would remain with the home and should help with future 
conveyance? So, if you get Option 1 (Full Demolition) and you build on top of your 
foundations that have Deleterious materials and Sulphide minerals in them, will you be 
able to come back to the well a second time or will it be dried up and that’s your own 
problem? No foundations in this unethical scheme.

This is where the real confusion starts in the above paragraph, which is deliberate. This I.S.
465 protocol is in direct contravention to other standards that have been in place since
2002/03/04 which have been amended in 2011, 2016 and 2020. The relevant standards
when blocks were manufactured before I.S. 465 was created in 2018 are (I.S. EN
12620:20002 and S.R. 16:2004). Aggregates that contain Pyrrhotite/Other Sulphides with a
Total Sulphide not exceeding >0.1%, should be ruled unsuitable for use. This has not
happened and that is a failure of Government, by not ensuring that a self-regulatory concrete
and quarry industry was being policed by local authorities. I.S. 465 is like a super villain in the
comic books, it has a cloak and shield called Government cover up, which still continues
today. There are now findings contained in reports from Petro Lab showing levels well above
the standards for Pyrrhotite and other Sulphide levels of >0.1%, that have been found in the
concrete tested in Donegal homes today, especially in their block work.



The Qualifying Works at no 15:

“What remedial works are available under this Grant scheme?  There are 5 remedial

options available under this grant scheme. The Maximum grant payable for each

remedial option is 100% of the Maximum approved cost, or 100% of the actual cost

of the qualifying works carried out, whichever is the lesser (see Table 1 below), as the

remedial works progress,  the homeowner will be eligible to apply for grant payments

in stages”

(Ref 7.11: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

Amount payable per remedial option: Option 1. 420K, 2. 220K, 3. 210K, 4. 75K, 5. 55K and all
costs are inclusive of VAT. These figures need to be seriously adjusted and challenged, to
include 100% with no cap. Some home owners are at a loss to understand these figures, lost
in translation is how I explain No 15.

The Qualifying Works, pages 6-9:

No 16 at page 7, “How will the cost per square foot be calculated?” No surprise, question 
marks are all over this document. The cost per square foot (psf) set by the Department of 
Housing, local Government and Heritage allows for 20K for rental and storage. This figure is 
another smoke screen created by clever senior civil servants and the use of 20K 
(rental & storage), which is deliberately being used to deflect from their table at no
16. Max Construction Grant and Total Grant: when you compare these 2 figures in these
boxes, it inflates what some people actually think they will receive. At this stage we don't 
even know how this 20K will work and we only seem to get this, if you have to leave your 
home when the construction process of your home deems necessary. This rental/storage 
Grant is for homes that get full demolition, but who will get full Demolition, as this scheme is 
designed for options 2-5 and I believe this enhanced scheme is designed for options 3, 4 & 5 
remediation. Only time will tell us this, as did time expose the failures of the 90/10 
scheme (S.I. 25). Option 1 (demolition and rebuild - seems to be gone?) Quote:

“The department has set a fair and reasonable cost per square foot, 
(Most professional commentators would disagree with this). Following further 
engagement with SCSI, an appropriate block work replacement (option 2-5) will 
be agreed and current caps under option 2-5 will rise as necessary”

(Ref 7.12: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

Current caps under Option 2-5 must be different to the cap for Option 1 or will there even be 
full demolition, maybe for a small few? "Questions Unanswered" is what this document 
should be called.



At no 17:

“What works do not qualify under this grant scheme? The following outlines a 
non-exhaustive list of items of non-qualifying works, which are outside the scope of 
this grant scheme.”

(Ref 7.13: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

I believe words like non-exhaustive are another insult to our intellect in Donegal and the 
victims in Donegal and Mayo are now exhausted with political waffle.

No 18:

“The I.S. 465 final report has revealed that the presence of deleterious materials and 
resulting damage to my dwelling has only occurred in an extension to my dwelling. 
What happens in this case?”

(Ref 7.14: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

Another question mark. Housing agency will recommend a remedial option that represents 
the appropriate works to remediate the dwelling. Really? Who will decide this? not an 
independent Chartered engineer if you go on what the dept. of housing say in this document.

At no 19:

“Are remedial works to my Garage allowable under the Grant? NO.”

(Ref 7.15: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

What if your Garage is part of your home? This is another unanswered Question.

At no 20:

“Can I apply for an SEAI grant for energy?”

(Ref 7.16: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

My understanding of this is that you can only apply for this on an existing dwelling that is of a
certain age and qualify for it under their guidelines set down in the grant specifications and
rules. That process has been difficult for some home owners across the entire country,
another question mark here?



At no 21:

“Does the grant scheme cover temporary accommodation and other costs (such as 
furniture storage) in the event that I have to move out when the works are on-going?“

(Ref 7.17: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

More question marks. A maximum 15K for rental and maximum of 5K for home content and
this is only if you have to move out, if you get Option 1 (Demolition) or Option 2 (Part
Demolition) from the scheme. There are many unanswered questions on the rental and
storage aspect that are not included? Questions unanswered.

At no 22:

“Can I recoup remedial works costs that I have already incurred prior to getting 
approval from the grant scheme? Generally NO.”

This goes back to what you are really entitled to in this scheme and its design by NSAI.
Quote:

“However, any costs associated with essential immediate repair works related to the

structural stability of any part of an affected home, which are recommended on foot

of an engineer's recommendation as part of the building condition assessment

process, will be an allowable cost, subject to a maximum expenditure  cap of 5K.”

(Ref 7.18: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

No engineer worth their salt or reputation will recommend what is in this document and the 
devil that will be in the detail of the final document, when this goes through the corridors of 
power, which will amend the statutory Instrument S.I. 25:2020. The failure of I.S. 465 and S.I. 
25 is shocking as they were designed for certain deleterious materials only. Again, why would 
you design something that is in contravention to existing standards that are far higher than 
I.S. 465 standards and protocols in the first place? A tribunal will certainly answer 
that question and hopefully the courts will, if a tribunal doesn't first.

General, page 10:

At no 23:

“Will I have to vacate my house while the work is being done?”

(Ref 7.19: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

Best way to describe this, more red type that home owner don't need or most don't 
understand.



At no 24:

“Am I liable for property tax for the period my dwelling has been affected? The

finance (LPT amendment) bill 2021 was signed into Law in July 2021 and provides for

a temporary (6 year) exemption from local property tax (LPT) for homes in counties

that have been damaged due to the use of defective concrete blocks in their

construction and are eligible for the defective concrete blocks grant scheme (who is

eligible?) subject to the homes being remediated.”

(Ref 7.20: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

The legal understanding of words like, exemption, eligible and remediated are hard for 
people to understand, especially when it is not explained properly, which is more red tape for 
many home owners. Well, that is the big white elephant in the room? Do you have to 
prove with documented evidence that your home is affected? What option qualifies (1-5) 
you for this exemption. Options 3-5 allows you to stay in your home, while being repaired, 
if that is the case, will you qualify for the exemption and these are just some of the 
unanswered questions that need answering.

At no 25:

“Can I appeal a decision? Yes.”

(Ref 7.21: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

I wouldn't like to depend on this Yes and I will explain why. The many grant schemes in this 
country that are availed of by citizens, can only be described as red tape at its best. Carer's 
allowance, disabled grants, older age grants, medical cards, primary care certs, SEAI grants, 
etc. is an example of how frustrating it can be for citizens to avail of what they are entitled 
to and it will be no different with this grant scheme. There are already many complaints and 
appeals before DCC with the 90/10 scheme and it will be no different with this so-called 
enhanced scheme, I believe.

At no 26:

“Do I require planning permission?”

(Ref 7.22: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

Legally, I believe you will need planning if you get option 1, which is full demolition? This 
should include foundations. An engineer worth their salt will advise this and ethically they 
should be advising this. With new building regulations changing all the time and being 
amended, this is where the fun begins for the Irish state legislator in Dail Eireann. The 
regulations signed into Law on the 1st July 2013 will make it impossible for people, who have 
been granted demolition to rebuild without new planning under the scheme and new



properties will have to stand up to the rigours of the guidance set down in the new
regulations. This will be a minefield and new legislation will have to be passed in my opinion
to allow home owners to rebuild like for like, but they will still have to abide by the new
building guidelines. This won't happen in my opinion, but we will have to wait and see? The
legal problems and the revision of planning laws to allow this to happen, will be mind
boggling for the smart legal eagles in the country, The Attorney General (AG) has his work cut
out for this shambles.

Further Considerations, page 11:

At no 27:

“Will the maximum grant rise/fall in line with inflation?”

(Ref 7.23: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

Well, if we look at inflation and the hike in Building materials today because of Brexit and 
inflation, people have been expecting the enhanced scheme would have come in with figures 
on the price per square foot on today's rising inflation and a realistic costing would have 
been considered, set and adjusted? In today's market that hasn't happened and I don't 
believe it will.

At no 28:

“Will holiday properties and other non-RTB registered rental properties be 
included? NO”

(Ref 7.24: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

I think we already knew this. I wish to touch on this briefly; all properties should be included 
in a full 100% grant scheme. What does 100% mean? Definition: Completely, Entirely, Wholly 
or Complete, Entire, Whole and this scheme is so far away from these definitions?

At no 29:

“What additional supports will be available for applicants? Local authorities will be

available to support people who need assistance in completing the application

process”

(Ref 7.25: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

Well, that hasn't worked out too good so far in the 90/10 grant scheme to date. Time will
only tell us how this will work out in the so-called enhanced scheme?



At no 30:

“Will those responsible for the manufacture of defective concrete blocks be legally
pursued?”

(Ref 7.26: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

This is the real smoking gun, if a Public Inquiry is not established; I don't believe the full truth 
will be exposed properly if a tribunal is not established. We might expose it in the courts, but 
time will only tell us that. Liability is a question that must be answered and are all the people 
responsible for this terrible scandal going to be held to account. Real accountability needs 
to include, Government, Local Government, Local Authorities, Government Depts. such as 
the Dept. of Housing, Dept. of Environment, Construction Federation of Ireland, Concrete 
Federation of Ireland, Banks, Insurance companies, Manufacturers, Quarries and the NSAI. All 
of these share a responsibility for what has been allowed to happen and the buck ultimately 
stops with the Irish Government at the top of the Pyramid and the Legislators that allowed a 
self-regulated industry to police itself. Local Authorities failure to enforce planning laws, 
Building Control and Market Surveillance of the industries is as bad as the Government's 
failure to safeguard property owners, Systemic Corruption is what I call this overall.

At no 31:

“What revenue raising options are being considered? A levy on the construction

industry will be put in place and introduced in the finance bill 2022.”

(Ref 7.27: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

Well, this will certainly lead to the industry lobbying Government, especially at a time when
inflation is at an all-time high. Will this tax increase lead to even higher prices in the concrete
and construction industries? Only time will tell.

At no 32:

“What actions are being taken to ensure this never happens again? The Government 
is establishing a new independent building standards regulator, a building industry 
register and tasking the NSAI masonry committee with a special review of concrete 
blocks standards including making recommendations on what improvement, if any, 
are required to prevent future problems.”

(Ref 7.28: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

What I don't seem to get here, why is the NSAI being appointed to look at concrete block
standards, when we already have proper EU standards (EN) (I.S. EN) and standard
recommendations (S.R.) going back many years, well before this unnecessary and unethical
IRISH STANDARD (I.S. 465:2018-A1+2020) was created. Standards such I.S. 12620:2002, S.R.



16:2004, EN 771-3:2003, EN 771-3:+2011, S.R. 16:+2016, I.S. EN 771-3:+2020 etc. Have 
been in place.

Standards, page 11:

At the bottom of page 11 of 11:

“I.S. 465:2018 - Assessment, testing and categorisations of damaged buildings

incorporating concrete blocks containing certain deleterious materials”

(Ref 7.29: Click here to see the relevant section in Your Questions Answered Defective
Concrete Block Scheme reference document in appendix below).

This standard was created solely for one purpose, to come up with a scheme for homes
destroyed by certain deleterious materials, but they forgot to add in all deleterious materials
and Sulphide Minerals. There has been no study done on this to date in the USA, Europe or
Ireland and until they do a peer review study, we will not fully understand this whole issue,
that has caused so much damage to date.

Overall Summary:

Scrap I.S. 465 and S.I. 25. Create a proper 100% scheme for all properties. Establish an 
Independent Public Inquiry (Tribunal). Prosecute all who are responsible for this scandal. 
Abolish self-regulations in all industries. Provide financial redress scheme for mental and 
physical health problems caused by this scandal. Amend the legal laws to allow for class 
actions in cases of this magnitude.

Signed By,

__________________________________

Cllr Frank McBrearty Jnr

Further Reading and Viewing

(Click here to view the Further Reading and Viewing page at the end of this document).

(Click here to return to the top of main report document).
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technical information supplied directly to it by homeowners and 
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(Click here to return to Ref 1 in main report document)

(Click here to return to Appendix Contents)



Contents 
 

 
 

Table of Contents 
 

Page 
 

Letter to the Minister 1 

 

Chapter 1 Introduction and Background 4 

 

Chapter 2 Consultation, Investigation and Nature of the  

Problem 9 

 

Chapter 3 Regulatory Requirements and Technical 

Specifications 47 

 

Chapter 4 Scale of the Problem 58 

 

Chapter 5 Technical Solutions 73 

 

Chapter 6 Conclusions and Recommendations 79 

 

Appendices  88 



Letter to the Minister 

1 

June 2017 

Mr. Damien English, T.D,  

Minister of Housing and Urban Renewal,  

Department of Housing, Planning, Community and Local Government, 

Custom House,  

Dublin 1,  

D01 W6X0. 

Report of Expert Panel on concrete blocks in counties Donegal and Mayo. 

Dear Minister,  

I submit herewith for you and your Government’s consideration the report of the Expert 

Panel established by your predecessor Mr. Paudie Coffey, T.D. in April 2016. 

The Expert Panel was established in the light of problems that emerged with concrete blocks 

used in certain dwellings in Counties Donegal and Mayo for the purpose of assisting the 

parties directly involved in their efforts to reach a satisfactory resolution to these matters. 

The Terms of Reference required the Expert Panel to identify the number of private 

dwellings affected, to establish the nature of the problem, to outline technical solutions and 

to submit a report to you as Minister.  The full Terms of Reference of the Expert Panel are 

shown in Chapter 1 of this report. 

My colleagues on the Expert Panel were: -  

• Mr. Noel Kane, BE,Dip Comp Eng, EurIng, CEng, FIEI, FIStructE, MIEAust, MACI,

RconEI, member of the National Standards Authority Of Ireland’s Concrete and

Eurocodes Consultative Committees and chair of their Masonry Panel and Eurocodes

Masonry Subcommittee;
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• Mr. Frank Lee, BE, FIEI, FConsEI and nominated by the Association of Consulting

Engineers of Ireland; and

• Mr. Dave Blaney, PGeo, EurGeol,BSc, MSc and Board member of the Institute of

Geologists of Ireland.

The Panel was assisted by the following staff from your Department, Mr Paris Beausang, 

Assistant Principal, Housing Advisers & Building Standards Section, who also acted as 

secretary to the Panel and by Mr. John Wickham, Technical Advisor, Housing Advisers & 

Building Standards Section. 

The Panel met on several occasions since their appointment and visited both Donegal and 

Mayo where they inspected a representative sample of the affected dwellings.  In both 

counties, the Panel met with the elected members and with the executive staff of the 

respective local authorities.  The Panel also facilitated meetings with TDs and Senators. 

As part of the consultation process, the Panel met with several stakeholders and groups who 

were in a position to contribute to the final report.  In particular, the Panel met with 

representatives from the Mica Action Group in Donegal and the Mayo Pyrite Group in Mayo. 

During our visits to Counties Donegal and Mayo, the Panel had the opportunity to see at first 

hand the difficulties being experienced by the affected home owners in these counties.  

Unfortunately, there are many families affected.  These persons are devastated by the 

manner in which their family homes have deteriorated since they were constructed.  The 

frustrations, trauma and distress of these people were clearly visible during our visits to their 

homes.  They have homes in which they made significant financial investments on behalf of 

their families but now find that their investments may be worthless.  The lives of these 

people have been seriously impacted both emotionally and financially and they find 

themselves in an unfortunate and difficult position and are seeking assistance from wherever 

possible to rectify their situations. 

While there are many dwellings affected, the problems appear to be largely confined to the 

Inishowen and Letterkenny areas in County Donegal and the north western area of County 

Mayo.  The dwellings impacted are within estates, one off rural types and a mix of contract 

and self-build. 
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On behalf of the Panel, I wish to thank most sincerely the individuals and families who 

allowed us access to their homes to see at first hand the problems.  They extended the 

greatest respect and hospitality to us.  I also wish to thank the elected members and officials 

of both local authorities and the TDs and Senators for their support and information 

gathering for the assistance of the Panel.  Additionally, I wish to thank the members of the 

Mica Action group in County Donegal and the Mayo Pyrite Group in County Mayo for 

meeting with us and assisting us in our travels to the various affected homes.  Finally, I wish 

to thank the various stakeholders who met with, and assisted the, Panel in the provision of 

appropriate information to formulate this report. 

 

I wish to acknowledge the input and work of my fellow members of the Expert Panel for their 

time and expert advice and cooperation at all times and for making themselves available at 

short notice for many meetings.  I also wish to acknowledge the assistance of the staff of 

your Department, particularly Mr. Paris Beausang and Mr. John Wickham who were a 

constant support to the Panel. 

 

This report has put forward a number of technical solutions for the problems encountered in 

Donegal and Mayo.  I trust that you will find the report helpful and that it will assist the 

Government in dealing with an issue that is hugely difficult for the homeowners affected. 

 

The affected homeowners in both Donegal and Mayo have endured a harrowing experience 

with their respective issues.  It is imperative that the relevant standards, controls and 

procedures are followed to ensure that there is not a recurrence of this or similar issues in 

house construction.  In this context, the Panel recommend that existing building controls are 

fully enforced for all house building to give confidence to individual homeowners that their 

significant investment is not wasted. 

 

Yours sincerely,  

 
Denis McCarthy,  

Chairperson of the Expert Panel 

 



Chapter 1 Introduction and Background 
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1.0 Introduction 
The emergence of dwellings exhibiting structural distress manifesting as a particular pattern 

of external wall cracks first became public knowledge in 2013 and was subsequently raised 

with the Department of the Environment, Community and Local Government shortly before 

the end of 2013.  In the case of Donegal, media reports and political representations 

suggested that the nature of the problem related to the crumbling of the concrete blockwork 

in the external walls thereby compromising the structural integrity of the affected dwellings 

and giving rise to considerable personal upset and worry among the many homeowners 

involved.  At that time, several hundred homes were suspected to be exhibiting structural 

distress in north Donegal.  The presence of muscovite mica in abundant quantities in the 

aggregate constituent of the concrete blocks was suggested as being one of the main 

factors contributing to the deterioration of the concrete blocks. 

 

In late 2013, similar problems also came to light in both public and private dwellings located 

in west Mayo.  Mayo County Council submitted a report to the Department on problems that 

had been identified with the concrete blockwork in two of their social housing estates 

comprising of some 9 dwellings and 6 dwellings respectively.  In this instance, the presence 

of pyrite in the aggregate constituent of the concrete block was suggested as being one of 

the main factors contributing to the deterioration of the concrete blocks.  In addition, a 

political representation on behalf of the owners of 10 private homes was also received in the 

Department which reported the emergence of similar problems among private households 

located on the Belmullet peninsula.  In mid-2014, the Council further advised the Department 

that a third social housing estate comprising a pair of semi-detached dwellings was similarly 

affected. 

 

Over the course of 2014 and 2015, political representations, parliamentary questions, media 

reports and letters from affected homeowners continued to be received in the Department 

illustrating the increasing scale of the problems emerging in the two counties, the 

progressive nature of the external wall cracking and the resultant structural distress in the 

affected properties.  Meetings were held with representatives from both the Mayo Pyrite 

Group and with representatives from the Mica Action Group in Donegal during 2014. 

 

In early 2015, Mr. Paudie Coffey, T.D., then Minister of State at the Department of the 

Environment, Community and Local Government, visited a number of affected homeowners
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in County Donegal to acknowledge the extremely difficult and distressing situations they 

were facing and to witness first-hand the damage to their homes.  Following the Minister of 

State’s visit, a number of technical reports, from consulting engineers and testing 

laboratories respectively, were provided by representatives from the Mica Action Group to 

better inform the Department’s understanding of the problems facing their members and 

many other homeowners in the county with regard to the symptoms of structural distress 

manifesting as a particular pattern of external wall cracks in their homes. 

 

Against this background and from the information available at that time, an internal report 

was prepared within the Department to provide an overview of the problems in Counties 

Donegal and Mayo together with a number of options for the Minister of State’s 

consideration. 

 

 

1.1 The regions affected 
The problems that have emerged in the affected properties appear to be largely confined to 

specific regions within each of the two counties concerned.  In the case of County Donegal, 

the affected dwellings appear to be located principally in the Inishowen Municipal District 

although a smaller number of properties are similarly affected in the Letterkenny Municipal 

District.  It is reported that problems have manifested in dwellings built as far back as 1984 

and in buildings constructed up to 2011 although the period between 1999 and 2008 

appears to be when most of the affected properties were completed. 

 

In County Mayo, the problems appear to be largely concentrated in the northern parts of the 

Ballina and the West Mayo Municipal Districts.  The affected dwellings are reported to have 

been constructed between 1998 and 2008 although the largest concentrations appear to 

have been completed within the 2000 to 2006 period. 

 

The problems do not appear to be confined to particular property types, as dwellings in both 

large and small-scale housing developments located in towns and villages across the two 

counties seem to have been affected.  A large number of one-off rural dwellings also appear 

to be affected in the locations specified in both counties.  There is also evidence to suggest 

that an extension to a school in County Donegal may be exhibiting structural distress 

manifesting as a particular pattern of external wall cracks similar to affected homes. 
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Figure 1.1 illustrates the affected Municipal Districts in Counties Donegal and Mayo. 

 

Figure 1.1 Affected Municipal Districts in Counties Donegal and Mayo 

 

 

 

1.2  Expert Panel on Concrete Blocks 
1.2.1 Terms of Reference 
In late November 2015, the Minister of State announced his intention to establish an Expert 

Panel to investigate the problems emerging in the concrete blockwork of certain dwellings in 

Counties Donegal and Mayo with a view to providing some assistance to the parties directly 
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involved in their efforts to reach a satisfactory resolution to their difficulties.  Accompanying 

the Minister of State’s announcement were the terms of reference and an outline structure of 

the Expert Panel. 

 

In light of the highly technical nature of the emerging problems in Counties Donegal and 

Mayo, a range of specific technical skillsets were considered to be essential to the 

membership of the Expert Panel.  In this context, the Expert Panel would comprise a 

chartered engineer with a particular expertise in building defects analysis, a geologist with an 

expertise in the practical assessment of geological resources, aggregates and their 

suitability for particular end-use applications, an expert on the current standards applicable 

in the manufacture of aggregates, concrete products, cements and masonry products and a 

chairperson with a senior public sector experience and a strong technical background. 

 

The Terms of Reference announced by the Minister of State were: -  

 

In light of the problems that have emerged with the concrete blocks used in certain dwellings 

in Donegal and in Mayo and for the purpose of assisting the parties directly involved in 

reaching a satisfactory resolution to these matters, it is proposed to establish an expert 

group with the following terms of reference: -  

 

(i) to identify, insofar as it is possible, the numbers of private dwellings which appear to 

be affected by defects in the blockwork in the Counties of Donegal and Mayo;  

 
(ii) to carry out a desktop study, which would include a consultation process with affected 

homeowners, public representatives, local authorities, product manufacturers, building 

professionals, testing laboratories, industry stakeholders and other relevant parties, to 

establish the nature of the problem in the affected dwellings;  

 

(iii) to outline a range of technical options for remediation and the means by which those 

technical options could be applied by the affected homeowners in a manner that 

delivers cost effective and satisfactory outcomes for those homeowners; and  

 
(iv) To submit a report to the Minister of State by 31 May 20161. 

                                                            
1 The formal arrangements to establish the Expert Panel did not conclude until April 2016 and, having regard to 
the complexities of the problems in the two counties, the deadline for submission of the report to the Minister of 
State was revised to end January 2017. 
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Arrangements were put in place to identify and appoint a chairperson with the necessary mix 

of skills and experience required to direct and manage the work of the Expert Panel over the 

duration of its investigations and to facilitate the delivery of a comprehensive report to the 

Minister of State on completion of their research. 

 

1.2.2 Membership of the Panel 
The chairperson of the Expert Panel was announced in late January 2016; nominations to 

participate on the Expert Panel were sought thereafter from Engineers Ireland, the National 

Standards Authority of Ireland and the Institute of Geologists of Ireland.  The full composition 

of the Expert Panel is: -  

 

 Mr. Denis McCarthy, a civil engineer and former Director of Services and Acting 

County Manager with Waterford County Council.  Chairperson of the Expert Panel;  

 

 Mr. Noel Kane, BE, Dip Comp Eng, EurIng, CEng, FIEI, FIStructE, MIEAust, MACI, 

RconEI, member of the National Standards Authority of Ireland’s Concrete and 

Eurocodes Consultative Committees and the chair of their Masonry Panel and 

Eurocodes Masonry Subcommittee;  

 

 Mr. Frank Lee, BE, CEng, FIEI, FConsEI nominated by the Association of Consulting 

Engineers of Ireland; and  

 
 Mr. Dave Blaney, P.Geo, EurGeol, B.Sc., M.Sc. and Board member of the Institute of 

Geologists of Ireland. 

 

Technical and administrative support was provided to the Expert Panel by officials from the 

Department of Housing, Planning, Community and Local Government (formerly the 

Department of the Environment, Community and Local Government). 

 

The Expert Panel was formally announced in early April 2016 and held its inaugural meeting 

on 15 April 2016. 



Chapter 2 Consultation, Investigation and 
Nature of the Problem 
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2.0 Introduction 
In response to the Terms of Reference: -  

 

“(ii) To carry out a desktop study, which would include a consultation process with affected 

homeowners, public representatives, local authorities, product manufacturers, building 

professionals, testing laboratories, industry stakeholders and other relevant parties, to 

establish the nature of the problem in the affected dwellings”,  

 

this chapter discusses the findings of the Panel’s desktop study and consultation with 

stakeholders. 

 

While the Panel endeavoured to determine the nature of the problem, it should be noted that 

it was not within the Panel’s remit to apportion blame for the cause of the building defects 

and the determination of civil liability is ultimately a matter for the courts. 

 

 

2.1 Consultation 
The Panel undertook an extensive stakeholder consultation exercise. 

 

Over the course of the consultation process, the Panel met on twelve separate occasions 

and a similar number of meetings took place with key stakeholders, including affected 

homeowners, the elected members of Donegal and Mayo County Councils, local authority 

officials, industry bodies, academics, public representatives and other interested parties.  In 

addition, the Panel visited 9 private households across different locations within the 

Letterkenny and Inishowen areas of County Donegal to view first-hand the damage to their 

homes and to hear of their experience of how the problems emerged and progressed over 

the years.  Equally, the Panel visited 14 homes within the Ballina and Belmullet regions in 

Mayo in order to gain an important insight into the similar-type problems facing many 

homeowners in County Mayo. 

 

A substantial volume of information was provided by affected homeowners in both counties, 

as well as from Donegal and Mayo County Councils; additional information was also 

provided through the extensive consultation process undertaken by the Panel.  In this 



 
 

 

 
10 

regard, information on dwellings exhibiting structural distress manifesting primarily as a 

particular pattern of external wall cracks were collated from various sources including: -  

 

 home owners/ home owner representatives;  

 

 public representatives;  

 

 local authorities;  

 

 house guarantee providers;  

 

 builders; and  

 

 stakeholders. 

 

Appendix 1 lists the persons / organisations who met with the Panel over the course of its 

investigations and consultations. 

 

 

2.2 Investigation 

For the purposes of establishing the nature of the problem, the consultations outlined in 

paragraph 2.1 enabled the Panel to form a general profile of the: -  

 

 local geological setting;  

 

 local climatic and exposure conditions;  

 

 type of construction;  

 

 builder type;  

 

 year(s) of construction;  

 

 manifest nature of the defect; and  
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 timeframe for problems to be first noticed.

The Panel accepted at face value the identification of private houses exhibiting structural 

distress primarily manifesting as a particular pattern of external wall cracks from the affected 

homeowners and other informed sources. 

In addition, the Panel conducted an evaluation of all associated technical reports and other 

supporting information received.  It should be noted that it was not in the Panel’s remit to 

commission testing to verify the cause of the defects claimed in these reports.  

2.2.1 Geological setting 
For the purposes of this report, the geology has been simplified and can be described as 

three principal rock types: -  

 the metamorphic rocks, which are dominated by phylites, psammites, quartzites,

marbles and metadolerites of the Dalradian Supergroup aged between 700 - 600 million

years old;

 large igneous bodies (dominantly granites and granodiorites) that were intruded during

the Caledonian Orogeny and are approximately 415 million years old; and

 the younger sedimentary rocks, dominated by limestones and sandstones that

unconformably overly the Dalradian to the south of the county and are Carboniferous

aged, approximately 359 - 343 million years old.

2.2.1.1 The geological setting of County Donegal 
Due to a complex structural history, involving at least three orogenic events, the geology of 

County Donegal is extremely complicated and is a world renowned destination for structural 

geologists.  The complexity is due to the repeated deformation and metamorphism by the 

orogenic, mountain building, events - namely the Grampian, Caledonian and Variscan 

Orogeny's. 

The oldest rocks found in mainland Donegal are the Dalradian aged sequence of 

metamorphic rocks that were deposited in a marine environment and consist of limestones, 

sandstones and mudstones.  Metamorphism, due to deep burial with associated crustal 
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stresses, led to extremes of pressure and temperature resulting in the alteration of the 

sedimentary rocks to form schists, pelites, psammites, quartzites and marbles.  The 

individual geological formations of the Dalradian are sequences of sedimentary beds that 

have been formed over a discrete period of time in similar depositional conditions.  They are 

often locally heterogeneous and can consist of interdigitating beds of schist, pelite, psammite 

and marble in varying proportions.  The variability in associated (but lithologically different) 

sediment types impacts upon their physical characteristics, e.g. grain size, strength, 

mineralogy, resistance to chemical / physical weathering etc. 

 

A period of volcanism occurred during the late Precambrian / Cambrian, which resulted in 

the intrusion of mafic sills and dykes across Donegal.  These intrusives were 

metamorphosed, folded and faulted and are now dominantly metadolerite with minor basalt 

and gabbro.  Some of these intrusive bodies are extremely thick (i.e. greater than 200 

metres) and have been historically quarried for aggregates. 

 

The granitic intrusive bodies formed deep within the earth's crust and differences in rock 

type reflect the varied composition of the magma melts.  They are dominantly located in the 

west and north west of the county, with minor intrusions found to the north of the Fanad and 

Rosgill peninsulas. 

 

The younger Carboniferous rocks are concentrated to the south of the county in the region 

around Donegal Bay, centred on Donegal Town.  The Carboniferous rocks are dominated by 

limestones and sandstones that unconformably overlay the Dalradian metasediments and 

are un-metamorphosed. 

 

A simplified geological map for County Donegal is presented in Figure 2.1 overleaf. 
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Figure 2.1 Simplified Geology of County Donegal 

 

Courtesy: Geological Survey of Ireland, 2017 

 

2.2.1.2 The geological setting of County Mayo 
The geology of north Mayo has many similarities to Donegal.  There are very old, basement 

rocks with a complex deformational and metamorphic history, unconformably overlain by 

much younger relatively undeformed Carboniferous limestones and sandstones. 

 

The oldest rocks in Mayo are granitic gneiss and psammitic to semi-pelitic schists of the 

Erris Complex that outcrop to the west and northwest of the county.  The Erris Complex is 

faulted against the younger rocks of the Dalradian Supergroup.  The Dalradian rocks of north 

Mayo are very similar to Donegal, consisting of an interdigitating sequence of quartzite, 

psammites, mica schists, phylites, pelites, semi-pelites and carbonates (limestones and 

marbles). 

 



14 

Devonian aged Old Red Sandstone (ORS) facies unconformably overlie or are faulted 

against the Dalradian.  They consist of conglomerates, coarse sandstones and siltstones 

that were deposited in a continental environment and are dominated by fluvial and lacustrine 

sediments. 

The oldest Carboniferous formation is dominated by sandstones that unconformably overly 

the Dalradian and Devonian ORS.  They are dominated by pale grey medium to fine grained, 

sandstones with a calcareous matrix and minor limestone interbeds.  The Carboniferous 

Limestone conformably overlies the sandstones and outcrops in northeast of the county.  

This formation, the Ballina Limestone Formation, can be subdivided into lower and upper 

successions based upon that mapping of coastal exposures. 

The Lower Ballina Limestone is 130 – 200 metres thick and consists of a fine grained, black, 

homogenous, argillaceous limestone, with dark grey / black shale bands, fine bioclastic 

debris and scattered blebs of pyrite. 

The Upper Ballina Limestone Formation is estimated to be greater than 600 metres thick and 

consists of dark grey, fossiliferous limestones with shaley partings (up to 10 cm thick), it is 

recorded as having significantly less shale than the Lower succession. 

A simplified geological map is presented as Figure 2.2 overleaf. 
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Figure 2.2 Simplified Geology of County Mayo 

 

Courtesy: Geological Survey of Ireland, 2017 

 

2.2.2 Quarrying Activity in County Donegal 
The Donegal County Council Quarry Register lists 186 quarries, of which 111 are registered 

and 75 are unregistered.  Many of these quarries are historic and are no longer in operation.  

The Geological Survey of Ireland published a report on Aggregate Potential Mapping (APM) 

in Donegal that listed quarries actively producing aggregates in the county in 2002.  This 

period would be particularly applicable to the subject matter of this report. 

 

The 2002 report on Aggregate Potential Mapping lists a total of twenty quarries  operating in 

the county, of these six were producing from young Carboniferous aged limestones located 

in the extreme south around Donegal Town, Ballyshannon and Bundoran.  A total of fourteen 

quarries were listed as producing from Dalradian aged metasediments, of which three were 

working quartzites; three were working altered carbonates (i.e. limestones and marbles with 

minor shale / schist); two were producing from basic intrusive bodies that consist of 
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metadolerite, basalt, dolerite and gabbro and six were producing from altered / 

metamorphosed, fine grained sedimentary rocks, pelite, semi-pelite, slate, schist, phylite and 

psammite.  The mineralogy of the metamorphosed sedimentary rocks is likely to consist of 

varying proportions of quartz / feldspar / mica with a minor component including 

ferromagnesian minerals (e.g. olivine, pyroxene), clay minerals, amphibole and hornblende.  

The Geological Survey of Ireland database lists just five active quarries producing crushed 

rock aggregates in Donegal in 2014. 

2.2.3 Quarrying Activity in County Mayo 
A detailed study on Aggregate Potential Mapping and report has not been carried out for 

County Mayo.  However, the 2014 update of the Geological Survey of Ireland’s quarry 

database lists six operating quarries in County Mayo.  Of these, one is a sand and gravel 

operation and the remaining five are producing crushed rock aggregates, all from limestone 

formations.  The Geological Survey of Ireland state that the Quarry Database is compiled 

using data volunteered by the quarries who have responded to a request for information and 

there is the possibility of active quarrying operations that are not recorded on this database. 

2.2.4 Aggregate Potential Mapping 
The Geological Survey of Ireland has carried out a programme of Aggregate Potential 

Mapping for the entire country.  The methodology, designed by the Geological Survey of 

Ireland in consultation with industry and experts from the quarrying sector, has produced a 

system for classifying crushed rock aggregate resources.  A Geographical Information 

System (GIS) mapping system has been produced and is based upon scores related to 

geological, geographical, market and social factors.  A score from 1 to 10 was assigned to 

each of seven factors: -  

 Rock Type Suitability (2.8)

 Deleterious Substances (0.7)

 Number of Quarries (1.2)

 Area (0.5)

 Overburden Thickness (2.0)
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 Elevation (0.8) 

 

 Markets (1.2) 

 

The seven factors were then weighted by a multiplication factor (in brackets) and a final 

score was obtained giving a score ranging from 5 to 100.  A series of maps have been 

produced on county-by-county basis and these are merged to form a country-wide dataset. 

 

2.2.4.1 Aggregate Potential Mapping – County Donegal 
The County Donegal Aggregate Potential Map for crushed rock aggregate production 

(Figure 2.3 refers) shows a number of interesting features.  The map can be simplified into 

areas that are purple / blue = low / very low potential and oranges and yellows = high / very 

high potential.  This scoring system has rated two rock formations as having the highest 

potential for crushed rock aggregates.  In the east / northeast (Inishowen, Fanad, Raphoe) 

and northwest (Rosgill, Gweedore) two coherent regions of high to very high potential are 

defined, located in areas underlain by Dalradian Metasediments.  In the south (Donegal 

Town, Bundoran), a coherent area of generally very high potential is in a region underlain by 

Carboniferous limestones. 

 

  



 
 

 

 
18 

 

Figure 2.3 Crushed Rock Aggregate Potential Map of County Donegal 

 

Courtesy: Geological Survey of Ireland, 2017 

 

2.2.4.2 Aggregate Potential Mapping – County Mayo 
From the County Mayo Crushed Rock Aggregate Potential Map (Figure 2.4 refers), it can be 

clearly seen that the highest potential regions are located to the south of the county.  This is 

dominated by areas underlain by Carboniferous Limestones to the east and northeast of 

Lough Mask and a region of weakly metamorphosed Ordovician sediments to the west of 

Lough Mask and south of Clew Bay.  The north of the county is not so well endowed with 

potential high quality aggregate resources.  The large region of very low potential to the 

northwest is mainly underlain by Carboniferous sandstones that grade into Dalradian 

metasediments to the west.  Interestingly, the Dalradian in this area is rated as having a low 

to very low potential, this may be due in part to the lack infrastructure and remoteness from 

market, rather than unsuitability of the rock types.  In the north of the county a spotty area of 

high to very high potential is located in the Ballina / Killala / east Lough Conn region.  This is 

the approximate subcrop of the Upper Ballina Limestone, it should be noted that the 



 
 

 

 
19 

potential decreases to the west and east where the Lower Ballina Limestone is outcropping 

and makes much less attractive target. 

 

Figure 2.4 Crushed Rock Aggregate Potential Map of County Mayo 

 

Courtesy: Geological Survey of Ireland, 2017 

 

2.2.5 Deleterious materials 
Deleterious materials, chemicals and characteristics related to aggregate type and sources 

have an effect on concrete strength and durability.  Reference should be made to the 

harmonised European product standards (commonly referred to as hENs) for the 

assessment of aggregates and the associated Standard Recommendations and relevant 

Codes of Practice which provide national guidance for their use in construction products and 

works in Ireland.  The following not exhaustive list describes the most common deleterious 

materials and their effect on concrete, which include: -  
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2.2.5.1 Sulfates 

Interaction between sulfate and cement paste causes the generation of the mineral ettringite 

through the interaction of tricalcium aluminate and gypsum.  This causes extensive cracking, 

expansion, loss of bond integrity between the cement paste / aggregate particles and the 

alteration of the cement paste composition.  In wet / saturated, low temperature conditions 

(<15oC) a carbonate / sulfate interaction known as thaumasite attack occurs.  Thaumasite 

replaces the cement paste causing the concrete surface to soften and eventually 

disintegrate;  

 

2.2.5.2 Sulfides 

Sulfide minerals, in particular iron sulfides such as pyrite and the much more reactive 

marcasite or pyrrhotite, can have a considerable effect upon concrete strength.  In-situ 

oxidation, disintegration and dissolution of iron sulfides weakens the aggregate strength.  

The chemical reaction between oxidising pyrite and calcite causes the formation of 

secondary gypsum with an associated volume increase (greater than twice the volume of the 

original iron sulfide mineral).  In addition, the oxidation of iron sulfide can produce sulfuric 

acid, which attacks the cement paste (i.e. Mundic Decay);  

 

2.2.5.3 Chlorides 

The presence of chloride ions have the effect of increasing shrinkage and reducing sulfate 

resistance;  

 

2.2.5.4 Organic Matter 
Organic material such as humus or humic fluvo acids causes delays to the setting and 

hardening of concrete.  Coal and wood are also undesirable components;  

 

2.2.5.5 Clays / Aggregate Coatings 
The presence of clay and very fine grained material can form an adherent coating that is 

cemented strongly or weakly to the surfaces of the aggregate particles, interfering with the 

cement paste / aggregate bond and weakening concrete strength;  

 

2.2.5.6 Expanding Clays 

Clay minerals from the montmorillonite group (e.g. nontronite, saponite etc...), which expand 

in the presence of water, are undesirable.  Volumetric instability associated with expansion 

and contraction can cause a rapid deterioration of concrete strength.  Montmorillonite can 
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affect water absorption and concrete flow rates and also causes accelerated setting times by 

preventing the decomposition of gypsum in the cement paste due to the release of calcium 

ions;  

 

2.2.5.7 Flaky or Elongate Particles 
Phylite, shale, slate and micas have been found to decrease workability due to their high 

specific surface area and flake like structure.  This increases the water demand of the 

concrete mix resulting in decreased compressive strengths.  Mica particles resist the natural 

flow of a plastic or liquid material like fresh concrete and increased mica content has also 

been found to reduce freeze-thaw resistance.  Mica crystals have a low compressive and 

flexural strength, absorptive characteristics and bond poorly with cement paste.  Mica also 

has a tendency to split along cleavage planes, fan out along particle edges and act in a 

hydrophilic manner;  

 

2.2.5.8 Reactive Silica 
Silica in the form of opal, chalcedony or obsidian can react with alkali hydroxide in the 

cement paste to form a gel.  The gel collects in voids within the concrete and swells in 

contact with water.  This is known as the Alkali Silica Reaction (ASR)2;  

 

2.2.5.9 Reactive Dolomite 
Certain dolomitic rocks facilitate the breakdown of dolomite crystals.  The dolomite 

subsequently recrystallises to form brucite causing considerable expansion.  This is a 

relatively rare phenomenon. 

 

 

2.3 Climatic and exposure conditions 
Some homeowners to whom the Panel spoke indicated that cracking had started or become 

more pronounced after the prolonged cold winter spells of 2009 / 2010 and late 2010 but 

others advised that their homes had started to crack years before this.  The Panel consulted 

with Met Éireann with regard to extreme weather events during the period under 

consideration, which may have contributed to the deterioration of the external walls in the 

affected dwellings.  The Panel also consulted the relevant standards with regards to 

guidance on exposure conditions for the regions affected. 

                                                            
2 Alkali Silica Reaction in Concrete – General Recommendation and Guidance in the Specification of Building 
and Civil Engineering Works - The Institution of Engineers of Ireland and Irish Concrete Society 2003. 
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2.3.1 Climatic conditions 
Met Éireann gave the Panel an overview of the significance of the severe weather events of 

winter 2009 / 2010 and late winter 2010 having particular regard to the affected region. 

 

Key factors noted for winter 2009 / 2010 included: -  

 

 Rainfall was 1½ to 2 times the national average in November with driving rain 

continuing into early December;  

 

 The exceptional rainfall in November 2009 was followed by a prolonged cold spell (i.e. 

30 days) in December;  

 

 Daily variation temperature with temperatures ranging by up to 10oC on certain days;  

 

 There were no ice days3 in Malin Head, County Donegal (excluding shading); and  

 

 The conditions prevailing in the winter of 2009 / 2010 occur every 25 to 30 years. 

 

Key factors noted for winter in late 2010 included: -  

 

 There was less rainfall than the previous year.  The level of rainfall was considered to 

be average with some 20 days of rain in November 2010;  

 

 There was colder temperatures in winter 2010 than in winter 2009 / 2010 with some 30 

days of low temperatures (i.e. from 24th November to 26th December);  

 

 There were 3 to 5 consecutive “ice days” excluding shading in Malin Head, County 

Donegal;  

 

 There were 7 consecutive days in Staide, County Mayo where the temperature did not 

rise above freezing;  

 

 The prolonged cold spell was followed by a rapid rise in temperature over a short 

period of time (i.e. from -100C to +100C in 24 hours); and  
                                                            
3 An “ice day” refers to a day where both the maximum and minimum temperatures do not exceed 0⁰ Celcius. 
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 The depth of cold in the winter of late 2010 occurs every 50 years. 

 

Refer to Appendix 2 for Met Éireann Reports. 

 

2.3.2 Exposure conditions 
An assessment of the local wind-driven rain index should be made to inform design, 

detailing, workmanship and selection of materials suitable for the local exposure conditions if 

the incidence of rain penetration is to be minimised. 

 

The quantity of rain falling on a vertical surface, such as a wall, at any point depends on both 

the intensity of the rainfall and the wind speed.  The BRE Report Driving Rain Index4 

postulated that the quantity of rain falling on a vertical surface, such as a wall, was 

proportional to the quantity falling on a horizontal surface and to the local wind speed, and 

incorporated maps of an annual wind driven rain index, which is the product of the annual 

local rainfall and the annual average airfield wind speed.  The current driving rain index for 

Ireland, prepared by Met Éireann5, is set out in Figure 2.5 overleaf. 

 

Rainfall varies considerably across the country but is largely unaffected by local features.  

Conversely, the general wind speed does not change so much across the country but is very 

much affected by local features, such as the spacing and height of surrounding trees and 

buildings and whether the ground is flat or steeply rising. 

 

Table 2.1 overleaf describes three simple exposure categories and should be read in 

conjunction with Figure 2.5. 

 

  

                                                            
4 Building Research Establishment Report - Driving Rain Index, 1976. 
5 Met Éireann Climatological Report No.13 - Distribution of Driving Rain in Ireland (November 2010). 
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Table 2.1 Driving Rain Index 

Simple exposure category Driving Rain Index 

Severe Severe category obtains in districts where the driving rain index is 7 or more 

Moderate 

Moderate category obtains in districts where the driving rain index is between 3 

and 7 except in areas which have an index of 5 or more and which are within 8 

km of the sea or large estuaries where the exposure should be regarded as 

severe1 

Sheltered 

Sheltered category obtains districts where the driving rain index is 3 or less, 

excluding areas that are within 8 km of the sea or large estuaries the exposure 

should be regarded as moderate1 

 

Notes: In districts of sheltered or moderate exposure, high buildings which stand above their surroundings, or 

buildings of any height on hill slopes or hill tops, should be regarded as having an exposure one grade more 

severe than indicated by the map. 

 

These simple categories cannot take account of all local circumstances.  For example, if a 

building lies on high ground on the windward side, or on the windward slope of even a slight 

hill, or in a valley facing into the strongest rain-bearing winds, it may be more severely 

exposed than the average for the district.  Such details can be studied in large scale maps 

and taken into account, while the Met Éireann may be able to advise in cases of doubt. 

 

The Panel noted that both of the affected areas in Counties Donegal and Mayo are mainly 

located in Severe Exposure zones, see Figure 2.5 overleaf. 
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Figure 2.5 Driving Rain Index map of Ireland 

 

 

Note: I.S. 325: Part 2 1995 Code of Practice for the use of masonry contained a similar map. 
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2.4 Type of construction 
The dwellings affected in both Counties Donegal and Mayo consisted of a mixture of 

traditional build, single storey, dormer, two storey detached and semi-detached houses.  The 

Panel made the following observations: -  

 

 the external walls of the dwellings consisted of cavity wall construction.  Both the inner 

and outer leafs consisted of 100 mm concrete blockwork, separated by a 100 mm 

cavity;  

 

 the external wall faces were rendered in sand / cement render generally applied as a 

single finish coat over a scud coat.  The render finish was generally smooth and 

generally left unpainted;  

 

 insulation was provided in the cavities and in general6 and ranged from partial (board) 

fill to full fill (blown fibre, or beads). 

 

See Figure 2.6 overleaf for typical cavity wall construction terminology. 

 

  

                                                            
6 One dwelling visited by the Panel in the Inishowen Municipal District consisted of cavity wall construction but 
insulation was applied as a dry-lining to the inner leaf. 
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Figure 2.6 Typical cavity wall construction 

 

 

 

 

2.5 Year(s) of construction 
From the information provided, the years of construction of the affected dwellings reported 

ranges from 1984 to 2011, see Table 2.2 for breakdown. 

 

Table 2.2 Years of construction of affected dwellings (as advised to the Panel) 

County Earliest Year Latest Year 

County Donegal 1984 2011 

County Mayo 1998 2006 

 

Notes: Chapter 4 provides a detailed analysis of years of construction and geographical distribution for the 

purposes of estimating the scale of the problem. 
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2.6 Builder type 
Following a survey conducted, the Mica Action Group advised the Panel that the majority of 

houses affected within their membership were direct labour / self-build.  At the same time, 

many builders of scheme houses, e.g. HomeBond registered builders have also been 

involved with the construction of affected dwellings. 

 

 

2.7 Manifest Nature of the Defect – County Donegal 
The following section outlines the Panel’ s findings and observations arising from their site 

visits to the affected areas, consultation with stakeholders and evaluation of reports 

received. 

 

2.7.1 Site Visits to Inishowen and Letterkenny Municipal Districts 
From the sites visited and the photographic evidence provided, the Panel noted that the 

following observations repeat as a common theme: -  

 

 the display of the structural distress expresses itself in a particular pattern which 

generally involves horizontal and vertical cracks, with vertical cracking being most severe 

near corners;  

 

 in certain cases the concrete block outer leaf had moved away from window frames set 

into the wall thus restricting their operational use;  

 

 in general, the worst structural distress observed on gables and/or wall elevations most 

directly exposed to prevailing wind and rain.  These wall elevations were where 

homeowners generally noticed the problems initially appearing;  

 

 exposed outer leaf concrete blocks were observed where render had fallen off.  These 

concrete blocks could be easily fragmented by hand;  

 

 the inner concrete block leaf was generally unaffected;  
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 some homeowners indicated that cracking had started or become more obvious after the 

particularly prolonged cold winter spells of 2009 / 2010 and 2010; others advised that 

their houses had started to crack years preceding these events;  

 

 in one instance, surplus blocks from the construction of a dwelling and left exposed to 

the elements were readily breakable by hand. 

 

The Panel viewed one house where the homeowner had removed and replaced the outer 

leaf of the gable wall.  The homeowner showed the Panel a video of the demolition process 

of a portion of the gable outer leaf.  Behind the render the concrete blocks (dark grey in 

colour) were saturated.  The outer leaf was taken down by hand with minimal effort using a 

claw hammer.  The concrete blocks appeared to disintegrate into gravelly fragments during 

the process.  The inner leaf concrete blocks, (light grey in colour), were dry, and appeared 

intact. 

 

The Panel was anecdotally informed that in some instances cavity walls had been fully filled 

with blown fibre insulation.  These dwellings were severely cracked; apparently some 

homeowners have removed the fibre and found it saturated. 

 

See Figures 2.7 and 2.8 for a selection of photographs. 
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Figure 2.7 Examples of affected dwellings – County Donegal 

 

a) Typical horizontal and vertical cracking to gable 

 
b) Characteristic horizontal and vertical cracks 

 

c) Rear wall cracking 
d) Gable cracking 
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Figure 2.8 Examples of affected dwellings – County Donegal 

 
a) Filled cracks, characteristic corner crack  

b) Cracking on exposed gable 

  
c) Corner crack 

  
d) Pattern Cracking 

 

 



 
 

 

 
32 

2.7.2 Engineering and Laboratory Reports 
The Panel received via the Mica Action Group and other stakeholders, a total of 63 technical 

reports which had been commissioned by affected homeowners relating to approximately 50 

dwellings in addition to other supplementary information relevant to the problems their 

members are facing.  In broad terms, the information provided largely consisted of a mixture 

of reports from consulting engineers (some with and some without laboratory reports) as well 

as a number of isolated laboratory reports. 

 

The laboratory reports received were conducted by at least 6 different laboratory test 

houses.  The scope and type of laboratory testing undertaken and recounted in reports 

made available to the Panel varied from case to case.  Some covered petrographic, XRD, 

and chemical tests, though not all covered each test type. 

 

Among recurring conclusions from the laboratory reports are: -  

 

 the crushing strength of the blocks was less than would be expected (by the testing 

laboratory) given their positions in the sub and superstructure of the house;  

 

 there was a variable but generally high content of muscovite mica in the fine and 

coarse aggregate makeup of the concrete blocks;  

 

 in some cases there appeared to be a high water / cement ratio and less cement in the 

blocks than would be expected (by the testing laboratory);  

 

 there was proportionately higher voids in the concrete blocks than would be expected 

(by the testing laboratory);  

 

 one laboratory report described the poor behaviour of a concrete block sample when 

subject to repeated freezing and thawing by comparison with a control concrete block 

sample. 

 

The engineers’ reports drew attention to published technical references setting out the 

adverse effects on strength and workability for concrete made with aggregate containing 

high levels of muscovite mica.  The reports ascribe the structural distress in the houses to 

those adverse effects manifesting in the concrete block outer leaf. 
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2.7.3 Timeframe for problems to be first noticed 
Based on the engineers’ reports received by the Panel, a minority of homeowners noticed 

cracks appearing during or shortly after construction.  Others ranged from 5 to 10 years post 

construction before defects became noticeably apparent. 

 

The Mica Action Group advised the Panel that, based on a survey they conducted, the 

average time homeowners reported cracking becoming evident to their home was 5.3 years 

after construction. 

 

HomeBond advised the Panel that time taken from dwelling registration to a complaint / 

claim of a defect being made ranged from between 4 to 127 years. 

 

 

2.8 Discussion 

In general, the forensic analysis of the construction defect should address the following three 

key areas: -  

 

(i) Design 

 

(ii) Product 

 

(iii) Workmanship 

 

Construction defects may be caused by any one of these or a combination of more than one.  

To enable the most appropriate solution to be applied, correct diagnosis regarding the cause 

of the structural defect is paramount.  In this regard, the Panel have set out their opinions 

under these headings below based on their review of engineering reports, photographic 

evidence and on-site observations. 

 

2.8.1 Design related observations 
Although few reports gave information on the wall types, the dwellings affected all appear to 

be non-complex traditional concrete block construction.  The particular pattern of external 

wall cracks on affected dwellings suggests that the cracks are unlikely to be attributable to 

                                                            
7 Complaints / claims made to HomeBond outside the 10 Year Warranty cover period were automatically 
rejected. 
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foundation settlement8 or shrinkage.9  At the same time, the Panel observed some 

deviations from the codified recommendations for masonry use in Ireland, e.g. movement 

joints, weep holes, render specification. 

 

With regard to the use of full fill fibre insulation, unless the site exposure conditions and the 

insulation’s suitability are carefully considered, the Panel note that the inclusion of full fill 

fibre insulation can lead to the passage of moisture across the cavity to the inner leaf and 

may cause internal dampness problems10. 

 

2.8.2 Product related observations 
Most of the engineering reports submitted to the Panel, though not all supported by 

laboratory tests, concluded that the cause of the structural distress / cracking was 

attributable to harmful impurities, in particular excessive levels of muscovite mica present in 

the constituent aggregate of the concrete blocks. 

 

2.8.2.1 What are the potential implications for excessive muscovite mica in the 
manufacture of concrete blocks? 

The presence of significant concentrations of muscovite mica have been documented by 

researchers worldwide to cause issues during the manufacture of concrete.  In summary, 

muscovite mica is a very common rock forming mineral that is found in granitic, metamorphic 

and fine grained and immature sedimentary rocks.  It is a potassium aluminium silicate that 

can sometimes have chromium or manganese replacing the aluminium. 

 

Muscovite mica which is found in mica schist, see Figure 2.9, has a pearly lustre and can 

range in colour from colourless to white, yellow, brown, grey, green, pink, purple or red and 

can be translucent or transparent.  It is relatively soft, with a hardness of 2 - 2.5 on the Mohs 

hardness scale and has a monoclinic crystallinity.  The crystal aspect tends to be flat, 

tabular, foliated, flaky and scaly, one dimensional flakes that have the ability to flex or bend 

and have a very well-developed cleavage.  While muscovite mica is relatively chemically 

inert, it can be altered under certain conditions to form kaolinite.  Mica has hydrophilic 

properties with the ability to absorb and store water along cleavage planes. 

                                                            
8 Two engineers’ reports submitted attributed the cause of some of the cracking to foundation settlement. 
9 One engineer’s report does make reference to cracking caused by a design problem unrelated to defective 
blockwork. 
10 Case Study: Remedial works to external cavity walls, social housing scheme, Letterkenny - John McCarron of 
Donegal County Council 05 April 2016, See link: http://www.engineersjournal.ie/2016/04/05/remedial-works-to-
external-cavity-walls-letterkenny/. 
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The Panel consulted the National Standards Authority of Ireland seeking a clarification on 

the historic limitations regarding the use of harmful impurities in concrete blocks as set out in 

S.I. No. 288 of 1949 of 194911.  A copy of the National Standards Authority of Ireland’s 

response to the Panel is provided in Appendix 4. 

 

  

                                                            
11 Standard Specification (Solid Concrete Building Blocks Made With Natural Aggregate) Order 1949 (S.I. No. 
288/1949). 



 
 

 

 
36 

Figure 2.9 Examples of Mica Schist from County Donegal 

 

a) Mica Schist (hand specimen) 

 

b) Mica Schist Outcrop 

 
Courtesy: Geological Survey Ireland, 2017 
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Muscovite mica is particularly susceptible to the production of monomineralic grains, as the 

crystals are flaky and fracture relatively easily along cleavage planes.  Large particles of 

schist will preferentially break along mica rich cleavage planes exposing the mica coating in 

the exposed cleavage surface, allowing spalling and liberation of mica and also creating a 

mica rich surface on the coarse aggregate particle. 

 

The undesirable effect of muscovite mica, in particular free mica12, has been documented in 

a number of studies from around the globe.  During the concrete manufacturing process the 

loose flakes and high specific surface area of mica particles increases water demand, has a 

negative effect on the rheology, decreasing workability and reducing the compressive 

strength of the finished concrete.  Estimates suggest that the presence of 1% muscovite 

mica in the aggregate causes a reduction of the concrete strength by approximately 5%13. 

 

Other problematic properties of mica include its low compressive and flexural strength and 

absorptive characteristics.  It has relatively poor bond strength with cement paste due to 

disbonding focused along cleavage planes.  Its tendency to split and fracture along cleavage 

planes, fan out at particle edges is also undesirable.  Micro-fractures can focus along weak 

cleavage within the mica particle and migrate across the particle / paste boundary 

propagating into the concrete. 

 

2.8.2.2 Possible failure mechanism in concrete blocks 
The predictable consequences of high mica content in the blockwork concrete can provide a 

plausible mechanism for many of the particular cracking patterns observed.  Technical 

references published in the UK12,14, Sweden15, USA16 and South Africa17 describe the 

implications for concrete made from aggregates containing high levels of mica based on 

                                                            
12 Fine mono-mineralic mica grains. 
13 Technical Report 370. Cement and Concrete Association,1963. J. Dewar. 
14  

(i) Impurities in Concreting Aggregates". 1987,T. P. Lees, Cement and Concrete Association Guide. 
(ii) Lea's Chemistry of Cement and Concrete  (Fourth Edition) - Peter C. Hewlett ISBN: 978-0-7506-6256-7. 
(iii) Zografou, Heath, Walker – China Clay waste as aggregate in Alkali- activated cement mortars – 

University of Bath. 
15  

(i) Lagerblad, Gram, Westerholm - Quality of fine materials from crushed rocks in  sustainable concrete 
production – Swedish Cement and Concrete Research Institute. 

(ii) Novikova and others – The behavior of mica rich base course aggregates under freezing – thawing 
conditions – Lulea University of Technology. 

16 Effects of Mica, Aggregate Coatings, and Water-Soluble Impurities on Concrete - James W. Schmitt. 
Concrete International Volume: 12, Issue Number: 12 publisher: American Concrete Institute ISSN: 0162-4075. 
17 Some Aspects of the Effect of Micaceous Sand on Concrete" 1971, O. H. Muller, THE CIVIL ENGINEER in 
South Africa. 
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laboratory tests.  Those effects would be expected to manifest in concrete blocks since the 

constituents are essentially the same. 

 

The references above describe how a high level of mica in the concrete aggregate when it is 

batched attracts a disproportionate amount of water by comparison with the rest of the 

aggregate.  This effect is exacerbated if the high mica levels are also present in the fine 

aggregate, i.e. if both coarse and fine are from the same geological source.  Workability and 

strength are reduced in those circumstances.  

 

Susceptibility to loss of integrity in freeze thaw conditions also results18.  On the information 

provided, the Panel is of the opinion that if concrete blocks become saturated in the outer 

leaf and are subsequently subjected to repeated freezing and thawing, the contained water 

would expand in the blocks as it froze and thus tend to disaggregate the blocks. An 

explanation could be that the flat nature of the mica crystals in the blocks provided planes of 

weakness allowing the blocks to crack along the mica crystal planes.  Repeated freeze thaw 

cycles such as might occur during a cold spell with fluctuating night / day time temperature 

levels could be expected to result in concrete blocks deteriorating.  

 

Significant wet and subsequently freezing cold weather pertained; in particular, in County 

Donegal during the 2009 / 2010 and late 2010 winters (see paragraph 2.3.1).  In each of 

those instances a prolonged number of rainy days - which would have saturated the outer 

block leaves - preceded an unusually long freezing cold spell.  Day time sunshine could 

have raised the wall temperatures above freezing for south / west walls which would then 

cool below freezing overnight.  This would accord with reports from some homeowners that 

the cracking in their homes had become significantly worse after those winters. 

 

At the same time, information from house owners and their engineers’ reports is that 

cracking in the characteristic horizontal / vertical pattern had in many cases commenced 

before those winters. 

 

2.8.3 Workmanship related observations 
At the time the affected houses were built, standards existed for both the constituent 

materials and the manufacture of concrete blocks.  There were also Codes of Practice in 

place for structural design, construction, and rendering of concrete block walls. 
                                                            
18 Deterioration of Concrete Due to Specific Minerals". 2001, Y. Wakizaka, K Ichikawa, Y Nakamura and S Anan. 
Environment and Economy. 
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Under the Building Regulations, compliance with those standards and codes as referenced 

in the relevant Technical Guidance Documents would have been considered ”prima facie” 

evidence of compliance with the Regulations for “Structure”, “Resistance to Moisture” and 

“Materials and Workmanship”. 

 

On some houses viewed by the Panel, deviations were noted from the recommendations of 

those standards including render makeup / thickness, absence of cavity weep holes and of 

control joints on long walls. 

 

However, given the geographical spread of affected dwelling locations, the wide variety and 

number of builders involved, there is little reason to believe that construction practice and 

details on the affected dwellings were significantly different to those on nearby similarly 

exposed houses.  Those nearby houses did not exhibit the pattern cracking seen by the 

Panel. 

 

 

2.9 Conclusions – County Donegal 
Based on information received, the Panel is of the opinion that the reason for the widespread 

pattern cracking in private dwellings in County Donegal is primarily due to the excessive 

amount of deleterious material (in the form of muscovite mica) in the aggregate used to 

manufacture the concrete blocks.  This was a more significant deviation from the Standards 

of the time than the workmanship deviations mentioned above, see paragraph 2.8.  The 

consequence was the concrete blocks had poor freeze / thaw resistance.  Given that no 

traditional render is totally waterproof, inevitably damp outer leaf blocks cracked, leading to 

render cracking and further water ingress and structural distress.  

 

As it turned out the severe cold weather in parts of the 2009 / 2010 and late 2010 winters 

reportedly exacerbated the cracking in many instances. 

 

Finally, it is not normal for concrete blocks to fail in the manner observed.  It is the Panel’s 

opinion, which was supported by the laboratory reports provided, that the concrete blocks 

which deteriorated in the manner observed were not fit for purpose. 
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2.10  Manifest Nature of the Defect – County Mayo 
The following section outlines the Panel’s findings and observations arising from their site 

visits to the affected areas, consultation with stakeholders and evaluation of reports 

received. 

 
2.10.1 Site Visits to Ballina and West Mayo Municipal Districts 
From the sites visited by the Panel and the photographic evidence provided, the following 

observations repeated as a common theme, similar to those observed in County Donegal: -  

 

 the display of the structural distress expresses itself in a particular pattern which 

generally involves horizontal and vertical cracks, with vertical cracking being most 

severe near corners.  Many cracks are of significant width (> 10 mm);  

 

 in certain cases, the concrete block outer leaf had moved away from window frames 

set into the wall thus restricting their operational use;  

 

 in general, the worst structural distress was on gables and/or wall elevations most 

directly exposed to prevailing wind and rain.  These wall elevations were where 

homeowners generally noticed the problems initially appearing.  One gable inspected 

had been almost totally stripped of render by the owner (with a view to re-rendering) 

exposing soft underlying concrete blockwork. 

 

 the inner concrete block leaf was generally unaffected. 

 

See Figures 2.10 and 2.11 overleaf for a selection of photographs. 
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Figure 2.10 Examples of affected dwellings – County Mayo 

  
e) Typical vertical cracking at gable corner 

 

  
f) Typical pattern cracking 

 

  
c) Cracking on sheltered wall   

d) Pattern cracking, sealant filled 
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Figure 2.11 Examples of affected dwellings – County Mayo 

  
a) Front wall corner crack 

  
b) Horizontal and vertical cracking 

  
c) Corner and pattern cracks 

  
d) Corner of house fallen away. 
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2.10.2 Evaluation of Engineering and Laboratory reports 
Homeowners provided the Panel with technical reports in respect to 17 dwellings. 

 

Laboratory reports received were commissioned by 8 homeowners and were conducted by 

at least 5 different laboratory test houses.  Similar to the Donegal experience, the scope and 

type of laboratory testing undertaken and recounted in reports made available to the Panel 

varied from case to case.  Some covered petrographic, XRD, and chemical tests, though not 

all covered each test type.  Parameters such as equivalent pyrite content, total sulfur by 

mass, sulfate content by mass, acid soluble sulfate content, and water soluble sulfate 

content were the subject of testing – though not all in any individual report. 

 

Among recurring conclusions in the laboratory test reports are: -  

 

 the presence of pyrite (including reactive “framboidal” pyrite19) is consistently reported, 

and 

 

 reference to high sulfate content in the concrete blocks (emanating from within the 

block). 

 

The reports generally conclude that the aggregate used in the manufacture of the concrete 

blocks tested was unsound and was not suitable for that use because of its potential to 

cause further deterioration of the blocks. 

 

2.10.3 Timeframe for problems to be first noticed 
Based on the engineering reports received by the Panel, a minority of homeowners noticed 

cracks appearing shortly after construction.  Others ranged from 5 to 10 years post 

construction before the defects became apparent. 

 

From the Panel’s own site visit to a selection of houses in County Mayo, homeowners 

described how cracks initially developed in the external render ranging from 4 to 13 years 

after construction.  These initial cracks became progressively more frequent and larger over 

time. 

 

                                                            
19 Pyrite structure that affords a large surface area which facilitates the oxidising reactions.  Reactive pyrite 
generally has a framboidal texture i.e. resembling raspberries. 
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HomeBond advised the Panel that time taken from dwelling registration to a complaint / 

claim of a defect being made ranged from between 4 to 9 years. 

 

 

2.11  Discussion 

Again, similar to Donegal the Panel considered the following three key areas: -  

 

(i) Design 

 

(ii) Product  

 

(iii) Workmanship 

 

The Panel provides their opinion under these headings below based on their review of the 

engineers’ and laboratory reports, photographic evidence and on-site observations. 

 

2.11.1 Design related observations 
Similar to County Donegal, the dwellings affected are all non-complex buildings of traditional 

construction.  The high degree of consistency as to the characteristics of the damage and 

the particular crack patterns observed also make them unlikely to be attributable to 

foundation settlement or shrinkage.  The Panel observed some deviations from the codified 

recommendations for masonry use in Ireland, e.g. movement joints, weep holes, render 

specification. 

 

2.11.2 Product related observations 
Most of the engineers’ reports submitted to the Panel, though not all supported by laboratory 

tests, concluded that the cause of the structural distress / cracking was attributable to 

harmful impurities, in particular excessive levels of reactive pyrite present in the constituent 

aggregate of the concrete block. 

 

2.11.1.1 What are the potential effects of pyrite on concrete blocks? 
Pyrite is a naturally occurring mineral comprised of the elements iron and sulfur (see Figure 

2.12 overleaf).  In general, pyrite may be described as being either reactive or non-
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reactive20.  When reactive pyrite in aggregate material is exposed to moisture and oxygen 

under certain conditions, the pyrite will oxidise to form sulfuric acid which may, in turn, react 

further with other minerals found in the aggregate to form calcium sulfate in the form of 

gypsum.  Gypsum, formed under these conditions, will have a significantly greater volume 

than that of the pyrite, expanding to approximately twice that of the original pyritic material. 

Where this expansion occurs in the aggregate constituent of concrete blocks, it may result in 

cracking in individual concrete blocks. 

 

Figure 2.12 Examples of Pyrite 

 

 
 

Courtesy: Report of the Pyrite Panel, 2012 

 

2.11.3 Workmanship related observations 
Similar to County Donegal, at the time the affected houses were built, standards existed for 

both the constituent materials and the manufacture of concrete blocks.  There were also 

codes of practice in place for structural design, construction, and rendering of concrete block 

walls. 

 

Under the Building Regulations, compliance with those standards and codes as referenced 

in the relevant Technical Guidance Documents would have been considered ”prima facie” 

                                                            
20 Report of the Pyrite Panel (June 2012). 
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evidence of compliance with the Regulations for “Structure”, “Resistance to Moisture” and 

“Materials and Workmanship”. 

 

On some houses viewed by the Panel, deviations were noted from the recommendations of 

those standards including render makeup / thickness, absence of cavity weep holes and of 

control joints on long walls. 

 

However, given the geographical spread of affected dwelling locations, the wide variety and 

number of builders involved, there is little reason to believe that construction practice and 

details on the affected dwellings were significantly different to those on nearby similarly 

exposed houses.  Those nearby houses did not exhibit the pattern cracking seen by the 

Panel. 

 

2.12  Conclusions – County Mayo 
Based on information received, the Panel is of the opinion that the reason for the widespread 

pattern cracking in private dwellings in County Mayo is primarily due to the excessive 

amount of deleterious material (in the form of reactive pyrite) in the aggregate used to 

manufacture the concrete blocks.  This was the most significant factor causing the distress 

rather than the design / workmanship deviations mentioned above, see paragraph 2.11.  The 

severe cold weather in parts of the 2009 / 2010 and the late 2010 winters reportedly 

exacerbated the cracking in many instances. 

 

Although the inner and outer leaf concrete block most likely came from the same source, 

there are in general minor signs of damage to the inner leaf.  While this is probably due to 

the dryer conditions which the inner leaf is normally subject to, it does not remove the risk of 

a chemical reaction occurring at a later stage. 

 

Finally, it is not normal for concrete blocks to fail in the manner observed.  It is the Panel’s 

opinion, which was supported by the laboratory reports provided, that the concrete blocks 

which deteriorated in the manner observed were not fit for purpose. 

 

 



Chapter 3 Regulatory Requirements and 
Technical Specifications 
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3.0 Introduction 
This chapter gives a brief overview of the regulatory requirements and well established 

technical specifications in place during the period under consideration namely: -  

 

(a) the building control system in place in Ireland;  
 

(b) the requirements of the Building Regulations and the technical guidance provided 

therein, in relation to masonry construction and use;  
 

(c) specifications that were commonly used in practice on construction sites; and  
 

(d) the regulatory requirements for the marketing of construction products. 
 

 

3.1 Building Control System 
The design and construction of buildings is regulated under the Building Control Acts 1990 to 

2014, in order to ensure the safety of people within the built environment.  The Acts provide 

for the making of Building Regulations and also set out the legislative basis for the system of 

enforcement. 

 

3.1.1 Building Regulations 
The Building Control Act 1990 provides, inter alia for the making of Building Regulations in 

respect of the construction of buildings.  The aim of the Building Regulations is to provide for 

the safety and welfare of people in and about buildings.  The Building Regulations apply to 

the design and construction of a new building (including a dwelling) or an extension to an 

existing building.  The minimum performance requirements that a building must achieve are 

set out in the Second Schedule to the Building Regulations.  These requirements are set out 

in 12 parts (classified as Parts A to M).  Technical Guidance Documents (TGDs) are 

published to accompany each part indicating how the requirements of that part can be 

achieved in practice.  Adherence to the approach outlined in a Technical Guidance 

Document is regarded, prima facie, as evidence of compliance with the requirements of the 

relevant part of the Building Regulations. 
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3.1.2 Building Control Regulations 
The Building Control Regulations set out the system of administrative controls to support 

compliance with the Building Regulations by requiring, inter alia, the submission of 

Commencement Notices, Fire Safety Certificates, Disability Access Certificates and the 

more recent Certificates of Compliance on Completion (introduced under S.I. No. 9 of 2014 

which came into effect on 1 March 2014). 

 

The primary responsibility for compliance with the requirements of the Building Regulations 

rests at all times with the owner of the proposed building or works, and with any builder or 

designer engaged by the owner. 

 

Responsibility for enforcement is delegated under the Building Control Acts 1990 to 2014 to 

local building control authorities who are independent in the exercise of their statutory 

powers.  Building control authorities have strong powers of inspection and enforcement 

under the Acts. 

 

Authorised officers of each local building control authority have delegated powers to: -  

 

 scrutinise proposals and inspect works in progress;  

 

 serve enforcement notices on owners and builders for non-compliance;  

 

 institute proceedings for breaches of any requirements outlined in the Acts, or any 

regulations made thereunder; and  

 

 seek High Court orders to mitigate danger to the public where serious non-compliance 

poses risks to public safety. 

 

Failure by an owner or a builder, at the request of a building control authority, to demonstrate 

compliance with the Building Regulations or the Building Control Regulations, or to rectify 

any such non-compliance, may be an offence under the Building Control Acts 1990 to 2014.  

If successfully prosecuted in court, such offences may lead to a fine and/or a term of 

imprisonment. 
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The use of these powers is, however, subject to a statute of limitations of five years from the 

date of completion of the buildings concerned. 

 

The Building Control (Amendment) Regulations 2014 (S.I. No. 9 of 2014) were introduced 

with effect from 1 March 2014 in order to strengthen the arrangements in place for the 

control of building activity in response to the widespread failures that had occurred in all 

sectors of the industry in the period leading to the recent economic collapse.  S.I. No. 9 of 

2014 has required that the design and construction of buildings is verified during 

construction through the execution of an inspection plan overseen by a registered 

construction professional (the assigned certifier) that enables the builder and the assigned 

certifier to sign a statutory certificate of compliance on completion. 

 

This statutory certificate of completion effectively represents a badge of approval reassuring 

owners of homes and buildings that their home or building is a quality, compliant one that is:  

 

 safe and healthy to live in;  

 

 structurally sound and resistant to fire;  

 

 energy efficient, therefore warm and comfortable, and requiring relatively low spending 

on fuel;  

 

 durable, having used properly certified materials combined with good construction 

practice. 

 

Following a review of Building Control Regulations21 following 12 months of operating under 

S.I. No. 9 of 2014, it was decided that a relaxation of the new rules should be afforded the 

owner of works involving the construction of a new single dwelling, on a single unit 

development, or of a domestic extension, the facility to opt out22 of the requirement to obtain 

statutory certificates of compliance signed by a registered construction professional. 

 

 

                                                            
21 Review of Building Control Regulations following 12 months of operating under S.I. No. 9 of 2014 Report on 
Consultation Process (30 June 2015). 
22 Information Note for Owners of new dwellings and extensions who opt out of Statutory Certification for building 
control purposes. 
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3.2 Construction Products Legislation 
3.2.1 Construction Products Directive (89/106/EEC23) 
Council Directive 89/106/EEC of 21 December 1988 on the approximation of laws, 

regulations and administrative provisions of the Member States relating to construction 

products (known as the Construction Products Directive) was adopted by the European 

institutions to address the problem of technical barriers to international trade caused by 

varying national standards in the construction sector and came into effect on 27 June 1991. 

 

Persons placing construction products on the market had specific legal responsibilities under 

the European Communities (Construction Products) Regulations 1992 (S.I. No. 198 of 

1992), as amended by the European Communities (Construction Products) (Amendment) 

Regulations 1994 (S.I. No. 210 of 1994), which transposed the Construction Products 

Directive into Irish law.  Under these legislative instruments a “product” is defined as “any 

construction product to which these Regulations apply which is produced for incorporation in 

a permanent manner in works”.  In addition, suppliers of construction products “… shall not 

place a product, other than a minor product, on the market unless it has such characteristics 

that the works in which it is to be incorporated, assembled, applied or installed can, if 

properly designed and built, satisfy the essential requirements when, where and to the 

extent that such works are subject to regulations containing such requirements”24.  The 

Building Regulations are an example of regulations containing such requirements. 

 

Building control authorities are the principal enforcement agencies for these Regulations.  

Separate to their powers under the Building Control Acts 1990 to 2014, building control 

officers have been appointed as authorised officers under these Regulations by their local 

building control authorities.  The Regulations set out the specific powers of an authorised 

officer.  However, in brief, where an authorised officer is of the opinion that a product (that 

was covered by these Regulations) was placed on the market in contravention of the 

Regulations, s/he had the following powers: -  

 

 to access, examine, test, inspect, seek documentation / information etc. about 

products to establish if the product complies;  

 

                                                            
23 Regulation (EU) No 305/2011 (known as the Construction Products Regulation or “the CPR”) was adopted on 
9 March 2011 and repeals the Construction Products Directive (89/106/EEC – CPD). 
24 Extract from European Communities (Construction Products) Regulations 1992 (S.I. No. 198 of 1992) and 
European Communities (Construction Products) (Amendment) Regulations 1994 (S.I. No. 210 of 1994). 
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 to seek a warrant, from the courts, to enter and search a premises;  

 

 to request the Minister to prohibit (or apply conditions to) a product being placed on the 

market; and  

 

 to prosecute an offence. 

 

Although these Regulations did not come into effect until 1993, existing national provisions 

i.e. Irish Standards, British Standards etc. continued to apply where European technical 

specifications were not available.  In such cases, products may have been placed on the 

market in accordance with these national provisions. 

 

Given the limited resources available and their application over the then 37 separate local 

building control authorities, enforcement action relating to the Construction Products 

Directive was generally carried out on a reactive basis.  Typically, market surveillance 

activity was triggered on foot of acting on information received from complaints, e.g. from the 

public, public bodies, contractors, designers, customs or other market surveillance 

authorities etc. 

 

3.2.2 Construction Products Regulation (Regulation (EU) No. 305/2011) 
Although outside the scope of the legacy period under consideration, since 1 July 2013, 

Regulation (EU) No 305/2011 of the European Parliament and of the Council laying down 

harmonised conditions for the marketing of construction products and repealing Council 

Directive 89/106/EEC (commonly known as the Construction Products Regulation) requires 

any construction product placed on the market that is covered by a harmonised standard to 

be accompanied by a Declaration of Performance and to have the CE marking affixed.  

There is a suite of harmonised standards covering most construction products including 

aggregates, concrete blocks etc. 

 

The primary purpose of the Construction Products Regulation (and its predecessor the 

Construction Products Directive) is to break down technical barriers to trade in order to 

ensure the free movement of construction products across Member States within the 

European Union.  In this regard, the Construction Products Regulation provides for: -  
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 a system of harmonised technical specifications (i.e. harmonised European product 

standards and European Assessment Documents);  

 

 an agreed system of assessment and verification of constancy of performance for 

each product family (as set out in the harmonised technical specifications);  

 

 a framework of notified bodies, who are third party bodies involved in the assessment 

of products, or their production, to varying degrees as set out in the harmonised 

technical specifications; and  

 

 the mandatory CE marking of construction products as a passport to the internal 

market, along with the requirement for Declarations of Performance to accompany 

such construction products. 

 

The Construction Products Regulation came directly into force across the entire European 

Union on 1 July 2013 with the result that each construction product for which a harmonised 

European product standard is in force, or for which a European Technical Assessment has 

been issued, will need a Declaration of Performance from the manufacturer and be affixed 

with the CE marking before it can be placed on the internal market. 

 

In addition, the Construction Products Regulation has introduced a ‘chain of custody’ 

approach for construction products being placed on the market which will result in greater 

legal responsibility for compliance not only on manufacturers but also with agents, importers 

and distributors (i.e. retailers) who must, amongst other things, take appropriate steps to 

ensure that these requirements have been fulfilled by the manufacturer. 

 

In the context of construction products, market surveillance refers to the activities carried out 

and the measures taken by market surveillance authorities (i.e. enforcement authorities) to 

ensure that construction products comply with the requirements set out in the Construction 

Products Regulation and therefore do not endanger the health, safety or any other aspect of 

public interest protection.  In real terms, market surveillance under the Construction Products 

Regulation will include any necessary actions to: –  
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 stop the circulation of construction products that do not comply with all the 

requirements set out in the Construction Products Regulation (e.g. bans, withdrawals, 

recalls);  

 

 require economic operators to bring their construction products into compliance; and/or  

 

 apply sanctions to non-compliant economic operators. 

 

However, it should be noted that primary responsibility for demonstrating a construction 

product’s compliance with the requirements of the Construction Products Regulation rests 

with the manufacturer of the product.  It is not the responsibility of a market surveillance 

authority to certify products. 

 

Under the European Union (Construction Products) Regulations 2013 (S.I. No. 225 of 2013), 

building control authorities have been designated as the principal market surveillance 

authorities for construction products that fall within the scope of the Construction Products 

Regulation although the Minister for Housing, Planning, Community and Local Government 

may also appoint other bodies and/or persons for specific product areas should the need 

arise. 

 

Enforcement action relating to Construction Products Regulation is generally carried out on a 

reactive basis and is more often triggered on foot of acting on information received from 

complaints (e.g. from the public, public bodies, contractors, designers, customs, An Garda 

Síochána or other market surveillance authorities etc.). 

 

 

3.3 How is masonry construction dealt with in the Building 
Regulations? 

The statutory requirements set out in Part D of the Second Schedule to the Building 

Regulations in relation to materials and workmanship provides an overarching requirement 

that “all works shall be carried out with proper materials and in a workmanlike manner”.  

“Proper materials means materials which are fit for the use for which they are intended and 

for the conditions in which they are to be used.” 
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In addition, Part A of the Second Schedule to the Building Regulations sets out the legal 

requirements in relation to structure.  The accompanying Technical Guidance Document A 

provides guidance on how compliance can be achieved and, in the context of block work in 

houses; reference is given to the appropriate masonry design and construction standards.  

The materials to be used, e.g. concrete blocks, wall ties etc. are required to meet the 

specified minimum designations, strengths and other qualities, as set out in Technical 

Guidance Document A and the referenced standards. 

 

Finally, Part C of the Second Schedule to the Building Regulations sets out the legal 

requirements in relation to site preparation and resistance to moisture.  The accompanying 

Technical Guidance Document C provides guidance on how compliance can be achieved 

and in the context of masonry construction; reference is again given to the appropriate 

masonry design and construction standards. 

 

A summary of the particular requirements of Part A – Structure, Part C – Site Preparation 

and Resistance to Moisture and Part D - Materials and Workmanship of the Second 

Schedule to the Building Regulations is given in Appendix 3. 

 

 

3.5 Discussion 
3.5.1 Building Control System 
The Donegal and Mayo masonry problems adds to the legacy of building failures or severe 

non-compliance concerns following the downturn in economic and construction activity in 

2008, which exposed vulnerabilities in the building control system that was in place at that 

time.  The economic consequences of legacy issues for industry, private building owners 

and the State continue to be felt in terms of the immediate remediation costs, e.g. the pyrite 

remediation scheme and the longer term effects on construction-related insurances and 

consumer confidence in the construction industry. 

 

The Panel regards the strengthening of the regulatory framework by means of the 

introduction of the Building Control (Amendment) Regulations 2014 (S.I. No. 9 of 2014), 

which aims to ensure that a home or building is designed and constructed in compliance with 

the relevant requirements of the Building Regulations, as a positive intervention.  S.I. No. 9 

of 2014 requires that the design and construction of buildings is verified during construction 

through the execution of an inspection plan overseen by a registered construction 
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professional (the assigned certifier) that enables the builder and the assigned certifier to sign 

a statutory certificate of compliance on completion. 

 

On the other hand, the Panel disagrees with the more recent relaxation of the provisions of 

the Building Control (Amendment) (No. 2) Regulations 2015 (S.I. No. 365 of 2015) which 

facilitates, amongst other things, a homeowner to opt out of the statutory certification 

system.  It is the Panel’s opinion that the introduction of the opt out for new single dwellings, 

on a single development, as provided for in the S.I. No. 365 of 2015 is a retrograde step that 

may contribute to repeat building failures such as those experienced in Counties Donegal 

and Mayo due to an absence of professional involvement. 

 

The Panel is generally satisfied that the Building Regulations were clear with their functional 

requirements.  The Technical Guidance Documents referred to a comprehensive suite of 

standards, which was reflective of the state of knowledge and experience of concrete block 

manufacturing and masonry construction at the time and the principles still remain very 

much current to this day.  The Panel notes that Technical Guidance Document C (2004 

edition) discontinued some key references but notwithstanding this, Part C itself is very clear 

in its functional requirement for the resistance of moisture.  Regulation C4 states: “The 

floors, walls and roof of a building shall be so designed and constructed as to prevent the 

passage of moisture to the inside of the building or damage to the fabric of the building.” 

 

The Panel noted that both affected areas of Counties Mayo and Donegal are located in an 

exposure zone classified as severe category, see paragraph 2.3.2.  In this regard, the 

specification of the concrete block, mortar and render etc. should have been a key 

consideration to ensure the exclusion of moisture.  The Panel observed some deviations 

from the codified recommendations for masonry use in Ireland, e.g. movement joints, weep 

holes, render specification. 

 

3.5.2 Enforcement of Construction Products Legislation 
During the period under consideration, building control authorities did not have the technical 

resources in-house to test construction products which may have been non-compliant with 

the requirements of the Construction Products Directive.  In this regard, all enforcement 

activity was (and remains the same today25) performed within existing local authority budgets 

                                                            
25 IRELAND Regulation (EC) No. 765/2008 National Sector Specific Market Surveillance Programme 2014-15 
(February 2014). 
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and remained subject to national restrictions on Government spending following the 

downturn in the economy in 2008. 

 

Given the limited resources available and their application over 31 separate local building 

control authorities, enforcement action relating to construction products is generally carried 

out on a reactive basis.  Typically, market surveillance activity is triggered on foot of acting 

on information received from complaints (e.g. from the public, public bodies, contractors, 

designers, customs, An Garda Síochána or other market surveillance authorities etc.). 

 

 

3.6 Conclusions 
The many incidences of building failures or severe non-compliance concerns which followed 

the 2008 collapse in economic and construction activity ultimately led to a strengthening of 

the building control system.  The Panel regards the strengthening of the regulatory 

framework by means of the introduction of the Building Control (Amendment) Regulations 

2014, which requires the design and construction of buildings to be verified during 

construction through the execution of an inspection plan overseen by a registered 

construction professional (i.e. an assigned certifier) that enables the builder and the 

assigned certifier jointly to sign a statutory certificate of compliance on completion, as a 

positive intervention to support compliance with the requirements of the Building 

Regulations.  The new regime, in place over 3 years, has improved adherence to the 

Building Regulations and associated Technical Guidance Documents and referenced 

standards.  However, it is the Panel’s opinion that the introduction of an opt out for new 

single dwellings, on a single development, as provided for in S.I. No. 365 of 2015 is a 

retrograde step that through lack of professional supervision of works could contribute to a 

repeat building failures such as those experienced in Counties Donegal and Mayo and 

should be amended. 

 

The Panel advocate that more meaningful on-site inspections and enforcement by building 

control personnel is required to ensure that standards are maintained as a necessary check 

and balance to requirements under the current building control system. However, the Panel 

does not consider it was reasonable to expect that the Building Control Authorities could 

have prevented the problem from occurring. 
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With regards to the Building Regulations, given that Part C – Site Preparation and 

Resistance to Moisture and the current edition of Technical Guidance Document C dates 

back to 2004, the Panel considers that it is timely that a full review be undertaken to ensure 

that the latest standards and subsequent changes to construction practice and technology 

are reflected into the Building Regulations. 

 

The Panel considers that the risk of failure of a construction product is significantly reduced 

when the manufacturer, who takes full responsibility for placing his product on the market, 

has full knowledge of their raw material (as is legally required by the Construction Products 

Regulation via the relevant harmonised European Standards) and has assessed the end 

product’s suitability for use in construction works in accordance with the relevant Standard 

Recommendations.  In Ireland, since the publication of S.R. 325: 201326 manufacturers of 

concrete blocks are recommended to have third party oversight by a Factory Production 

Control Certification body.  The recently published version of S.R. 16: 201627 endorses the 

benefits of third party oversight and recommends that manufacturers of aggregates for 

concrete have factory production control certification in place by December 2017. 

 

Compliance with the mandatory harmonised standards for construction products needs to be 

adequately enforced. In this regard, the Panel advocates that market surveillance authorities 

be sufficiently resourced with dedicated units which would have, among other things, 

available expertise in the quarrying sector to provide effective enforcement nationwide.  In 

tandem with enhanced market surveillance, manufacturers and their representative bodies 

will have a lead role to play in ensuring that they have the knowledge and expertise 

necessary to ensure they meet their legal requirements under the Construction Products 

Regulation and their products will be fit for the purpose. 

 

 

                                                            
26 S.R. 325:2013+A1:2014 Recommendations for the design of masonry structures in Ireland to Eurocode 6. 
27 S.R. 16:2016 Guidance on the use of I.S. EN 12620:2002 +A1:2008 - Aggregates for concrete. 
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4.0 Introduction 
In response to the terms of reference: -  

 

“(i) To identify, insofar as it is possible, the numbers of private dwellings which appear to 

be affected by defects in the blockwork in the Counties of Donegal and Mayo”,  

 

this chapter discusses the findings of the Panel’s desktop study and consultation with 

stakeholders. 

 

The Panel endeavoured, in so far is practicable, to quantify the known scale of the problem 

to date based on information presented to the Panel by affected stakeholders.  The Panel 

also estimated the number of private dwellings that potentially may be affected. 

 

 

4.1 Information gathering 
The Panel undertook an extensive stakeholder consultation exercise (see Chapter 2).  

Information on dwellings exhibiting structural distress manifesting primarily as a particular 

pattern of external wall cracks were collated from various sources28 including: -  

 

 home owners/ home owner representatives;  

 

 public representatives;  

 

 local authorities;  

 

 house guarantee providers;  

 

 builders; and  

 

 stakeholders. 

 

                                                            
28 See Appendix 1 for full list of individuals / companies who met with the panel. 
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For the purposes of establishing the scale of the problem, this enabled the Panel to form a 

general profile of: -  

 

 the general locations of affected dwellings;  

 

 whether affected dwellings were one-off or scheme houses; and  

 

 the year(s) of construction. 

 

 

4.2 Evaluation of information received 
The Panel evaluated the information received, taking the following into consideration: -  

 

a) it is not within the Panel’s remit to apportion blame for the cause of the building defects 

as the determination of civil liability is ultimately a matter for the courts;  

 

b) for the purposes of estimating the scale of the problem, the Panel accepted at face 

value, from the informed sources, the identification of private houses exhibiting 

structural distress primarily manifesting as a particular pattern of external wall cracks.  

The Panel conducted an appraisal of any associated technical reports supporting the 

information received.  It was not in the Panel’s remit to commission testing to verify the 

cause of the defects claimed in these reports;  

 

c) the Panel acknowledges that there has been reluctance by some key stakeholders to 

share information due to commercial sensitivities and for reasons of litigation.  

Therefore, the figures presented in this chapter are reflective of the level of knowledge 

available up to 31 December 2016 and does not rule out the possibility of additional 

knowledge becoming available in the future;  

 

d) where private dwellings which formed part of a housing estate were brought to the 

attention of the Panel, the Panel counted the total number of private houses in those 

estates as being potentially affected;  

 

e) to establish the upper limit of the number of private dwellings that could conceivably be 

at risk to the problem in the affected Municipal Districts, the Panel mainly referred to 



 
 

 

 
60 

Commencement Notices29 submitted for building control purposes to quantify the 

amount of new build private dwellings built in the same locality where complaints of 

masonry defects were made over the same period.  The Panel satisfied themselves 

that the Commencement Notice data of potential dwellings reflected a real contribution 

to the building stock by cross referencing the Commencement Notice data with the 

Central Statistics Office, census data for the Municipal Districts (where possible) which 

responded to question H.2 “When was your house, flat or apartment first built?” 

 

f) the experience of Donegal County Council’s assessment of the proportion within their 

own social housing stock exhibiting masonry defects primarily manifesting as a 

particular pattern of external wall cracks was taken into account and this ratio was 

applied as a proxy indicator to the private housing stock to estimate the proportion of 

private dwellings that may be affected. 

 

 

4.3 Key Findings – County Donegal 
The following summarises the key findings of the Panel arising from their extensive 

consultation process with various key stakeholders. 

 

4.3.1 Feedback from homeowners and their representatives 
The Mica Action Group advised the Panel that, to the best of their knowledge, there were 

471 individual homeowners who had registered with their group in the belief that their 

dwellings were exhibiting structural distress. 

 

In support of the issue, the Panel received via the Mica Action Group and other 

stakeholders, a total of 63 technical reports (dated 2011 to 2016),  which had been 

commissioned by affected homeowners in addition to other supplementary information 

relevant to the problems their members are facing.  In broad terms, the information provided 

largely consisted of a mixture of reports from consulting engineers (some with and some 

without laboratory reports) as well as a number of isolated laboratory reports. 

 

Figure 4.1 below, shows the general locations (where known) that these reports related to. 

 

                                                            
29 A Commencement Notice is a notification to a building control authority that a person intends to carry out 
works to which the Building Regulations apply. 
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Figure 4.1 General location of affected dwellings (as advised to the Panel) 

 

 
 

 

From review of the reports received, the Panel noted that the affected dwellings were largely 

constructed in the Inishowen / Letterkenny Municipal Districts during the period between 

2000 and 200730, although a significant of number of reports did not indicate any year of 

construction.  See Figure 4.2 for the distribution of reports on affected dwellings per stated 

year of construction. 

 

  

                                                            
30 Two reports indicated that the commencement of the dwelling was 1988 and 2009 respectively. 
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Figure 4.2 Year of construction as referred to in reports received by the Panel 

 

  
 

n = 53  
 

 

4.3.2 Feedback from structural guarantee providers 
The Panel made contact with the two main companies, which provided structural warranties 

on private dwellings, during the period concerned, namely Premier Guarantee and 

HomeBond. 

 

An agent acting on behalf of Liberty Specialist Markets who are the underwriters of the 

Premier Guarantee scheme confirmed that they have very limited involvement in relation to 

claims for dwellings exhibiting structural distress manifesting as a particular pattern of 

external wall cracks in County Donegal and were not in a position to provide any further 
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information to the Panel. It is understood that while the guarantee scheme first commenced 

operations in Ireland in 2002, it is are no longer writing new business in Ireland. 

 

HomeBond advised the Panel that they had received 36 complaints / claims from 

homeowners across 5 estates where structural distress primarily manifesting itself as a 

particular pattern of cracking in the external walls.  These dwellings were registered in the 

period from 2002 to 2008 (inclusive).  The total number of registered dwellings in these 5 

estates amounted to some 327 properties. 

 

4.3.4 Feedback from Donegal County Council 
Donegal County Council advised the Panel that on foot of the issues emerging within their 

social housing stock, their Housing Department undertook an assessment of their total social 

housing stock for dwellings exhibiting structural distress primarily manifesting as a particular 

pattern of external wall cracks in both the Inishowen and Letterkenny Municipal Districts. 

 

The total social housing stock within the Inishowen Municipal District consists of 1,117 

dwellings.  Donegal County Council advised the Panel that some 400 social housing units 

constructed between 1990 and 2011 were exhibiting structural distress primarily manifesting 

as a particular pattern of external wall cracks.  A total of 777 social housing units from the 

overall stock were built during this period.  While many years displayed singular digit figures 

for affected dwellings, the majority (334) were constructed between 2000 and 2008 

(inclusive).  The total number of social housing units built between 2000 and 2008 (inclusive) 

was 563.  Therefore, approximately 60% of social housing stock built in the Inishowen 

Municipal District between 2000 and 2008 appears to be affected. 

 

The total social housing stock located within the Letterkenny Municipal District amounts to 

1,270 dwellings.  Donegal County Council advised the Panel that some 141 social housing 

units constructed between 1998 and 2011 were exhibiting structural distress primarily 

manifesting as a particular pattern of external wall cracks.  A total of 712 social housing units 

from the overall stock were built during this period.  While many years displayed singular 

figures, the majority (112) were constructed between 2000 and 2008 (inclusive).  The total 

number of social housing units built between 2000 and 2008 (inclusive) was 488 dwellings.  

Therefore, 23% of social housing stock built in Letterkenny Municipal District between 2000 

and 2008 appears to be affected. 
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4.4 Discussion 

While the Panel engaged in an extensive consultation, see Chapter 2, to estimate the scale 

of the problem in real terms, it was not possible to accurately predict exactly how many 

concrete block-built private dwellings may be affected by structural distress primarily 

manifesting as a particular pattern of external wall cracks, beyond those which have already 

been reported to the Panel.  The Panel accept that some homeowners are reluctant to 

declare an issue due to commercial, insurance or legal sensitivities or even simply just lack 

of awareness of the defect. 

 

Commencement Notices reflecting a potential 10,600 private dwellings the Inishowen and 

Letterkenny Municipal Districts were notified to Donegal County Council between 2000 and 

2008.  The Panel do not believe that all of these dwellings are affected due to the multiple 

variables such as the utilisation of different builders, block suppliers, variable quality of 

workmanship employed, local exposure conditions of the dwelling etc. 

 

Mica Action Group advised the Panel that 471 homeowner’s dwellings were exhibiting 

structural distress manifesting primarily as a particular pattern of external wall cracks as at 

31 December 2016.  The MICA Action Group also identified 28 estates within which 

dwellings registered by their Members were located.  The cumulative total number of 

dwellings in these 28 estates is approximately 975. 

 

Taking into consideration the geographical distribution of technical reports on affected 

dwellings throughout the Inishowen and Letterkenny Municipal Districts (see Figure 4.1), the 

Panel consider that there appears to be a greater probability of affected dwellings being 

located in the Inishowen Municipal District than the Letterkenny Municipal District. 

 

This distribution of technical reports received by the Panel somewhat correlates with the 

experience of Donegal County Council, where 60% of social housing stock built between 

2000 and 2008 appears likely to be affected in the Inishowen Municipal District as opposed 

to 23% in Letterkenny Municipal District. 
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4.5 Conclusions 

Table 4.1 summarises the key findings regarding the scale of the problem in County 

Donegal: -  

 

 the MICA Action group have identified 28 estates in which they advise may have 

affected dwellings;  

 

 the total number of homes in these estates is approximately 975 dwellings;  

 

 MICA Action Group Membership advise that approximately 50% of their membership 

relates to one off houses (i.e. 236 dwellings). 

 

On that basis the Panel estimate that the minimum potential number of private homes 

affected is likely to be approximately 1,200 dwellings, (i.e. 236 + 975). 

 

However, applying the experience of Donegal County Council regarding affected social 

housing units (60% Inishowen Municipal District and 23% Letterkenny Municipal District), the 

Panel estimate that there may be as much as 4,800 private dwellings potentially affected. 

 

Based on the information available as of 31 December 2016, the Panel cannot be more 

definitive in their estimation. 
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Table 4.1 Summary of Expert Panel’s findings for private dwellings in North 
County Donegal 

Item Description 
Number of 

Private 
Dwellings 

1. 
Number of private dwellings affected as advised by the Mica Action Group 

(MAG)1 
471 

2. 
Total number of private dwellings on 28 housing estates as advised by MAG 

(31 December 2016) 
975 

3. 
Number of private dwellings with relevant complaints / claims were made to 

HomeBond2 
36 

4. 
Total number of private dwellings on estates where a complaint / claim was 

made to HomeBond3 
327 

5. 

Number of private dwellings in the Inishowen and Letterkenny Municipal 

Districts for which a Commencement Notice4 was lodged between 2000 and 

2008 

10,6005 

6. 
Estimate of the minimum potential number of private dwellings likely to be 

affected (see 4.5) 
1,200 

7. 

Estimate of the potential number of private dwellings that may be affected 

(using Donegal County Council’s experience of affected social housing units 

as a proxy indicator)6 

4,8006 

Notes: 
1. Based on a survey conducted by the Mica Action Group. 

2. HomeBond registrations for County Donegal between 2000 and 2008 (inclusive) averaged 34% of private 

housing completions in County Donegal for the same period. 

3. There were 5 housing estates where a complaint / claim was made regarding structural distress primarily 

manifesting as a particular pattern of external wall cracks. 

4. A Commencement Notice is a notification to a Building Control Authority that a person intends to carry out 

works to which the Building Regulations apply. 

5. There is no evidence to suggest all of these dwellings are affected (See 4.4). 

6. [Inishowen Municipal District Commencement Notices x 0.6] + [Letterkenny Municipal District 

Commencement Notices x 0.23] = approximately 4,800 private dwellings (2000 - 2008). 
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4.6 Key Findings – County Mayo 
The following summarises the key findings of the Panel arising from their extensive 

consultation process with various key stakeholders. 

 

4.6.1 Feedback from homeowners and their representatives 
Over the course of the consultation process, a total of 45 homeowners advised the Panel 

that their dwellings were exhibiting structural distress manifesting as a particular pattern of 

external wall cracks.  This figure represents homeowners of 30 one-off dwellings and 15 

homeowners from 9 estates.  The total number of dwellings on these 9 estates is 315 

dwellings. 

 

Homeowners provided the Panel with technical reports (dated 2010 to 2016), in respect to 

17 dwellings.  A further 16 homeowners provided supporting evidence by means of 

photographs. 

 

Figure 4.3 below, shows the general locations (where known) that these reports and 

photographs related to. 
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Figure 4.3 General location of affected dwellings (as advised to the Panel) 

 

 
 

 

In general, from review of the reports received, the Panel were advised that the affected 

dwellings were largely constructed in the period between 2000 and 200631, although a 

significant of number of reports did not indicate any year of construction.  See Figure 4.4 

overleaf for the distribution of affected private dwellings in County Mayo. 

 

  

                                                            
31 Two reports indicated that the commencement of the dwelling was 1998 and one report indicated 1999. 
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Figure 4.4 Year of construction as referred to by homeowners 

 

  
 

n = 45 
 

 

4.6.2 Feedback from guarantee providers 
The Panel made contact with the two main companies, which provided structural warranties 

on private dwellings, during the period concerned, namely Premier Guarantee and 

HomeBond. 

 

An agent acting on behalf of Liberty Specialist Markets who are the underwriters of the 

Premier Guarantee scheme confirmed that they have very limited involvement in relation to 

claims for dwellings in County Mayo and were not in a position to provide any further 

information to the Panel. 

 

HomeBond advised that they had received 15 claims from homeowners across 6 estates; 

these dwellings were registered in the period between 2000 and 2006 (inclusive).  The total 

number of registered dwellings in these 5 estates amounted to some 120 properties. 
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4.6.3 Feedback from Mayo County Council 
Mayo County Council advised the Panel that 17 of their social housing units were exhibiting 

structural distress manifesting as a particular pattern of external wall cracks.  These are 

located on three estates and are located in the north west of the county.  These dwellings 

were constructed between 2000 and 2002. 

 

Mayo County Council advised the Panel that a total of 277 social housing units were built in 

the period between 2000 and 2006. 

 

 

4.7 Discussion 
Similar to County Donegal, it was not possible to accurately predict exactly how many 

private dwellings may be affected by structural distress primarily manifesting as a particular 

pattern of external wall cracks, beyond those already reported to the Panel.  The Panel 

accept some homeowners are reluctant to declare an issue due to commercial, insurance or 

legal sensitivities or even simply just lack of awareness of the defect. 

 

The geographical distribution of reported private dwellings appears to be confined to the 

north / north west area of County Mayo, bridging the West Mayo and Ballina Municipal 

Districts respectively (See Figure 4.2). 

 

Mayo County Council advised the Panel following an assessment of its own social housing 

stock that their experience of the problem is limited to north-west Mayo.  At the time of 

writing this report, there were no indications of any problems within the Council’s social 

housing stock in the Ballina Municipal District or elsewhere. 

 

From analysis of the locations of reported incidences in County Mayo, the Panel is of the 

view that the geographical area affected is confined to the north / north-west of the county as 

indicated by the dashed red line in Figure 4.2.  Accordingly, Commencement Notices notified 

to Mayo County Council between 2000 and 2006 reflects approximately 3,600 private 

dwellings in this geographical area.  The Panel do not believe that all of these dwellings are 

affected due to multiple variables such as the utilisation of different builders, block suppliers, 

variable quality of workmanship employed, local exposure conditions etc. 
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While the information on affected social housing units as provided by Mayo County Council 

was examined, it was not considered statistically viable to extrapolate a proxy indicator 

which could be applied to the private dwelling stock due to small sample size, limited 

timeframe of construction and narrow geographical spread of affected dwellings.  In the 

absence of this and other relevant information, the Panel deem it not possible to be more 

definitive at this point in time. 

 

The indication of a problem comes from the homeowners / home owner representatives who 

advised the Panel that 93 homeowners on 7 housing estates comprising some 345 dwellings 

were exhibiting structural distress manifesting primarily as a particular pattern of external 

wall cracks. 

 

 

4.8 Conclusions 
Table 4.2 summarises the key findings on the estimated scale of the problem in County 

Mayo: -  

 

 the Mayo Pyrite Group (93 Members) have identified 7 estates in which they advise 

may have affected dwellings;  

 

 the total number of dwellings in these estates is 315;  

 

 there are an additional 30 one-off houses identified. 

 

On that basis the Panel estimates that the minimum potential number of private dwellings 

likely to be affected is approximately 345, (i.e. 315 + 30). 

 

Based on the information available as of 31 December 2016, the Panel cannot be more 

definitive than this in their estimation. 
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Table 4.2 Summary of Expert Panel’s findings for North/ North West County Mayo 

Item Description 
Number of 

Private 
Dwellings 

1. 
Number of one-off private dwellings affected as advised to Panel by 

homeowners 
30 

2. 
Total number private dwellings on estates where an affected dwelling was 

advised to the Panel1 315 

3. 
Estimate of the minimum potential number of private dwellings likely to be 

affected (see 4.8) 
345 

4. 
Number of private dwellings where relevant complaints / claims were made to 

HomeBond2 
15 

5. 
Total number of private dwellings on estates where a complaint / claim was 

made to HomeBond3 
120 

Notes:  
1. 15 homeowners on 9 estates advised the Panel that their dwellings were exhibiting structural distress 

primarily manifesting as a particular pattern of external wall cracks. 

2. HomeBond registrations for County Mayo between 2000 and 2006 (inclusive) averaged 41% of private 

housing completions in County Mayo for the same period. 

3. There were 6 housing estates where a claim was made regarding structural distress primarily manifesting 

as a particular pattern of external wall cracks. 
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5.0 Introduction 
In response to the terms of reference: -  

 

“(iii) to outline a range of technical options for remediation and the means by which those 

technical options could be applied by the affected homeowners in a manner that 

delivers cost effective and satisfactory outcomes for those homeowners”,  

 

this chapter discusses the opinion of the Panel with regards to a practical approach to 

diagnosing the problem and feasibility of application of technical solutions. 

 

 

5.1 Establishing the cause of the problem 
As discussed in Chapter 2, any forensic analysis of the construction defect should address 

the following three key areas: -  

 

a) Design;  

 

b) Product; and  

 

c) Workmanship. 

 

Construction defects may be caused by any one of these or a combination of more than one.  

To enable the most appropriate solution to be applied, correct diagnosis by a competent 

professional regarding the cause of the structural defect is paramount. 

 

 

5.1 Professional Advice 
If homeowners suspect that they may have structural distress exhibiting primarily as cracks 

in a particular pattern to the external walls, the Panel recommends that homeowners seek 

the advice of a competent professional. 
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5.2 Remediation approaches encountered by the Panel 
The Panel was advised of several instances where homeowners have conducted or 

commissioned remediation works to dwellings exhibiting structural distress primarily 

manifesting as cracks in a particular pattern to the external walls.  This section describes the 

remediation approaches adopted and discusses the varying degrees of success. 

 

5.2.1 Remediation approaches encountered – County Donegal 
The following remediation approaches were encountered by the Panel in County Donegal. 

 

5.2.1.1 Remove cracked render and reinstate 
This remediation approach was generally applied to an affected external wall of the dwelling 

rather than the entire dwelling and involved removal of the existing render from the external 

walls where cracking had expressed itself.  Depending on the condition of the concrete 

blockwork behind, decisions were taken whether (or not) the concrete blocks needed to be 

removed and replaced32. 

 

In at least one private house, the Panel was made aware that the cracking re-appeared 

shortly after this remediation approach was applied to a gable end only.  The Panel was 

advised that the homeowner was considering re-rendering for a second time. 

 

5.2.1.2 Replacement of the external leaf only (down to DPC level) and re-render 
This remediation solution was applied to a gable external wall of the dwelling (see paragraph 

2.7.1). 

 

5.2.2 Remediation approaches – County Mayo 
5.2.2.1 Remove cracked render and reinstate 
This remediation measure involved removal of the existing render from the external walls 

and re-rendering incorporating expanded metal mesh for reinforcement.  Depending on the 

condition of the concrete blockwork behind, decisions were taken whether (or not) the 

concrete blocks needed to be removed and replaced.  In instances where this approach had 

been employed by homeowners, the Panel was made aware that the cracking re-appeared 

shortly after the remediation solutions were applied. 

 
                                                            
32 Case Study: Remedial works to external cavity walls, social housing scheme, Letterkenny - John McCarron of 
Donegal County Council 05 April 2016, See link: http://www.engineersjournal.ie/2016/04/05/remedial-works-to-
external-cavity-walls-letterkenny/. 
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5.2.2.2 Replacement of the external leaf only (down to DPC level) and re-render 
While the panel did not encounter this remedial approach, they were informed anecdotally 

that this had been successfully applied to a dwelling affected by pyritic concrete blocks 

dating back to circa 1998. 

 

5.2.2.3 Replacement of both the inner and external leaf (to top of foundation level) 
One homeowner of a two-storey dormer replaced both inner and external leafs (to top of 

foundation).  This was conducted on a phased basis and involved elaborate temporary 

works. 

 

5.2.2.4 Application of an external wall insulation system 
This remediation approach involving the fixing of external wall insulation (EWI) system to a 

two story detached house was encountered.  This remediation option involved the fixing of 

approximately 25 mm external wall insulation to the external leaf with mechanical fixings and 

rendering with an impervious certified render system.  The Panel was advised that the 

engineer involved, while satisfied that the solution would minimise the problem recurring, 

could not guarantee its long-term success. 

 

 

5.3 Discussion 
From an evaluation of the reports received, the Panel noted the differing engineering 

approaches adopted to diagnose the cause of the problem.  Where laboratory testing was 

carried out, there were often differences with regards to the suite of laboratory tests 

conducted and the conclusions that can be drawn from these. 

 

Apart from paragraphs 5.2.1.1 and 5.2.2.1, the Panel is not aware that the remediation 

approaches applied by, or on behalf of, homeowners have resulted in any further structural 

problems to the remediated works, nor are they aware that specific measures taken have 

successfully overcome any insurance, future conveyancing issues. 

 

 

5.4 Conclusions 
The Panel considers that each dwelling should be assessed by a competent professional on 

a case by case basis to establish whether (or not) the structural distress is attributable to 

harmful impurities in the concrete block.  On the basis of this assessment by a competent 
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professional, the Panel outlines a suite of technical solutions they considered in Tables 5.1 

and 5.2 overleaf, along with the pros and cons of each. 
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Table 5.1 Technical options for remediation of affected dwellings – County 
Donegal 

Option 
No. Description Pros Cons 

1. 

Demolish entire 
dwelling to 
foundation level and 
rebuild. 

 Removal of all concrete 
blocks susceptible to 
deterioration. 

 
 Sign off of works by a 

competent professional, 
without reservation is 
possible. 

 This is the most expensive remediation 
option. 

 
 Longest programme duration and may 

involve making a planning application. 
 
 Alternative accommodation will be required 

for duration of works. 

2. 

Demolish and 
rebuild external 
walls (both outer 
and inner leafs) 
down to foundation 
on a phased basis 
and re-render. 

 10% to 25% less 
expensive than Option 1. 

 
 Sign off of works by a 

competent professional 
without reservation is 
possible. 

 Elaborate temporary works necessary. 
 
 Alternative accommodation will be required 

for duration of works. 

3. 

Demolish and 
rebuild external 
walls (both outer 
and internal leafs) 
down to top of rising 
wall on a phased 
basis and re-render. 

 15% to 30% less 
expensive than Option 1. 

 
 Sign off of works by a 

competent professional 
may be possible. 

 Detailed assessment of the condition of any 
retained rising wall (above and below DPC 
level) required. 

 
 Elaborate temporary works necessary. 
 
 Possible reservations to sign-off regarding 

long term durability of rising walls. 
 
 Alternative accommodation will be required 

for duration of works. 

4. 

Demolish and 
rebuild external 
walls (outer leaf 
only) down to top of 
rising wall on a 
phased basis and 
re-render. 

 70% to 75% less 
expensive than Option 1. 

 
 Occupant relocation may 

not be necessarily 
essential. 

 
 Sign off of works by a 

competent professional 
may be possible. 

 Detailed assessment of the condition of any 
retained rising wall/ inner leaf (above and 
below DPC level) required. 

5. 

Take down and 
rebuild outer leaf of 
affected walls only 
and re-render. 

 Less expensive than 
Option 4. 
 

 Occupant relocation not 
necessary. 

 Detailed evaluation of the retained rising 
wall / inner leaf (above and below DPC 
level) required. 

 
 Reluctance to sign-off by competent 

professionals. 
 
 Problems may emerge in other walls. 

Notes:  
The cost comparison presented in the Table 5.1 is based on a preliminary costing commissioned by the Panel 

for: -  

a) a Dormer Bungalow, 3 Bedroom, 2,021 sq.ft, and  

b) a Two Storey, 4 Bedroom, 15,20 sq.ft. 

Other technical solutions may exist. 
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Table 5.2 Technical Options for remediation of affected dwellings – County 
Mayo 

Option 
No. Description Pros Cons 

1. 
Demolish entire 
dwelling and 
rebuild. 

 Removal of all concrete 
blocks susceptible to 
deterioration. 

 
 Sign off of works by a 

competent professional, 
without reservation is 
possible. 

 This is the most expensive remediation 
option. 

 
 Longest programme duration and may 

involve making a planning application. 
 
 Alternative accommodation will be required 

for duration of works. 

2. 

Demolish and 
rebuild external 
walls (both outer 
and internal leafs) 
down to foundation 
on a phased basis 
and re-render. 

 10% to 25% less 
expensive than Option 1. 

 
 Sign off of works by a 

competent professional 
without reservation may be 
is possible. 

 Elaborate temporary works necessary. 
 
 Alternative accommodation will be required 

for duration of works. 

3. 

Demolish and 
rebuild external 
walls (both outer 
and internal leafs) 
down to top of rising 
wall on a phased 
basis and re-render. 

 15% to 30% less 
expensive than Option 1. 

 
 Sign off of works by a 

competent professional 
may be possible. 

 Detailed assessment of the condition of any 
retained rising wall (above and below DPC 
level) required. 

 
 Elaborate temporary works necessary. 
 
 Possible reservations to sign-off regarding 

long term durability of rising walls. 
 
 Alternative accommodation will be required 

for duration of works. 

4. 

Demolish and 
rebuild external 
walls (outer leaf 
only) down to top of 
rising wall on a 
phased basis and 
re-render. 

 70% to 75% less 
expensive than Option 1. 

 
 Occupant relocation not 

necessary.  
 

 Detailed assessment of the condition of any 
retained rising wall / inner leaf (above and 
below DPC level) required. 

 
 Reluctance to sign-off by competent 

professionals. 
 
 Problems may emerge in the future of the 

inner leaf. 
Notes:  
The cost comparison presented in the Table 5.1 is based on a preliminary costing commissioned by the Panel 

for: -  

a) a Dormer Bungalow, 3 Bedroom, 2021 sq.ft, and  

b) a Two Storey, 4 Bedroom, 1520 sq.ft. 

Other technical solutions may exist. 
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6.0 Introduction 
This chapter outlines the conclusions of the Panel and associated recommendations which 

they consider are necessary to deal with the current problem and to limit any such future 

problems arising with house construction. 

 

The conclusions and observations of the Panel are based substantially on the information 

provided to it by affected homeowners and industry representatives and references to 

published material relevant to the issue. 

 

6.1 Conclusions 
The Panel acknowledges the distressing and stressful situations which many affected 

homeowners in Donegal and Mayo are facing due to the problems that have emerged in the 

concrete blockwork of their homes.  However, as set out in their terms of reference, it is not 

within the Panel’s remit to apportion legal liability for the problems nor was the Panel 

established under legal statute with powers to compel people to appear before it and to enter 

into the legal system and matters pertaining to the courts.  The determination of civil liability 

in individual cases is a matter for adjudication of the courts.  While the Panel was made 

aware that a number of legal cases may be pending in the courts, it was not made aware of 

any cases which had been heard and any judgements made. 

 

The Panel concludes that the nature of the problem is manifested primarily by the 

disintegration of the concrete blocks used in the construction of the affected dwellings in 

Counties Donegal and Mayo which in turn results in a pattern of cracking in the external 

render of these dwellings. The affected dwellings are single storey, dormer and two storey in 

estates and one-off rural types and were constructed by contract and by self-build. 

 

Based on information received, the Panel is of the opinion that the reason for the widespread 

pattern cracking in private dwellings in Counties Donegal and Mayo is primarily due to the 

excessive amount of deleterious materials in the aggregate used to manufacture the 

concrete blocks.  The deleterious material in County Donegal was primarily muscovite mica 

while in County Mayo it was primarily reactive pyrite. 

 

The problem was exacerbated by the severe exposure of many of these dwellings and the 

ingress of moisture into the concrete blocks which was possibly accelerated by the extreme 

weather conditions in winter 2009 / 2010 and late winter 2010. 
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In County Donegal the ingress of moisture into the concrete blocks, aided by the presence of 

more than normal amounts of muscovite mica, and the subsequent freeze thaw action which 

the concrete blocks were unable to withstand is likely to have led to the disintegration of the 

concrete blocks and the pattern of the associated render cracking. 

 

In County Mayo the ingress of moisture possibly caused a chemical reaction with the 

reactive pyrite in the concrete blocks resulting in the expansion and disintegration of the 

blocks and the pattern of cracks in the associated render. 

 

The Panel is satisfied that, while the render may have been less than satisfactory in some 

situations, no traditional render is 100% impervious, and it is likely that any traditional render 

would not have prevented the problems occurring. 

 

The Panel is not in a position to accurately quantify the number of affected dwellings due to 

limited information made available to it.  The Panel acknowledges the information provided 

by the Mica Action Group, the Mayo Pyrite Group, both local authorities and the relevant 

stakeholders.  Chapter 4 of this report and its associated Tables 4.1 and 4.2 give the Panel’s 

best assessment of the potential scale of the problem in both counties. 

 

For County Donegal, the Panel estimates that the minimum potential number of private 

homes affected is likely to be approximately 1,200 dwellings.  However, applying the 

experience of Donegal County Council regarding affected social housing units, the Panel 

estimates that there may be as much as 4,800 dwellings potentially affected. 

 

For County Mayo, the Panel estimates that the minimum potential number of private 

dwellings likely to be affected is approximately 345 dwellings.  Based on the information 

available, the Panel cannot be more definitive than this in their estimation. 

 

The Panel suggests that the extractive and concrete products industry assess their onsite 

quality control measures to ensure full compliance with their legal obligations, relevant 

harmonised standards, that their products are always fit for purpose and suitable for the 

conditions in which they are to be used. 
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The Panel supports the provisions of S.I. No. 9 of 2014, which requires that the design and 

construction of buildings is verified during construction through the execution of an 

inspection plan overseen by a registered construction professional (the assigned certifier) 

that enables the builder and the assigned certifier to sign a statutory certificate of compliance 

on completion; this has led to improved compliance with the requirements of the Building 

Regulations.  However, the Panel is concerned regarding the current level of enforcement of 

the Building Control Regulations and the Construction Products Regulation and 

recommends that these roles be strengthened significantly.  The Panel also advocates that 

the opt-out provision for a new single dwelling as provided by S.I. No. 365 of 2015 be 

revoked. 

 

It is clear to the Panel that the affected homeowners, through no fault of their own, are in a 

difficult position with very few, if any, realistic options available in order to obtain redress.  

Ultimately, the Panel’s terms of reference aim to establish the facts, insofar as it is possible 

within the timeframe allowed, behind the problems that have emerged in Counties Donegal 

and Mayo and to outline technical options for addressing the problems identified in order to 

assist affected homeowners.  These matters have been addressed in Chapters 2, 4 and 5 of 

this report.   

 

In this regard, the Panel would like to thank everyone who provided engineering / laboratory 

reports to assist the Panel in its deliberations and to all those who met with it over the course 

of 2016.  The Panel hope that this report will provide some assistance to affected 

homeowners and other interested parties in their efforts to bring a satisfactory resolution for 

all concerned. 

 

 

6.2 Recommendations 
The Panel’s remit is one of a technical nature.  In this regard, the recommendations 

contained below are listed in two broad categories: -  

 

(i) providing technical guidance to homeowners; and  

 

(ii) preventing the problem from recurring again. 
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6.2.1 Providing technical guidance to homeowners 
The Panel makes the following recommendations aimed to provide technical guidance to 

homeowners. 

 

6.2.1.1 Testing and categorisation of damage 
The Panel noted from the technical reports provided, that the investigations into the issues 

was approached by professionals with varying degrees of consistency.  Some reports 

diagnosed the problems based on a visual inspection, while others included various 

laboratory tests.  The Panel is aware of the financial outlay many homeowners in Counties 

Donegal and Mayo have made to date through commissioning engineering / laboratory tests 

as they attempt to establish the cause of the defects. 

 

In this regard, the Panel recommends that a simple standardised protocol to assess and 

categorise the damage and to establish the likely cause should be developed at the earliest 

opportunity.  The protocol should include a suite of the minimum laboratory tests required to 

facilitate an informed judgement to be made by a competent professional regarding the 

appropriate remediation works to be applied. 

 

Recommendation 1 – Testing and Categorisation Protocol 

 

The Panel recommends that: -  

 

a simple standardised protocol should be developed to -  

 

(a) assess and categorise the damage;  

 

(b) establish the extent of the problem; 

 
(c) identify the scope of any testing required; and 

 

(d) aid selection of an appropriate remedial solution. 

 

Action:  National Standards Authority of Ireland 
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6.2.1.2 Competent Professional Oversight 
Where homeowners are concerned that due to structural distress in their home there may be 

a risk to Health and Safety, the Panel recommends that advice be sought from a competent 

professional. 

 

Where remediation works are proposed to an affected dwelling, the works should be 

designed and inspected by a competent registered professional.  The competent 

professional should seek to be assured that all specified materials are fit for purpose and 

that all workmanship complies with relevant standards in order to facilitate certification of 

works.  This will reduce the risk of building defects arising again. 

 

Recommendation 2 - Competent Professional Oversight 

 

The Panel recommends that: 

 

(a) the homeowners seek the advice of a competent professional where concerns 

regarding Health and Safety arise, and 

 

(b) the design and inspection of any proposed remedial works to affected dwellings be 

monitored by a competent professional. 

 

Action: All affected parties 

 

6.2.2 Preventing the problem from recurring again 
While the recommendations contained within the following sections may reduce the number 

of incidents of defective products that may arise in the future from the extractive and 

concrete products industry, they do not resolve the current difficulties for the affected 

homeowners in Counties Donegal and Mayo. 
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6.2.2.1 Strengthen building control arrangements 
The Panel views the introduction of the opt out for new single dwellings, on a single 

development, as provided for in the Building Control (Amendment) (No. 2) Regulations 2015 

(S.I. No. 365 of 2015) as a retrograde step that may contribute to further building failures 

such as those experienced in Counties Donegal and Mayo. 

 

Recommendation 3 – Strengthen Building Control Arrangements 

 

The Panel recommends that: -  

 

the opt-out facility afforded to homeowners of a new single dwelling, on a single unit 

development as provided by the Building Control (Amendment) (No. 2) Regulations 2015 

(S.I. No. 365 of 2015) should be reviewed with a view to removing that provision. 

 

Action: Department of Housing, Planning, Community and Local Government. 

 

The Panel is in support of more independent meaningful on-site risk based inspections and 

enforcement by building control personnel which is required to ensure that greater 

compliance with the Building Regulations is secured as a necessary check and balance of 

the self-certification system.  In this regard, building control authorities should be adequately 

resourced to facilitate increased inspection activity on the ground. 

 

Recommendation 4 – Building Control Inspections 

 

The Panel recommends that: -  

 

the number of inspections by building control be increased to support greater compliance 

with the Building Regulations. 

 

Action: Local authorities, County and City Management Association. 
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6.2.2.2 Strengthen market surveillance of construction products 
While the manufacturers of construction products remain responsible for the declared 

performance of the products that they place on the market, the Panel is of the view that 

reactive market surveillance is not sufficient to guarantee consumer protection.  In light of 

the problems with pyritic heave on the east coast of Ireland and now with the emergence of 

problems in concrete blocks in Counties Donegal and Mayo, there appears to be a 

significant amount of building defects arising from quarried materials.  In this context, it is 

recognised that there needs to be a move towards proactive risk based market surveillance.  

 

Recommendation 5 – Strengthen market surveillance of construction products 

 

The Panel recommends that: -  

 

market surveillance authorities be sufficiently resourced with dedicated units which would 

have, among other things, available expertise in the extractive and manufacturing sectors to 

provide more effective enforcement nationwide of construction products legislation. 

 

Action: Department of Housing, Planning, Community and Local Government, local 

  authorities. 
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6.2.2.3 Update relevant Technical Guidance Documents 
The Panel notes that Technical Guidance Document C (2004 edition) is now 13 years old 

and it is considered timely to undertake a full review of requirements in relation to the 

exclusion of moisture in masonry walls in light of changes in standards, construction 

technology and practice over the intervening period. 

 

Recommendation 6 – Review Part C of the Building Regulations 

 

The Panel recommends that: -  

 

a full review of Part C (Site Preparation and Resistance to Moisture) of the Building 

Regulations and the associated Technical Guidance Document C be undertaken. 

 

Action: Department of Housing, Planning, Community and Local Government. 

 

6.2.2.4 Competency scheme for construction skillsets and Industry awareness 
initiatives 

During their site visits to Counties Donegal and Mayo, the Panel observed instances of 

deviation from standards and good practice in particular relating to external render 

specification and makeup.  Given the critical importance of render in areas of severe 

exposure, there needs to be a focus on the competency of operatives engaged in the 

application of render and render systems.  

 

In tandem with the recommended strengthening of market surveillance (see 6.2.2.2), 

manufacturers and their representative bodies have a lead role to play in ensuring that they 

have the knowledge and expertise necessary to ensure they meet their legal requirements 

under the Construction Products Regulation and their products will be fit for the purpose.  

Enhanced education and the provision of information by industry bodies is required to 

improve, maintain technical knowledge and awareness of their legal obligations under the 

Construction Products Regulation and the harmonised European standards thereunder. 
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Recommendation 7 – Minimum competency scheme for construction skillsets and 
Industry awareness initiatives 

 

The Panel recommends that: -  

 

(a) a minimum competency scheme be established by industry to ensure best practice in 

external render application;  

 

(b) education and training in the form of detailed industry guidance, seminars etc. be 

developed in support of good practice in house construction and the correct 

specification of construction products. 

 

Action: Solas, Construction Industry Federation, Irish Home Builders   

  Association, Irish Concrete Federation. 

 

6.2.2.5 Research 
Over the course of the Panel’s investigation, it was noted that while there appears to be a 

significant body of research available on the effects of muscovite mica and pyrite in 

concrete, further research should be undertaken to learn from legacy failures in the built 

environment and evaluate whether (or not) the findings from this research could lead to 

technical advancement of standards. 

 

Recommendation 8 – Further Research 

 

The Panel recommends that: -  

 

due to legacy failures involving construction products, in spite of the current knowledge, 

further research should be undertaken to gain a greater understanding of the effects of pyrite 

and excessive amounts of muscovite mica in concrete blocks in order to avoid future 

adverse effects in buildings. 

 

Action: Irish Centre for Research in Applied Geosciences (iCRAG) 
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Appendix 1 

 

 
List of persons / organisations who met with the Panel 

 

1. Affected Homeowners (Donegal) 

 

2. Affected Homeowners (Mayo) 

 

3. Banking and Payments Federation Ireland 

 

4. Construction Industry Federation / Irish Home Builders Association 

 

5. Damian McKay, Consulting Engineer 

 
6. Department of Housing, Planning, Community and Local Government 

 

7. Donegal County Council (elected members) 

 

8. Donegal County Council (officials) 

 

9. Dr. Robbie Goodhue 

 

10. Geological Survey of Ireland 

 

11. HomeBond 

 

12. Technical team on the problems in Donegal 

 

13. Insurance Ireland 

 

14. Irish Concrete Federation 

 

15. Mayo County Council (elected members) 

 

16. Mayo County Council (officials) 

 



 

 

 
 

17. Met Éireann (Seamus Walsh) 

 

18. National Standards Authority of Ireland 

 

19. Public Representatives 

 

20. Representatives from Mica Action Group 

 

21. Representatives from Mayo Pyrite Group 
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Reports from Met Eireann on the exceptional weather events of 

winter 2009/2010 and winter 2010. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Report on the  weather conditions of November and December 2009,  and 

January 2010, in the Inishowen area of north County Donegal and 

Belmullet are of northwest County Mayo 

This report has been compiled using Met 
Éireann records from synoptic weather stations 
at Malin Head, Belmullet and Knock Airport, 
and a selection of climatological stations at 
Letterkenny and Glenties in County Donegal; 
and Ballina, Straide and Belderrig in County 
Mayo. Coastal areas are generally several 
degrees warmer than inland sites, and the 
differences can be even greater during severe 
cold spells, this is mentioned text and illustrated 
in the selection of station graphs in Appendix I. 

1 Nature of Weather event 

Atlantic depressions passing close to Ireland brought wet and windy conditions throughout 
almost all of November, continuing a pattern of very unsettled weather over Ireland that 
began in mid-October. Persistent and often heavy rain over this period led to unprecedented 
levels of flooding in parts of the west and south, as ground conditions became saturated. 
Rainfall totals for November were the highest on record at most stations, including the long-
term station at Malin Head.  

November and the early part of December was mild, there was a change to much colder 
conditions after mid-month, bringing severe frost and falls of snow in places. Mean air 
temperatures for the month were below normal everywhere, by around two degrees generally. 
The cold spell continue for the first 10 days of January 2010, after which temperature 
returned to near normal values. 

2 Historical Context  

Previous cold spells of similar depth and duration had occurred in 1947 and 1963, the return 
period is approximately 1 in 25-30 years for the cold spell. While nationally the rainfall of 
November was record breaking, in both the Inishowen and Belmullet areas rainfall was not as 
exceptional with return periods between 5 and 50 years. 

3 Comparison with 2000’s 

The rainfall of November 2009 was exceptional, however it was exceeded by the rainfall 
totals of December 2015 with broke long term national records for monthly totals. The 
temperature in December and 2009 and January 2010, with the exception the months of 
November and December 2010 were 2-4 degrees below average temperatures in the 2000’s 



(See appendix I), and both these cold spells were significantly colder and of longer duration 
that any sell of cold weather since 2000. 

4 Weather Diary:  No of rain/wet days prior to cold spell, duration of cold spell. 

The 2009/2010 cold spell lasted approximately 30 days from 12/13th December 2009 to 
10/11th January 2010 (defined by first two consecutive days will minimum air temperature 
below zero to last two consecutive days will minimum air temperature below zero) 

In November the number of raindays (>0.2 mm) was between 28 and 30 (Long term average 
22-24 days), while the number of wet days (>1 mm day) was between 23 and 27 (Long term
average 18-21 days), while the number of wet days in December prior to the commencement
of the cold spell was 9-11 days.

5 Consecutive days with air temperature remained below zero 

In the 2009/2010 cold spell there were only one or two isolated ice days at inland stations 
(days with max & minimum below zero) 

6 Average range of daily temperature during the cold spell (see also appendix 1) 

During the cold spell maximum temperature ranged 2-5 degrees Celsius (higher at the start, 
6-9 degrees), minimum temperatures mostly between -2 and -6 degrees Celsius, but colder 
between 23 to 27 December and 7 to 10 January (-7 to -11). Inland areas were significantly 
colder .

7  Maximum temperature range in one day 

The daily range of temperature (maximum minus minimum) ranged between 2 and 12 
degrees Celsius, but mostly was between 4 and 8 degrees. The maximum range occurred on 
14th December 2009 at 13 or14 degrees Celsius in both locations. 

8 Mean daily temperature departure from average temperatures in the 2000’s 

In November the  mean daily temperatures were close to average temperatures in the 2000’s, 
in December temperatures inland were 2-3 degrees Celsius below average, in January 2010 
temperatures were 2-4 degrees below average temperatures. (See also Appendix I) 



9 Wind roses, temperature maps for November and December 2009 and January 2010 



Appendix I  Plots of Station Temperature Data December 2009 and January 2010 

Malin Head (Donegal) December 2009 

Malin Head (Donegal) January 2010 



Leterkenny (Donegal) December 2009 

Leterkenny (Donegal) January 2010 



Belmullet (Mayo) December 2009 

Belmullet (Mayo) January 2010 



Straide (Mayo)  December 2009 

Straide (Mayo)  January 2010 



Report on the weather conditions of November and December 2010 in the 

Inishowen area of north County Donegal and Belmullet area of northwest 

County Mayo 

This report has been compiled using Met 
Éireann records from synoptic weather stations 
at Malin Head, Belmullet and Knock Airport, 
and a selection of climatological stations at 
Letterkenny and Glenties in County Donegal; 
and Ballina, Straide and Belderrig in County 
Mayo. Coastal areas are generally several 
degrees warmer than inland sites, and the 
differences can be even greater during severe 
cold spells, this is mentioned text and illustrated 
in the selection of station graphs in Appendix I. 

1 Nature of Weather event 

November 

Mild, wet and windy weather during the first half of November was followed by a spell of 
drier but colder conditions, while the last few days of the month were extremely cold with 
widespread snowfall. At most stations it was the coldest November since 1985, due largely to 
exceptionally low temperatures between the 28th and 30th. Air temperatures fell below -6°C 
in many places on the 28th and 29th, with new temperature records for November set at a 
number of stations,. The very cold period at the end of the month produced widespread 
wintry showers, but the heaviest falls of rain were recorded earlier in the month 
December 
Spells of exceptionally cold weather during December brought some of the lowest 
temperatures ever recorded in Ireland, together with heavy snowfalls in places. There were 
also short periods of milder weather, while overall the month was drier and sunnier than 
normal. Mean air temperatures for the month were up to six degrees lower than normal in 
places and it was the coldest December on record almost everywhere. It was also the coldest 
of any month on record at some stations. The lowest December air temperature ever 
measured in the country, -17.5°C, was recorded at Straide, Co. Mayo, on the 25th 

2 Historical Context  

Previous cold spells of similar depth and duration had occurred in 1947 and 1963 and 
2009/10, the return period is approximately 1 in 25-30 years for the cold spell. However for 
the depth of cold experienced the return periods are probably greater, at least 1 in 50 years. 

3 Comparison with 2000’s 

The cold spell was exceptional for the depth of cold experienced, in duration it was similar in 
length to the cold spell of late 2009/2010, and both these cold spells were significantly colder 
and of longer duration that any sell of cold weather since 2000. There was a significant 
difference between coastal regions and in land (much colder), with was also dependent on 
wind direction. 



4 Weather Diary:  No of rain days, duration of cold spell. 

The November/December 2010 cold spell lasted approximately 35 days from 20th November
to 25/26th December 2010 (defined by first two consecutive days with minimum air
temperature below zero to last two consecutive days will minimum air temperature below 
zero). During this period  minimum air temperature were mostly below zero, but there were 
with occasional days, or consecutive days, with minimum air temperature above zero, coastal 
stations had significantly less days with air frost. 

For the most part the number of raindays in November was between 22 and 25 (Long term 
average 22-24 days), while the number of wet days (>1mm day) was between 18 and 22 
(Long term average 18-21 days). 

5 Consecutive days with air temperature remained below zero 

In the late 2010 cold spell, the number of ice days (days when maximum air temperature is 
below zero) recorded varied from zero at coastal location (Belmullet, Malin Head), with 3-5 
at other locations including some close to the coast, the maximum number of consecutive 
days ice days  was 7 at Straide in Co Mayo 

6 Average range of daily temperature during the cold spell 

 The range varied considerable, but was mostly between 5 and 9 degrees Celsius, however at 
the end of cold spell 25/26th December daily ranges of 15-20 degrees Celsius were recorded 
inland. 

7 Maximum temperature range in one day 

The maximum daily range in Co Mayo was 20 degrees on  December 26th 

8  Mean daily temperature departure from average temperatures in the 2000’s 

In November 2010 the mean daily temperatures were 1.5  to 3 degrees Celsius below average 
temperatures in the 2000’s, with milder values close to the coast.  In December temperatures 
inland were 4-6 degrees Celsius below average, and 2-4 degrees below average nearer the 
coast. (See also Appendix I) 
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Appendix I   Plots of Station Temperature Data for November and December 2010 



 Malin Head (Donegal) November 2010 

  Malin Head (Donegal) December 2010 



Letterkenny (Donegal) November 2010

Letterkenny (Donegal) December 2010 



Belmullet (Mayo) November 2010 

Belmullet (Mayo) December 2010 



Straide (Mayo) November 2010 

Straide (Mayo) December 2010 



Appendix 3 

Summary of the Requirements under Parts A, C and D of the 

Building Regulations.



 

Table A.1 Building Regulations Requirements and relevant TGD provisions 

Part A – Structure (1991 to 2012) 

 
Loading. 
 
A1  (1)  A building shall be so designed and constructed that the combined dead, imposed and wind loads are sustained and transmitted to the   
  ground – 
 

(a) safely, and 
 

(b) without causing such deflection or deformation of any part of the building, or such movement of the ground, as will impair the  stability of any part of 
another building. 

 

TGD A 1991 TGD A 1997  

 

Section C21 of TGD A states “walls should be properly bonded and solidly put 

together with mortar and constructed of :…..(c)…….normal density blocks  to I.S. 20: 

1987 Part 1….” 

 

Section 2 states: “The following Codes, Standards and References are appropriate 

for all buildings, and when applied in accordance with the conditions specified below, 

may be used to meet Requirements A1 and A2……The design and construction of a 

structure is in accordance with the relevant recommendations of the codes of practice 

and, Standards…… 

 

….STRUCTURAL WORK OF MASONRY 

I.S. 325 :Part 1: 1986  

BS 5628: Part 3: 1985….” 

 

 

Section 1.1.3.2 of TGD A states “All walls should comply with the relevant 

requirements of I.S. 325:Part 2: 1995 …” 

 

Section 1.1.3.5 of TGD A specifies the materials used and the minimum 

designations, strengths and other qualities.  Solid concrete blocks “Should have a 

thickness required by par. 1.1.3.4 and conform to the requirements of designation 

S5 in accordance with I.S. 20: 1987 Concrete Building Blocks Part 1: Normal 

Density Blocks…… 

 

 

Structural work of masonry 

I.S. 325 Part 1: 1986 

I.S. 325 Part 2: 1995 

BS 5628: Part 2: 1985…” 



 

Part C – Site Preparation and Resistance to Moisture (1991 to present) 
 

Resistance to weather and ground moisture 

 

C4  The floors, walls and roof of a building shall be so designed and constructed as to prevent the passage of moisture to the inside of the building or damage to the 

 fabric of the building. 

TGD C 1991 TGD C 1997  TGD C 2004 

Sub-section 3.2 states: 

 

“WALLS 

3.2.1 All walls should: 

(a) prevent moisture from the ground from reaching 

the inside of the building (see Diagram 9), and 

(b) not be damaged by moisture from the ground, 

and 

(c) not carry moisture from the ground to any part 

of the building which would be damaged by it. 

 

3.2.2 External walls, in addition to meeting the 

requirements of 3.2.1, should: 

(a) resist the penetration of rain or snow to the indie 

of the building, and 

(b) not be damaged by rain or snow, and 

(c) not carry rain or snow to any part which would 

be damaged by it…….. 

 

Sub-section 3.2 states: 

 

“WALLS 

3.2.2 All walls should: 

(a) prevent moisture from the ground from 

reaching the inside of the building (see 

Diagram 8), and 

(b) not be damaged by moisture from the ground, 

and 

(c) not carry moisture from the ground to any part 

of the building which would be damaged by it. 

 

3.2.3 External walls, in addition to meeting the 

requirements of 3.2.1, should: 

(a) resist the penetration of rain or snow to the 

indie of the building, and 

(b) not be damaged by rain or snow, and 

(c) not carry rain or snow to any part which would 

be damaged by it…….. 

Sub-section 3.2 states: 

 

“WALLS 

3.2.1 All walls should: 

(a) prevent moisture from the ground from reaching the 

inside of the building (see Diagram 8), and 

(b) not be damaged by moisture from the ground, and 

(c) not carry moisture from the ground to any part of the 

building which would be damaged by it. 

 

3.2.2 External walls, in addition to meeting the requirements 

of 3.2.1, should: 

(a) resist the penetration of rain or snow to the indie of the 

building, and 

(b) not be damaged by rain or snow, and 

(c) not carry rain or snow to any part which would be 

damaged by it…….. 

 

 



 
MOISTURE FROM OUTSIDE (EXTERNAL WALLS) 

3.2.5 IS 325: Part 1: 1986 Use of Masonry, Part 1, 

Structural Use of Unreinforced Masonry covers 

recommendations for the structural design of 

unreinforced masonry constructed of normal density 

blocks and bricks. 

 

BS 5628 Code of Practice for the use of masonry, 

Part 3: 1985 Materials and components, design and 

workmanship contains recommendations for design 

and execution of brick and block masonry. 

…… 

BS 5262: 1976 Code of Practice for external 

rendered finishes includes recommendations on 

rendering on all common types of old or new 

backgrounds  

 

Standards and other references 

IS 325: Part 1: 1986 Use of Masonry, Part 1. 

Structural Use of Unreinforced Masonry; Amd No1: 

1998; Amd No2: 1992 

 

BS 5262: 1991 Code of practice for external 

renderings 

 

BS 5628 code of practice for use of masonry Part 3: 

1985 Materials and components, design and 

workmanship AMD 4974 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Part D – Materials and Workmanship (1991 to present) 

 

Materials and Workmanship  

 D1 All works to which these Regulations apply shall be carried out with proper materials and in a workmanlike manner.  

 

Definition for this Part 

D2 In this Part, “proper materials” means materials which are fit for the use for which they are intended and for the conditions in which they    

 are to be used…….” 



Appendix 4 

 

 
 

Letter from the National Standards Authority of Ireland. 

 



 

HEAD OFFICE 

1 Swift Square. 
Northwood, Santry,  
Dublin 9, Ireland 
T + 353 1 807 3800 
F + 353 1 807 3838 
E info@nsai.ie 
 
NSAI.ie 
 
 
 
 
 
 
 
 
 
 
 
 
 
REGIONAL CENTRE 

Limerick 
Plassey Park Road, 
Castletroy, Limerick 
T + 353 61 330 708 
F + 353 61 330 698 
 
INTERNATIONAL OFFICE 

NSAI Inc. 
402 Amherst Street, 
Nashua, 
New Hampshire, 
NH 03063, USA 
T +1 603 882 4412 
F +1 603 882 1985 
E info@nsaiinc.com 
 
NSAIinc.com 

01/12/2016 

 

Paris Beausang 

Secretary to Expert Panel 

Department of Housing, Planning, Community and Local Government 

Customs House  

Dublin 2 

 

 

 

 

Dear Paris 

 

Re - Expert Panel to investigate the problems that have emerged in the 

blockwork of certain dwellings in Donegal and Mayo  

 

Request for clarification from NSAI, dated 20 October 2016 

 

Further to your letter of 20 October 2016 to Maurice Buckley, CEO, NSAI and NSAI's 

subsequent attendance at a meeting of the Expert Panel on 7th November 2016, NSAI 

has consulted further with the panel of experts currently revising guidance to I.S. EN 

12620 Aggregates for concrete, and consisting of Members of the NSAI Aggregates 

Panel and Concrete Standards Consultative Committee, in relation to the assertion 

that:  

 

'As far back as 1949 Statutory Instruments for blocks and aggregate, listed 

mica as a harmful impurity and said that the quantity of such impurities in 

coarse aggregate shall not exceed 1%. Later standards no longer specify that 

1% maximum'.  

 

The assertion implies the 1% limit is on the quantity of mica or other harmful 

impurities in the sample.  

 

Following from our consultation we confirm that NSAI has the following understanding 

of the requirements. 

 

 

1. S.I. No. 288 of 1949  (I.S 20) part II, 3 (a) limits harmful impurities to 1% in 

 coarse aggregate passing a No. 200 sieve, according to the test method 

 specified in Annex A  Determination of amount of material passing a No. 200 

 Test sieve.  

 

 This test is a quantitative wet sieve analysis test which measures the total 

 quantity of material passing a No. 200 sieve. 

 

2. The limit of 1% in coarse aggregate passing the No.200 sieve according to 

 Annex A is not a limitation on the quantity of any particular material in the 

 total sample. 



 

HEAD OFFICE 

1 Swift Square. 
Northwood, Santry,  
Dublin 9, Ireland 
T + 353 1 807 3800 
F + 353 1 807 3838 
E info@nsai.ie 
 
NSAI.ie 
 
 
 
 
 
 
 
 
 
 
 
 
 
REGIONAL CENTRE 

Limerick 
Plassey Park Road, 
Castletroy, Limerick 
T + 353 61 330 708 
F + 353 61 330 698 
 
INTERNATIONAL OFFICE 

NSAI Inc. 
402 Amherst Street, 
Nashua, 
New Hampshire, 
NH 03063, USA 
T +1 603 882 4412 
F +1 603 882 1985 
E info@nsaiinc.com 
 
NSAIinc.com 

 

3.  The limit of 1% coarse aggregate passing the No 200 sieve applies to the 

 fraction or quantity of any material passing the No.200 sieve.  

4.  As the limit of 1% does not apply to the total mica quantity in the sample, the 

 statement that “later standards no longer specify that 1% maximum” is 
 irrelevant. 

5.  It has been brought to our attention that there is ambiguity surrounding the 

 interchangeability, or not, of the terms harmful impurities and harmful 

 materials in the context of the requirements in S.I. No. 288 of 1949  (I.S 20) 

 part II, 3 (a).   

 

 S.I. No. 288 of 1949  (I.S 20) part II, 3 (a)refers to harmful materials and 

 harmful impurities in aggregates, under the heading of "Harmful impurities".  

  

 This wording is ambiguous, and may be interpreted differently. 

 

 However, we are satisfied that whilst the ambiguity has been highlighted, it 

 does not affect statements 1 – 4 above.  

 

We trust the above clarifies our position but should the Expert Panel have further 

queries, we would be glad to assist.  

 

Finally we would appreciate the opportunity to comment on content of the draft report 

pertinent to NSAI, prior to its publication.  

 

 

 

 

 

 

Yours sincerely 

 

 

 

Yvonne Wylde 

 

 

 

cc M Byrne, Chair NSAI Aggregates Panel 
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DECLARATION	OF	SPECIFICATION	ENTITLED	ASSESSMENT,	TESTING	AND	CATEGORISATION	OF	DAMAGED	BUILDINGS		INCORPORATING	CONCRETE	BLOCKS		CONTAINING	CERTAIN	DELETERIOUS	MATERIALS		AS		THE	IRISH	STANDARD	SPECIFICATION	FOR	ASSESSMENT,	TESTING	AND	CATEGORISATION	OF	DAMAGED	BUILDINGS		INCORPORATING	CONCRETE	BLOCKS		CONTAINING	CERTAIN	DELETERIOUS	MATERIALS	________________________	NSAI	in	exercise	of	the	power	conferred	by	section	16	(3)	of	the	National	Standards	Authority	of	Ireland	Act,	1996	(No.	28	of	1996)	and	with	the	consent	of	the	Minister	for	Business,	Enterprise	and	Innovation,	hereby	declare	as	follows:	1.	 This	instrument	may	be	cited	as	the	Standard	Specification	(Assessment,	testing	and	categorisation	of	 damaged	 buildings	 incorporating	 concrete	 blocks	 containing	 certain	 deleterious	 materials)	Declaration,	2018.		2.	 (1)	The	Standard	Specification	set	forth	in	the	Schedule	to	this	declaration	is	hereby	declared	to	be	the	Standard	Specification	for	Assessment,	testing	and	categorisation	of	damaged	buildings	incorporating	concrete	blocks	containing	certain	deleterious	materials.		 	(2)	The	said	Standard	Specification	may	be	cited	as	Irish	Standard	465:2018	or	as	I.S.	465:2018.			 	
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Foreword	This	Irish	Standard	was	developed	by	the	NSAI	Concrete	Blocks	Committee	(NSAI/TC	063).	Arising	from	the	Report	of	the	Expert	Panel	on	Concrete	Blocks	(June	2017)	[1]	this	Irish	Standard	has	been	developed	for	use	by	those	who	intend	to	provide	assessment	and	testing	services	for	dwellings	that	are	suspected	of	being	affected	by	defective	concrete	blocks.	This	is	the	first	edition	of	this	Irish	Standard.	This	Irish	Standard	is	not	intended	for:	a) the	specification,	manufacture	and	testing	for	compliance	of	new	concrete	blocks	(aggregate	concrete	masonry	 units)	 in	 accordance	 with	 I.S.	EN	771–3	 (and	 associated	 testing	 Standards)	 or	 as	 a	replacement	to	the	guidance	provided	in	Standard	Recommendation	S.R.	325;	and	b) dwellings	not	exhibiting	structural	damage	consistent	with	defective	concrete	blocks,	see	Clause	4.	Compliance	with	this	Irish	Standard	does	not	of	itself	confer	immunity	from	legal	obligations.	
In	line	with	international	standards	practice	the	following	representation	of	numbers	and	numerical	values	apply:	
 The	decimal	point	is	shown	as	a	comma	(	,	)	throughout	this	Irish	Standard.	
 Each	group	of	three	digits	reading	to	the	left	or	to	the	right	of	a	decimal	sign	are	separated	by	a	space	from	the	preceding	digits	or	following	digits	respectively.		 	
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0 Introduction	

0.1 General	The	Report	of	 the	Expert	Panel	on	Concrete	Blocks	 (June	2017)	[1],	 commissioned	by	 the	Minister	of	Housing,	 Planning	 and	 Local	 Government,	 to	 investigate	 the	 problems	 emerging	 in	 the	 concrete	blockwork	of	certain	dwellings	in	County	Donegal	and	County	Mayo	concluded	that	“the	nature	of	the	problem	is	manifested	primarily	by	the	disintegration	of	concrete	blocks	used	in	construction	of	affected	dwellings	in	Counties	Donegal	and	Mayo	which	in	turn	results	in	a	pattern	of	cracking	in	the	external	render	of	these	dwellings”.	The	Expert	Panel	was	of	 the	opinion	 that	 “the	 reason	 for	 the	widespread	pattern	 cracking	 in	private	dwellings	in	Counties	Donegal	and	Mayo	is	primarily	due	to	the	excessive	amount	of	deleterious	materials	in	the	aggregate	used	to	manufacture	the	concrete	blocks.	The	deleterious	material	in	County	Donegal	was	primarily	muscovite	mica,	while	in	County	Mayo	it	was	primarily	reactive	pyrite".	Deleterious	materials	 (undesirable	 constituents	[2])	 are	 those	 constituents	 of	 an	 aggregate	 that	may	comprise	or	include	materials	which	could	have	an	adverse	effect	on	the	properties	of	any	concrete	into	which	that	aggregate	was	incorporated.	The	adverse	effects	mainly	include:	1) chemical	interference	with	the	setting	of	cement;	2) physical	prevention	of	good	bond	between	the	aggregate	and	cement	paste;	3) modification	of	the	properties	of	the	fresh	concrete	to	the	detriment	of	the	durability	or	strength	of	the	hardened	material;	4) interaction	 between	 the	 cement	 paste	 and	 the	 aggregate	 which	 continues	 after	 hardening,	sometimes	causing	expansion	and	cracking	of	the	concrete;	and	5) weakness	and	poor	durability	of	the	aggregate	particles	themselves.	Concrete	blocks	manufactured	from	aggregates	containing	certain	potentially	deleterious	materials,	and	subject	to	substantial	ingress	of	moisture	and/or	freeze	thaw	conditions	can	have	reduced	strength	and	durability	resulting	in	disintegration.	Concrete	masonry	which	remains	in	a	dry	state	will	not	suffer	from	freeze	thaw	effects.	
0.2 Mica	The	minerals	muscovite	mica	and	biotite	mica	are	"common	constituents	of	many	rock	types,	including	granites,	gneisses	and	sandstones,	forming	distinctive	platy	crystals.	When	mica	occurs	as	discrete	(or	'free')	flaky	grains	in	fine	aggregates,	it	usually	increases	the	water	demand	of	concrete	and	also	reduces	the	cohesiveness	of	the	mix,	which	can	adversely	affect	the	final	strength	and	durability	of	the	hardened	concrete"	[2].	In	particular	cases,	these	disadvantageous	effects	of	mica	can	be	adequately	compensated	by	 slightly	 increasing	 the	 contents	 of	 cement	 in	 the	mix	 design	 or	 by	 using	 an	 admixture.	 Excessive	quantities	 of	 free	 muscovite	 mica	 in	 aggregate	 can	 render	 the	 blocks	 susceptible	 to	 freeze	 thaw	degradation	when	saturated.	
0.3 Pyrite	Pyrite,	Iron	Sulfide	(FeS2),	is	a	naturally	occurring	mineral	commonly	found	in	most	rock	types.	When	some	forms	of	pyrite	are	exposed	to	moisture	and	oxygen,	a	series	of	chemical	reactions	can	occur.	In	such	conditions,	pyrite	will	oxidise	to	form	sulfuric	acid	(H2SO4)	and	other	products.	The	acid	may	in	turn	react	with	other	minerals	found	in	the	aggregate.	Calcium	sulfate	in	the	form	of	gypsum	(CaSO4.2H2O)	
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may	 be	 produced	 when	 calcium	 carbonate	 (CaCO3),	 commonly	 known	 as	 calcite,	 is	 present	 in	 the	aggregate,	typically	calcareous	mudstones,	and	is	available	to	react	with	the	sulfuric	acid.	Gypsum	has	a	significantly	greater	volume	than	the	original	pyrite	and	calcite,	thus	the	growth	of	its	crystals	can	cause	expansion.	Internal	sulfate	attack	 in	concrete	does	not	require	an	external	source	of	sulfate	and	is	caused	by	the	inclusion	of	materials	containing	sulfide	minerals	in	the	concrete	mix.	Typically,	this	can	be	where	non‐compliant	 aggregate	 with	 excessive	 quantities	 of	 reactive	 pyrite	 is	 used,	 which	 over	 time	 may,	 in	unfavourable	conditions	oxidise	to	produce	sulfate.	The	degradation	of	concrete	blocks	in	Mayo	appeared	to	occur	from	the	oxidation	of	fine	pyrite	and	bulk	expansion	of	the	mudstone	aggregate.	The	expansion	is	 caused	 by	 the	 growth	 of	 secondary	 minerals	 (gypsum)	 in	 veinlets	 parallel	 with	 bedding	 and/or	cleavage	in	the	mudstone	and	the	interface	between	the	aggregate	and	cement.	
0.4 Expert	panel	recommendations	The	 Report	 of	 the	 Expert	 Panel	 on	 Concrete	 Blocks	[1]	made	 a	 number	 of	 recommendations	 for	 the	development	 of	 technical	 documents	 and	 strengthening	 of	 existing	 regulations.	 The	 first	 of	 these	recommendations	was	for	NSAI	to	develop	a	simple	standardised	protocol	to:	(a)	assess	and	categorise	the	damage;	(b)	establish	the	extent	of	the	problem;	(c)	identify	the	scope	of	any	testing	required;	and	(d)	aid	selection	of	an	appropriate	remedial	solution.	NOTE	 All	 concrete	 blocks	 currently	 manufactured	 in	 Ireland	 are	 required	 to	 meet	 the	 requirements	 of	I.S.	EN	771‐3,	and	the	relevant	guidance	 is	 included	 in	S.R.	325.	The	aggregate	used	 in	 the	manufacture	of	 these	concrete	blocks	are	required	to	comply	with	I.S.	EN	12620	[3],	and	the	guidance	for	use	in	Ireland	is	in	S.R.	16.	These	standards	 contain	 limits	which	 control	properties	 affecting	 end	use	performance,	 along	with	a	 requirement	 for	geological	and	petrographic	assessment	of	the	aggregates.		 	
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Schedule	
Assessment,	testing	and	categorisation	of	damaged	buildings	incorporating	concrete	

blocks	containing	certain	deleterious	materials	

1 Scope	This	Irish	Standard:	a) establishes	 a	 protocol	 for	 assessing	 and	 determining	 whether	 a	 building	 has	 been	 damaged	 by	concrete	blocks	containing	excessive	amounts	of	certain	deleterious	materials	(aggregate	containing	free	or	unbound	muscovite	mica	or	potentially	deleterious	quantities	of	pyrite);	b) describes	methods	for	establishing	the	extent	of	the	problem	and	categorises	dwellings;		c) describes	the	scope	of	any	testing	required	and	evaluation	of	the	findings;	and	d) provides	the	Chartered	Engineer	with	guidance	on	the	selection	of	appropriate	remedial	works	to	be	undertaken.	This	Irish	Standard	is	not	intended	for:	a) the	specification,	manufacture	and	testing	for	compliance	of	new	concrete	blocks	(aggregate	concrete	masonry	 units)	 in	 accordance	 with	 I.S.	EN	771‐3	 (and	 associated	 testing	 Standards)	 or	 as	 a	replacement	to	the	guidance	provided	in	Standard	Recommendation	S.R.	325;	and	b) dwellings	not	exhibiting	structural	damage	consistent	with	defective	concrete	blocks,	see	Clause	4.	The	protocol	addresses	the	issue	of	defective	concrete	blocks	but	does	not	rule	out	other	potential	defects	in	a	dwelling	which	may	for	other	reasons	require	remedial	attention.	The	use	of	 this	 Irish	Standard	 is	 limited	 to	 concrete	block‐built	dwellings	 exhibiting	 signs	of	distress	consistent	with	damage	caused	by	blocks	containing	certain	deleterious	materials.	
2 Normative	references	The	 following	 documents	 are	 referred	 to	 in	 the	 text	 in	 such	 a	way	 that	 some	 or	 all	 of	 their	 content	constitutes	 requirements	 of	 this	 document.	 For	 dated	 references,	 only	 the	 edition	 cited	 applies.	 For	undated	references,	the	latest	edition	of	the	referenced	document	(including	any	amendments)	applies.	I.S.	EN	197‐1,	Cement	–	Part	1:	Composition,	specifications	and	conformity	criteria	for	common	cements	I.S.	EN	771‐3,	 Specification	 for	masonry	 units	 –	 Part	 3:	 Aggregate	 concrete	masonry	 units	 (Dense	 and	
lightweight	aggregates)	I.S.	EN	772‐1,	Methods	of	test	for	masonry	units	–	Part	1:	Determination	of	compressive	strength	I.S.	EN	1744‐1:2009+A1:2012,	Tests	for	chemical	properties	of	aggregates	–	Part	1:	Chemical	analysis	I.S.	EN	12504‐1,	Testing	concrete	in	structures	–	Part	1:	Cored	specimens	–	Taking,	examining	and	testing	
in	compression	S.R.	325,	Recommendations	for	the	design	of	masonry	structures	in	Ireland	to	Eurocode	6	BS	1881‐124:2015,	Testing	concrete	–	Part	124:	Methods	for	analysis	of	hardened	concrete	
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3 Terms	and	definitions	For	the	purposes	of	this	document,	the	following	terms	and	definitions	apply:	
aggregate(s)	crushed	rock	or	processed	sand	and	gravel	materials	used	for	construction	purposes	
aggregate	concrete	masonry	unit		concrete	block	masonry	unit	manufactured	from	cementitious	binder,	aggregates,	and	water	and	which	may	 contain	 admixtures	 and	 additions	 and	 colouring	 pigments	 and	 other	materials	 incorporated	 or	applied	during	or	subsequent	to	unit	manufacture	
calcite	mineral,	calcium	carbonate	(CaCO3),	which	is	the	main	component	of	limestone	
Chartered	Engineer	competent	and	Chartered	Engineer,	as	defined	by	the	Institution	of	Civil	Engineers	of	Ireland	(Charter	Amendment)	Act,	1969,	or	an	equivalent	professional	body	
Chartered	Geotechnical	Engineer	person	possessing	sufficient	training,	relevant	experience,	and	knowledge	appropriate	to	the	nature	of	the	work	 to	 be	 undertaken	 having	 regard	 to	 the	 task	 he/she	 is	 required	 to	 perform	 and	 taking	 into	account	the	complexity	of	the	work	Note	1	to	entry:	 In	the	context	of	this	Irish	Standard,	the	competent	person	will	be	listed	as	a	Chartered	Engineer,	Engineers	Ireland,	or	an	equivalent	professional	body,	with	an	established	record	of	a	minimum	of	five	years	of	practical	assessment	of	geological	 resources,	with	particular	experience	 in	 sampling,	 testing,	 and	assessment	of	concrete	and	concrete‐making	materials.		
competent	person	person,	company,	or	partnership	having	sufficient	theoretical	and	practical	training,	relevant	experience,	and	knowledge	appropriate	to	the	nature	of	the	work	to	be	undertaken,	having	regard	to	the	task	he/she	is	required	to	perform	and	taking	into	account	the	complexity	of	the	work	
damp	proof	course	
DPC	layer	of	sheeting,	masonry	units	or	other	material	used	in	masonry	to	resist	the	passage	of	water	
deleterious	materials	constituents	 of	 a	 proposed	 aggregate	 that	 may	 comprise	 or	 include	 materials	 which	 could	 have	 an	adverse	effect	on	the	properties	of	any	concrete	into	which	that	aggregate	was	incorporated	
diffraction	peak	peaks	 in	 a	 diffraction	 pattern	 obtained	 from	 an	 X‐ray	 Diffraction	 (XRD)	 analysis	 and	 used	 in	 the	identification	of	crystalline	substances	in	a	powdered	sample	being	analysed	
framboidal	pyrite	form	of	pyrite	that	typically	occurs	as	loosely	packed	clusters	of	very	small	sized	crystals	of	constituent	pyrite	microcrystallites	<	1	μm	in	diameter	
free	muscovite	mica	fine	monomineralic	mica	grains	which	are	typically	<	63	μm	in	size	
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gypsum	hydrated	calcium	sulfate,	CaSO4.2H2O	
limestone	rock	made	 up	 of	 mainly	 calcite,	 derived	 from	marine	 invertebrate	 shells,	 shell	 debris,	 and	 chemical	precipitation	of	calcium	carbonate	
lithology	character	of	a	rock	in	terms	of	its	structure,	colour,	mineral	composition,	and	grain	size,	as	determined	by	eye	or	with	a	low	power	magnifier	
masonry		assemblage	of	units	jointed	with	mortar	
mica	schist	schist	primarily	composed	of	mica	
mineral	naturally	 occurring	 inorganic	 element	 or	 compound,	 having	 an	 orderly	 internal	 structure	 and	characteristic	chemical	composition,	crystal	form,	and	physical	properties	
mudstone	rock	 formerly	 composed	 of	 normal	 mud	 (clay	 minerals	 and	 water),	 that	 has	 been	 compacted	 and	solidified	into	solid	rock	
muscovite	mica	potassium	aluminium	silicate	forming	in	thin	sheets	
oxidation	chemical	process	 involving	a	reaction(s)	resulting	 in	 the	 loss	of	electrons,	or	an	 increase	 in	oxidation	state,	by	a	molecule,	atom,	or	ion	
petrographic	analysis	detailed	 examination	 and	 description	 of	 rocks	 using	 specialised	microscopes,	 rock	 thin	 sections,	 and	other	techniques	such	as	electron	microscopy,	undertaken	by	a	competent	Petrographer	
Petrographer	person	possessing	sufficient	training,	relevant	experience,	and	knowledge	in	petrographic	analysis	Note	1	to	entry:	 In	 the	 context	 of	 this	 Irish	 Standard,	 the	 Petrographer	 shall	 have	 five	 years	 of	 documented	equivalent	experience	in	the	application	of	petrographic	analysis	to	evaluations	of	concrete‐making	materials	and	concrete	products	in	which	they	are	used	and	in	cementitious‐based	materials.	
phyllite	low	to	medium	grade	metamorphosed	mudstone/shale	
Professional	Geologist	person	possessing	sufficient	training,	relevant	experience,	and	knowledge	appropriate	to	the	nature	of	the	work	 to	be	undertaken,	having	 regard	 to	 the	 task	he/she	 is	 required	 to	perform,	 and	 taking	 into	account	the	complexity	of	the	work	Note	1	to	entry:	 In	 the	 context	 of	 this	 Irish	 Standard,	 the	 competent	 person	 (Professional	 Geologist)	 is	 a	Professional	Member	of	the	Institute	of	Geologists	of	Ireland,	or	an	equivalent	professional	body,	with	an	established	record	 of	 a	minimum	 of	 five	 years	 of	 practical	 assessment	 of	 geological	 resources,	 with	 particular	 experience	relating	 to	 the	 sampling,	 testing	 and	 assessment	 of	 recovered	 petrographic	 samples	 of	 concrete	 and	 concrete‐making	materials.	
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pyritic	heave	upward	pressure	to	constructed	works	(including	floor	slabs)	and	lateral	pressure	to	the	rising	walls	in	buildings,	resulting	specifically	from	swelling	of	hardcore	initiated	by	oxidation	of	reactive	pyrite	
render	mix	 of	 one	 or	more	 inorganic	 and/or	 organic	 binders,	 aggregates,	water	 and	 sometimes	 admixtures	and/or	additions	used	for	protective	and/or	decorative	reasons	to	obtain	a	surface	finish	which	is	applied	to	walls	and	ceilings	
reactive	pyrite	pyrite	in	a	form	that	is	readily	oxidised	
Rietveld	analysis	semi‐quantitative	analysis	technique	utilised	to	interpret	data	derived	from	an	XRD	analysis	
schist	medium	grade	metamorphic	rock	medium	grained	strongly	foliated	with	and	readily	split	into	flakes	or	slabs	due	to	the	preferred	orientation	of	the	majority	of	minerals	
Scanning	Electron	Microscope	
SEM	method	that	examines	and	analyses	the	physical	information	(such	as	secondary	electron,	backscattered	electron,	absorbed	electron	and	X‐ray	radiation)	obtained	by	generating	electron	beams	and	scanning	the	surface	of	the	sample	in	order	to	determine	the	structure,	composition,	and	topography	of	the	sample	
sound	showing	no,	or	only	rare	evidence	of	deterioration	
sulfate	oxidised	form	of	sulfur	in	which	the	sulfur	atom	is	surrounded	by	four	oxygen	atoms	
sulfide	compound	of	sulfur	and	another	element	
thin	section	thin	slice	of	rock,	about	30	μm	thick,	mounted	on	a	glass	slide	for	microscopic	inspection	
total	sulfur	sum	of	all	sulfur	species	in	a	solid	material,	including	sulfide	and	sulfate	
unsound	lacking	physical	coherence	and/or	showing	common	or	abundant	evidence	of	matrix	deterioration,	also	concrete	too	deteriorated	to	be	sampled	intact	
X‐ray	Diffraction	
XRD	non‐destructive	analysis	technique	that	uses	the	diffraction	pattern	of	X‐rays	projected	at	a	powdered	sample	to	obtain	information	on	the	structure	of	the	crystal	or	the	identity	of	a	crystalline	substance	
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4 The	protocol	

4.1 General	The	overall	aim	of	the	protocol	is	to	guide	investigation	and	diagnosis	of	damage	due	to	defective	concrete	blocks,	 enabling	 the	 categorisation	 of	 buildings,	 in	 accordance	 with	 this	 Irish	 Standard,	 providing	Chartered	Engineers	with	guidance	on	the	selection	of	the	appropriate	remedial	works	to	be	taken.	The	process	to	be	followed	in	assessment,	sampling	and	testing	is	outlined	in	Figure	1	and	detailed	in	the	relevant	clauses	covering	each	stage	of	the	process.	
4.2 Symptoms	In	a	dwelling	which	is	exhibiting	structural	damage	manifesting	as	a	particular	pattern	of	external	wall	cracks	and	where	defective	concrete	blocks	are	suspected,	a	Chartered	Engineer	should	visually	inspect	and	 report	 on	 the	 dwelling,	 recording	 cracking	 present	 (externally	 and	 internally),	 as	 described	 in	Clause	5	and	Figure	2.	The	 particular	 external	 wall	 crack	 pattern	 includes	 cracks	 (above	 the	 damp	 proof	 course	 (DPC))	 on	combined	 horizontal	 and	 vertical	 and/or	 significant	 vertical	 cracks	 near	 wall	 ends.	 They	 are	 often	accompanied	by	bulging	render,	change	of	profile	on	either	side	of	cracks	and	displacement	of	the	wall	relative	to	window/door	frames,	see	Figure	2.	
4.3 Investigation	Potential	causes	of	cracking	[4]	other	than	deleterious	materials	[5]	should	be	considered,	including	but	not	limited	to,	defective	design,	workmanship,	other	defective	materials	and	lack	of	maintenance	or	up	keep.	 Examples	 of	 other	 causes	 of	 cracking	 include	 foundation	 settlement	[6]	 inadequate	movement	joints,	 shrinkage,	 defective	 render	 (quality,	 thickness,	 and	 type),	 failure	 of	 wall	 ties,	 inappropriate	insulation	systems,	sub‐floor	pyritic	heave	[7],	etc.	The	Chartered	Engineer	should,	after	completing	the	Building	Condition	Assessment,	provide	an	opinion	as	to	the	suspected	or	likely	cause(s)	of	cracking.	If	the	defects	recorded	are	suspected	or	likely	due	to	defective	concrete	blocks,	then	the	Chartered	Engineer	should	assign	the	damage	to	a	Group	as	set	out	in	Clause	5.	If	the	defects	noted	are	not	consistent	with	defective	concrete	blocks,	but	are	likely	due	to	other	potential	 causes,	 then	 the	Chartered	Engineer	should	recommend	that	 the	owner	pursue	appropriate	investigations	which	are	outside	the	scope	of	this	Irish	Standard.	Clause	6	 sets	 out	 the	 recommended	 sampling	 procedure	 with	 guidance	 on	 the	 minimum	 number	 of	samples	required	and	the	most	suitable	sampling	locations.	For	 multi‐unit	 dwellings	 (MUDS)	 it	 is	 preferable	 that	 the	 building	 be	 assessed	 as	 a	 whole	 and	 the	Chartered	Engineer’s	report	should	cover	the	entire	building	that	is	made	accessible	for	inspection.	
4.4 Testing	Clause	7	sets	out	the	appropriate	testing	required	based	on	the	Building	Grouping	(see	5.3)	assigned	by	the	Chartered	Engineer.	Petrographic	assessment	and/or	physical	or	chemical	tests	should	be	used	to	establish	 whether	 the	 problem	 arises	 from	 potentially	 defective	 aggregate.	 Defective	 aggregate	 may	contain	deleterious	materials	such	as	sulfides	(reactive	pyrite),	or	excessive	free	muscovite	mica,	or	a	combination	of	both.	
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Figure	1	—	Process	flow	for	application	of	Standard	



I.S.	465:2018	

13	

	
Key	 	1	 Web	like	cracking	2	 Pattern	like	cracking	(combined	horizontal	and	vertical)		3		 Disintegrated	blocks	leaving	void	in	external	leaf	4	 Outward	bowing	of	external	leaf	5		 Wide	vertical	crack,	typically	200	mm	from	corner	6		 Displacement	at	window/door	reveals	7	 Render	blown	or	missing	8	 Horizontal	cracks	(possibly	attributable	to	day	joint	in	blockwork)	Refer	to	the	Report	of	the	Expert	Panel	on	Concrete	Blocks	[1]	for	examples	of	the	typical	defects	encountered.	

Figure	2	—	Typical	defects	encountered	

4.5 Remedial	works	Taking	account	of	the	Building	Condition	Assessment	and	the	test	results,	the	Chartered	Engineer	should	outline	remedial	options	guided	by	the	recommendations	in	Clause	8.	This	protocol	addresses	the	issue	of	defective	concrete	blocks	but	does	not	rule	out	other	potential	defects	in	a	dwelling	which	may	for	other	reasons	require	remedial	attention.	
5 Building	Condition	Assessment	

5.1 General	The	Building	Condition	Assessment	shall	be	carried	out	by	a	Chartered	Engineer	and	shall	comprise	of	a	desk	 study	 and	 a	 dwelling	 inspection	 composed	 of	 a	 non‐invasive	 external	 and	 an	 internal	 visual	inspection	of	the	dwelling.	

1
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The	purpose	of	the	desk	study	is	to	obtain	relevant	information,	prior	to	the	dwelling	inspection.	The	purpose	of	the	dwelling	inspection	is	to	determine	the	presence	or	absence	of	apparent	damage,	that	is	consistent	with	defective	blocks,	and	to	record	the	extent	and	significance	of	such	damage.	As	noted	in	4.3	the	possibility	of	alternative	probable	causes	should	be	given	due	consideration.	
5.2 Procedure	

5.2.1 Desk	study	The	desk	study	shall	be	carried	out	by	a	competent	person	taking	into	consideration	the	following:	
 history	of	known	occurrences	of	similar	damage	in	local	area	or	estate;	
 information	on	the	design	and	construction	of	the	dwelling,	including	location	of	services	e.g.	utility	services	(water,	electricity,	gas,	sewage);	
 information	on	the	geographical	location,	including	wind	driven	rain	exposure	from	S.R.	325,	etc.;	
 review	 of	 the	 initial	 planning	 and	 certification	 documentation	 (where	 available	 and	 if	 deemed	relevant);	
 outline	construction	details	of	the	building,	from	the	dwelling	owner/proprietor	(where	available);	and	
 the	form	of	construction	and	common	defects	which	may	arise	there	from.	The	 above	 information	 should	 be	 recorded	 on	 the	 Building	 Condition	 Assessment	 Report	 Form.	 An	example	template	of	the	form	is	provided	in	Annex	A.	
5.2.2 Dwelling	inspection	Following	the	completion	of	 the	desk	study,	a	dwelling	 inspection	shall	be	carried	out	by	a	Chartered	Engineer	and	documented	(see	Annex	A).	The	dwelling	 inspection	requires	the	Chartered	Engineer	to	familiarise	themselves	with	the	overall	site	and	consider	other	potential	causes	of	the	cracking	identified,	see	4.3.	As	a	minimum,	the	dwelling	inspection	report	shall	include:	a) details	of	the	general	site	features	e.g.	location,	exposure,	slopes,	trees,	watercourses,	orientation,	etc.;	b) any	apparent	similar	damage	in	local	area	or	estate;	c) a	description	of	the	form	of	construction	of	the	dwelling	(e.g.	cavity	wall	construction),	noting	the	following:	

 rendering;	
 painted;	
 insulation	arrangement	if	known;	
 approximate	date	of	construction	(year);	
 date	(year)	when	cracking	was	first	noted;	
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 movement	joints;	and	
 workmanship,	if	notably	less	than	standard;	d) information	in	chronological	order,	on	any	building	damage	issues	that	may	have	arisen,	including	any	repair	work,	where	such	information	is	available;	e) an	 inspection	of	 the	exterior	and	 interior	of	 the	dwelling	 for	evidence	of	damage	consistent	with	defective	concrete	blocks	such	as:	
 pattern	cracking	of	external	walls	above	the	DPC,	see	Figure	2;	
 lateral	movement	(displacement)	of	external	walls;	
 wall	displacement	around	window/door	frames;	
 wide	vertical	cracks	at	corners;	and	
 cracking	and/or	bulging	of	internal	or	external	walls;		f) an	inspection	of	each	room	internally,	locating	and	describing	cracks	in	walls	etc;	and	g) the	location	and	number	of	samples	to	be	taken	for	testing	(see	6.2).	Chartered	Engineers	should	use	a	suitable	spirit	level	to	measure	bulges	in	walls	and	a	suitable	‘crack	width	gauge’	to	measure	crack	widths.	It	is	not	necessary	to	record	all	crack	widths,	but	significant	cracks	should	 be	 measured	 at	 their	 maximum	 width	 and	 noted,	 including	 viewing	 distance	 and	 weather	conditions	at	the	time	of	inspection.	Cracks	and	damage	visible,	both	externally	and	internally	(insofar	as	possible)	of	the	dwelling,	shall	be	noted	on	sketches,	dated	photographs	and	documents.	Cracks	which	are	consistent	with	damage	caused	by	defective	 concrete	blocks	 shall	be	 identified.	Chartered	Engineers	 should	also	 record	other	visible	blockwork	damage	 arising	 from	other	 structural	 defects	 and	 include	 them	 in	 the	 interim	 report	 (see	Annex	A).	The	condition	of	the	face	of	all	elevations	which	are	to	be	sampled,	(including	the	rising	wall)	shall	be	recorded	and	photographed	by	the	Chartered	Engineer	(see	Clause	6).		Where	the	Chartered	Engineer	has	concerns	regarding	lack	of	structural	stability	(local	or	otherwise)	in	the	dwelling	he/she	 should	 assign	 the	building	 to	Group	4,	 see	Table	1,	 and	 advise	 the	owner	 of	 any	necessary	immediate	actions.	

5.3 Building	Grouping	

5.3.1 General	The	Chartered	Engineer	should,	after	completing	the	Building	Condition	Assessment	as	detailed	in	5.2,	assign	the	dwelling	into	one	of	the	Groups	detailed	in	Table	1.	The	aim	of	the	Grouping	is	to	assist	the	Professional	Geologist,	 in	 consultation	with	 the	Chartered	Engineer,	 in	 selecting	 the	appropriate	Test	Suite	(see	Clause	7).		
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Table	1	—	Building	Grouping	

Group	 Damage	 Building	Condition	Assessment	Group	1	 Undamaged	 Pattern	 cracking	 is	 not	 present,	 however	 some	 or	 all	 the	 circumstantial	evidence	a	is	recorded	in	the	Chartered	Engineer's	Report	
Group	2	 Damaged	 Pattern	cracking	is	present	in	at	least	one	elevation	(but	insufficient	evidence	of	other	damage	to	classify	the	building	as	Group	4,	see	Group	4,	a)	to	e)),	and	no	circumstantial	evidence	a	is	recorded	in	the	Chartered	Engineer's	Report	
Group	3	 Damaged	 Pattern	cracking	is	present	in	at	least	one	elevation	(but	insufficient	evidence	of	other	damage	to	classify	the	building	as	Group	4,	see	Group	4,	a)	to	e)),	and	some	or	 all	 the	 circumstantial	 evidence	a	 is	 recorded	 in	 the	 Chartered	 Engineer's	Report	

Group	4	 Significantly	damaged	

Pattern	 cracking	 on	 at	 least	 one	 elevation,	 and	 at	 least	 two	 of	 the	 following	further	items	of	damage	present	on	same	or	adjacent	elevation:	a) vertical	cracks	near	corners	>	5	mm	in	width;	b) crumbling	concrete	blocks;	c) severe	displacement	of	reveals	with	cracking;		d) wall	 leaning	 or	 bulging	 noticeably	 i.e.	 local	 deviation	 of	 slope	 in	 the	horizontal	or	vertical	plane	of	external	walls	of	>	1	in	100	[4],	and	e) cracking	of	widths	>	1	mm	on	internal	leaf	where	damage	is	also	present	on	the	corresponding	external	 leaf	(Figure	2),	or	multiple	cracks	of	concrete	masonry	walls	in	one	room	of	>	0,5	mm.	Where	circumstantial	evidence	is	available	it	shall	be	recorded	in	the	Chartered	Engineer's	Report.	a	 Circumstantial	 evidence	 (risk	 factors)	 suggesting	 the	 possible	 presence	 of	 deleterious	 materials	 in	 concrete	 blocks	includes:	
 information	that	blocks	came	from	manufacturer(s)	reported	to	have	supplied	blocks	to	other	damaged	dwellings	likely	to	have	arisen	from	deleterious	material	in	concrete	blocks,	
 construction	within	 the	 date	 range	 of	 constructions	mentioned	 in	 the	 Report	 of	 the	 Expert	 Panel	 on	 Concrete	Blocks	[1],	and	in	the	geographic	areas	reported	to	be	affected;	and	
 documented	information	(e.g.	Chartered	Engineer's	Report)	that	other	dwellings	in	the	same	estate	or	locale	have	exhibited	signs	of	damage	likely	to	have	arisen	from	deleterious	material	in	concrete	blocks.	

5.3.2 Group	1	dwellings	Group	1	dwellings	are	outside	the	scope	of	this	Irish	Standard.	However,	the	process	outlined	in	this	Irish	Standard	may	be	used	for	assessing	these	dwellings.	
5.4 Interim	reporting	The	 Chartered	 Engineer	 should	 issue	 an	 interim	 report	 on	 the	 results	 of	 the	 Building	 Condition	Assessment	and	make	recommendations	for	sampling	and	testing	of	dwellings	in	Group	2,	Group	3	and	Group	4.	The	appropriate	reports	that	are	required	to	be	completed	are	defined	in	Clause	9.	
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6 Sampling	requirements	

6.1 General	The	purpose	of	the	sampling	procedure	is	to	obtain	representative	samples	of	the	concrete	block	material,	ensure	that	the	samples	are	preserved,	and	that	their	characteristics	are	substantially	unaltered	between	sampling	and	testing.	Samples	 taken	may	 be	 subjected	 to	 petrographic,	 chemical,	 strength	 and	 other	 testing,	 as	 part	 of	 an	investigation	into	the	potential	for	future	degradation	of	the	concrete	blocks	and	to	help	provide	guidance	on	remedial	works.	
6.2 Sampling	locations	The	 Chartered	 Engineer	 shall	 exercise	 professional	 judgment	 in	 specifying	 the	 number	 and	 specific	location	of	samples	to	be	taken.	As	a	minimum,	eight	samples	(core	or	cut)	shall	be	taken	to	avoid	repeat	visits	and	to	allow	for	additional	testing	where	required.	The	following	is	a	list	of	where	samples	shall	be	taken:	
 at	least	two	samples	taken	from	the	rising	wall	below	ground	level	(one	for	compressive	strength	test);	
 one	sample	from	each	main	elevation	between	ground	and	first	floor	level;	and	
 at	 least	 two	 samples	 taken	 from	 the	 inner	 leaf	 in	 the	 case	 of	 cavity	 wall	 construction	 (one	 for	compressive	strength	test).	Other	samples	should	be	taken	where	considered	necessary	by	the	Chartered	Engineer.	The	initial	inspection	of	the	overall	condition	of	the	dwelling	may	indicate	areas	of	the	walls	that	are	at	risk	 from	 the	 most	 advanced	 deterioration,	 thus	 readily	 suggesting	 locations	 for	 sampling.	 Where	samples	taken	from	these	areas	are	intact,	the	surrounding	render	should	be	removed	to	possibly	locate	damaged	blocks	and	a	second	sample	should	be	taken.	Samples	 shall	 be	 taken	 from	 undamaged	 areas	 where	 blockwork	 is	 intact,	 this	 allows	 comparisons	between	samples	to	be	made	by	the	Petrographer.	Samples	shall	not	be	taken	from	any	chimney	breast	as	chemical	test	results	may	be	influenced	by	the	presence	of	sulfates	due	to	the	burning	of	fossil	fuels.	
6.3 Sampling	procedure	

6.3.1	 Sampling	shall	be	carried	out	by	a	competent	person	and	in	accordance	with	the	requirements	of	this	Irish	Standard.	The	samples	shall	be	recorded	and	detailed	on	a	sample	record	and	chain	of	custody	form,	and	then	submitted	to	the	Petrographer.	An	example	of	the	sample	record	and	chain	of	custody	form	is	included	in	Annex	B.	NOTE	 See	 I.S.	EN	12504‐1	 for	 further	 guidance	 on	 methods	 for	 sampling,	 examining	 and	 testing	 cored	specimens	in	compression.	The	competent	person	shall	note	the	location,	diameter,	length,	and	condition	of	the	samples,	and	include	a	signature	on	the	sample	record	and	chain	of	custody	form	to	indicate	that	he/she	has	extracted	the	samples	in	accordance	with	this	Irish	Standard.	
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6.3.2	 A	dry‐core	sampling	procedure	is	required,	for	which	the	competent	person	will	need	specialised	equipment.	A	dry	core	sampler	bit	of	100	mm	minimum	internal	diameter	and	capable	of	drilling	a	depth	of	at	least	150	mm	shall	be	used	by	the	competent	person	when	extracting	the	samples.	
6.3.3	 Where	possible,	core	samples	should	be	taken	entirely	within	one	block	and	be	free	from	mortar	joints.	
6.3.4	 The	 external	 surface	 of	 core	 samples	 shall	 not	 be	 washed	 on	 site	 to	 improve	 their	 visual	appearance,	because	this	may	compromise	the	analysis.	
6.3.5	 Cut	 samples	 can	 be	 taken	 as	 an	 alternative	 under	 certain	 circumstances	 where	 difficulty	 in	extracting	core	samples	is	experienced.	This	shall	be	recorded	on	the	sample	record	and	chain	of	custody	form.	It	should	be	noted	that	when	taking	cut	pieces	by	chisel,	hammer	blows	may	cause	micro‐cracking,	which	might	not	always	be	easy	for	the	Petrographer	to	distinguish	from	cracking	resulting	from	other	causes.	
6.3.6	 As	the	supervising	competent	person	is	responsible	for	each	extracted	sample,	it	is	necessary	to	ensure	 that	 these	 samples	 are	 collated	 accurately	 and	 packaged	 individually	 in	 sealable	 plastic	 bags.	Labelling	and	numbering	each	sample,	 including	 the	date,	address	and	 location,	 should	be	completed	before	leaving	the	site,	and	a	signed	and	dated	sample	record	and	chain	of	custody	form,	(see	Annex	B),	to	indicate	where	the	samples	have	been	taken	from,	shall	be	included	with	the	samples	for	dispatch	to	the	laboratory.	
6.3.7	 Tools	shall	be	cleaned	following	sampling	of	each	concrete	block,	to	avoid	cross	contamination	of	samples.	
6.3.8	 Samples	shall	be	stored	in	sealable	plastic	bags,	out	of	direct	sunlight	and	in	a	cool	environment.	Waterproof	 marker	 pens	 should	 be	 used	 to	 clearly	 identify	 the	 sample	 number,	 date,	 address,	 and	location.	
6.4 Repair	of	the	sampling	hole	Repair	of	the	core‐holes	shall	be	carefully	undertaken,	with	particular	care	of	the	exposed	cavity	area.	A	fresh	supply	of	quick‐set	dry	mix	(cement/fine	aggregate)	and	tools	for	backfilling	holes	in	walls	created	by	sampling	will	be	required.	Existing	insulation	in	the	cavity	should	be	repaired	or	replaced	as	required.	Back	spacers	are	required	to	avoid	new	fill	debris	bridging	or	 falling	 into	the	cavity.	Shrinkage	of	 the	repair	material	should	also	be	avoided.	NOTE	 Shrinkage‐compensated	proprietary	repair	materials	are	available	from	several	manufacturers.	
6.5 Sample	inspection	and	storage	Upon	receipt	of	samples	in	the	laboratory,	a	visual	 inspection	shall	be	carried	out	by	the	Professional	Geologist	on	each	sample	and	this	information	shall	be	recorded.	As	a	minimum,	the	visual	inspection	shall	note:	
 colour;	
 grading/particle	size;	
 particle	shape;	
 thickness	of	render;	and	
 moisture	condition.	A	dated	photograph	shall	be	taken	of	each	sample	and	uniquely	identified	and	documented.	Samples	shall	be	placed	in	suitable,	airtight,	uniquely	identified	containers,	and	stored	in	suitable	conditions	(see	6.3.8).	
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7 Testing	of	samples	

7.1 Introduction	Testing	laboratories	shall	ensure	that	they	are	familiar	with	this	Irish	Standard.	The	assessment	of	samples	is	subdivided	into	Test	Suites.	The	Test	Suites	classify	the	samples	in	terms	of	risk	factors	and	susceptibility	to	deterioration/degradation.	The	aim	of	all	the	Test	Suites	is	to	provide	sufficient	 information	 to	 determine	 if	 the	presence	of	 certain	potentially	deleterious	materials	 in	 the	concrete	block	aggregate	has,	or	is	likely	to	have,	resulted	in	the	deterioration	of	the	concrete	blocks	and	the	damage	to	the	dwelling	identified	in	the	Building	Condition	Assessment.		A	sample	assessment	overview	is	outlined	in	Figure	3	and	the	route	taken	by	the	Professional	Geologist	will	be	dictated	by	the	results	of	Test	Suite	A.	The	condition	of	the	sample	may	also	dictate	which	Test	Suites	and	testing	are	employed.	Test	Suite	A	will	produce	a	basic	description	of	the	sample	material	using	simplified	petrography.	Test	Suite	A	requires	the	sample	to	be	prepared	as	appropriate,	see	APG	special	report	[8]	(e.g.	by	cutting	with	a	diamond	saw	along	the	axis	of	the	core,	which	gives	a	flat,	clean	surface	for	simplified	petrography).	The	coarse	and	 fine	aggregate	 types,	 the	 fragment	sizes	and	distribution	within	 the	examined	section	shall	 be	 identified,	 with	 particular	 emphasis	 on	 the	 presence	 of	 sulfide	 and/or	 mica	 minerals.	 Void	dimensions,	distribution	and	concentration	should	be	recorded,	and	an	evaluation	of	the	cement	matrix	and	its	condition	should	be	made.	The	assessment	should	focus	on	any	cracking,	secondary	deposits	and	condition	of	the	concrete.	Simplified	petrography	should	be	completed	on	render,	if	it	was	recovered	with	the	sample.	Simplified	petrography	may	be	sufficient	to	conclude	that	the	cracking	damage	identified	in	the	Building	Condition	Assessment	is	likely	to	have	been	caused	by	the	presence	of	certain	deleterious	materials	in	the	 concrete	 block	 aggregate.	 In	 cases	 where	 the	 Professional	 Geologist/Petrographer	 finds	 that	simplified	petrography	is	inconclusive,	additional	testing	shall	be	carried	out	(Test	Suite	B).	Test	Suite	B	 includes	detailed	 (thin	 section)	petrography	which	employs	 thin	 section	microscopy	 and	provides	 additional	 information	 on	 the	 sample	 material	 at	 higher	 magnifications.	 Thin	 sections	 are	examined	with	 a	 petrographic	microscope	 under	 transmitted	 and	 reflected	 light	 and	 should	 provide	information	 on	 the	 aggregate,	 the	 cement	matrix,	 voids	 and	 cracking.	 Emphasis	 should	 be	 placed	 on	evidence	of	deterioration	associated	with	the	presence,	concentration,	form,	size	and	condition	of	sulfide	and/or	mica	minerals.		In	cases	where	the	Professional	Geologist/Petrographer	finds	that	Test	Suite	B	is	inconclusive,	additional	testing	may	be	recommended	including	physical,	chemical,	and	other	analytical	techniques	(Test	Suite	C).	
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Figure	3	—	Sample	assessment	overview	

7.2 Test	Suite	A	–	Simplified	petrography	(pyrite	and	mica)	Test	Suite	A	 involves	 a	 visual	 assessment	 of	 the	 concrete	 blocks	 (with/without	 render)	 samples.	 The	initial	examination	of	 the	sample	 in‐hand	specimen	should	be	carried	out	with	 the	aid	of	a	hand	 lens	and/or	binocular	microscope	in	order	to	determine	the	principal	characteristics	of	the	sample.	Samples	shall	 be	 washed	 to	 remove	 loose	 material	 generated	 by	 the	 drilling	 process.	 They	 should	 then	 be	subjected	to	examination	while	still	wet	using	the	same	methods.	The	dimensions	and	characteristics	of	the	samples	shall	be	recorded	using	photographs	and	drawings	to	appropriate	scales	and	shall	include	the	following	features:	
 Coarse	and	fine	aggregate;	
 Distribution	and	size	range;	
 Lithology;	
 Porosity;	
 Indicative	strength;	
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 Texture;	
 Character	and	distribution	of	both	macro	and	fine	cracks;	
 Compaction	and	voids	(void	sizes,	shapes	and	distribution);	
 Cement	matrix	(colour,	colour	variations,	relative	hardness,	and	condition);	
 Superficial	evidence	of	deleterious	processes	and/or	secondary	products	affecting	the	concrete;	
 Presence	and	nature	of	any	exudations	on	surfaces,	voids	or	in	cracks;	
 Sulfide	minerals	(presence,	preliminary	identification,	form,	abundance,	and	evidence	of	reaction);	
 Mica	minerals	(presence,	preliminary	identification,	form,	and	abundance);	
 Concrete	condition	(sound/unsound);	and	
 Render	 (type	 (smooth/rough),	 thickness	 (number	 of	 coats/layers),	 constituents,	 carbonation,	reaction	products,	as	per	block	sample	description).	NOTE	 It	may	not	be	possible	to	identify	all	of	these	characteristics	for	each	sample	using	Test	Suite	A.	
7.3 Test	Suite	B	–	Detailed	(thin	section)	petrography	(pyrite	and	mica)	The	 objective	 of	 the	 detailed	 (thin	 section)	 petrography	 is	 to	 further	 characterise	 the	 sample	 and	 to	identify	any	features	not	clearly	recognisable	in	the	in‐hand	specimen	and	to	aid	in	the	determination	of	any	deterioration	within	the	sample.	In	the	case	of	suspected	pyrite	degradation,	chemical	analysis	(see	7.5.1)	and	cement	content	analysis	(see	7.5.2)	should	be	carried	out	prior	to	the	detailed	petrography,	as	these	tests	may	assist	in	sample	selection	for	detailed	(thin	section)	analysis.	As	concrete	blocks	are	heterogeneous,	the	petrographic	sections	should	be	representative	of	the	cement	and	aggregate.	 If	 the	concrete	block	appears	particularly	heterogeneous	or	where	coarse	aggregate	 is	large	relative	to	the	size	of	the	thin	section,	more	than	one	thin	section	should	be	prepared	and	examined.	Where	sulfides	are	identified	or	suspected	from	Test	Suite	A,	a	polished	thin	section	shall	be	prepared	to	aid	in	determining	the	presence,	form,	and	abundance	of	any	sulfides	present.	The	 thin	 section	 preparation	 and	 examination	 shall	 be	 carried	 out	 in	 accordance	 with	 a	 recognised	method	 or	 Standard	 e.g.	 APG	Special	 Report	[8],	 ASTM	C856‐04	[9],	 RICS,	 The	Mundic	Problem	3rd	Edition	[10]	and	BS	1881‐211:2016	[11].	In	addition	to	the	features	listed	in	the	Test	Suite	A	assessment,	the	following	shall	be	recorded:	
 Details	 of	 the	 rock	 types	 present	 in	 both	 the	 coarse	 and	 the	 fine	 aggregate	 and,	 in	 particular,	structures	seen	within	those	components	and	their	degree	of	weathering;	
 Potentially	deleterious	substances	(presence,	identification,	form	and	abundance);	
 Cement	paste;	
 Cement	type;	
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 Presence	of	unreacted	cement;	
 Portlandite	(size,	form,	and	distribution);	
 Microtexture	and	matrix	condition	(assess	the	extent	of	any	carbonation);	
 Reaction	products;	
 Sulfate	minerals	occurrence;	
 Secondary	iron	oxides	occurrence;	
 Cracking	(of	the	aggregate,	of	the	cement	matrix	or	as	a	result	of	sample	preparation);	
 Cracking	(the	width	and	location	of	the	cracking	and	the	relationship	to	the	aggregate	or	the	cement	paste);	and	
 Voids	(size,	shape,	distribution,	abundance	and	reaction	products).	
7.4 Test	Suite	B	–	Further	testing	for	mica	

7.4.1 XRD	(quantification	of	total	mica)	The	XRD	analysis	requires	the	sample	to	be	ground	to	a	fine	powder	and	analysed	to	determine	mineral	composition.	 Mineral	 phases	 shall	 be	 identified	 by	 comparing	 the	 location	 and	 intensities	 of	 the	diffraction	 peaks	 with	 those	 of	 mineral	 reference	 from	 Standards	 in	 the	 International	 Centre	 for	Diffraction	Data	(ICDD)	[12]	database,	following	Rietveld	analysis	or	other	appropriate	analysis	methods	selected	by	the	Professional	Geologist/Petrographer.	Peaks	shall	be	labelled	in	the	X‐ray	diffractograms	with	the	appropriate	mineral	name	and	they	shall	be	included	in	the	Professional	Geologist's	report.	In	most	cases	XRD	will,	at	best,	only	report	a	semi‐quantitative	value	from	a	bulk	concrete	block	sample	with	no	information	on	the	form	of	any	mica	present,	be	it	bound	or	free.	If	the	phases	are	not	crystalline,	it	is	not	possible	to	get	a	unique	diffraction	pattern	from	amorphous	substances.	It	is	generally	accepted	that	the	XRD	may	have	difficulty	in	detecting	quantities	of	minerals	less	than	2	%.	
7.4.2 Compressive	strength	tests	Compressive	 strength	 determination	 shall	 be	 performed	 on	 core	 samples	 or	 on	 individual	 concrete	blocks.	At	least	one	sample	below	the	DPC	and	one	internal	leaf	sample	(minimum	100	mm	diameter)	shall	 be	 tested.	 Compression	 tests	 on	 core	 specimen	 samples	 shall	 be	 performed	 in	 accordance	with	I.S.	EN	12504‐1.		Compression	tests	on	concrete	blocks	(full	or	part)	shall	be	performed	in	accordance	with	I.S.	EN	772‐1,	using	the	immersion	method	and	mortar	capped.	 Information	on	the	specimen	shall	be	recorded	(e.g.	maximum	 nominal	 size	 aggregate,	 voids,	 non‐cylindrical	 shape	 etc)	 in	 conjunction	 with	 density	 and	maximum	load	at	failure.	The	measured	compressive	strength	(N/mm2)	shall	be	reported	to	I.S.	EN	771‐3	and	converted	to	I.S.	20‐1	[13]	if	required.	
7.5 Test	Suite	B	‐	Further	testing	for	pyrite	

7.5.1 Chemical	analysis	The	 objective	 of	 chemical	 testing	 is	 to	 quantify	 the	 sulfur	 containing	 compounds	 in	 the	 sample.	 The	concentration	of	 total	 sulfur	 (TS)	and	acid	soluble	sulfate	 (AS)	should	be	measured	 in	 representative	
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samples.	 The	 concrete	 block	 sample	 shall	 be	 crushed	 to	 <	125	μm	 and	 tested	 in	 accordance	 with	I.S.	EN	1744‐1.	Total	sulfur	(TS)	shall	be	expressed	as	%	S	with	acid	soluble	sulfate	(AS)	expressed	as	%	SO4.	Water	soluble	sulfate	(WS)	can	also	be	determined	to	further	aid	the	interpretation	of	chemical	properties.	NOTE	 For	further	information	see	Annex	E.	
7.5.2 Cement	content	analysis	Cement	content	shall	be	determined	in	accordance	with	Clause	6.5	of	BS	1881‐124:2015.	A	minimum	of	two	samples	 shall	be	analysed	and	 laboratories	 shall	be	 requested	 to	 state	any	assumptions	made	 in	analysis	(e.g.	for	cement	and	aggregate),	as	required	in	BS	1881‐124:2015.	Results	 of	 cement	 content	 testing	 should	 be	 treated	 with	 caution	 by	 the	 Chartered	 Engineer.	 The	Chartered	Engineer	should	consider	the	results	for	cement	content	as	not	definitive	and	should	consider	the	results	in	conjunction	with	other	test	data	(e.g.	compressive	strength,	petrographic	analysis	etc.)	to	establish	their	comparability	and	consistency.		The	cement	content	can	be	calculated	by	assuming	the	presence	of	CEM	1	Portland	Cement,	in	accordance	to	I.S.	EN	197‐1,	containing	20,2	%	and	64,5	%	by	mass	of	soluble	silica	(SiO2)	and	calcium	oxide	(CaO)	respectively,	 unless	more	 specific	 information	 is	 available.	 Cement	 content	by	 SiO2	 and	CaO	 contents	(%	m/m)	shall	be	reported	with	calculated	Preferred	Cement	Content	(%	m/m).		Assumed	figures	for	SiO2	in	aggregates	can	typically	range	from	0,2	%	to	0,5	%.	In	the	absence	of	more	specific	data	a	figure	of	0,25	%	may	be	used.	Cement	 content	 analysis	 in	 accordance	 with	 BS	1881‐124:2015	 depends	 both	 on	 the	 accuracy	 of	assumptions	of	chemistry	(for	cement	and	aggregates)	as	well	as	on	sampling	and	testing	variability.	A	review	 of	 test	 results	 for	 concrete,	 where	 all	 details	 were	 known,	 indicate	 significant	 variation	 in	results	[14];	where	 this	 information	 is	 assumed,	 greater	 levels	 of	 inaccuracy	would	 be	 expected	 (see	Foreword	and	Clause	6	of	BS	1881‐124:2015).	The	variation	 in	results	 can	be	significant	 for	concrete	blocks,	where	 the	cement	content	normally	used	 in	production	 is	 low	compared	 to	 ‘normal	concrete’	mixes	(on	which	comparisons	were	made).	
7.6 Test	Suite	C	‐	Additional	testing	

7.6.1 Mineralogical	composition	by	scanning	electron	microscope	(SEM)/EDX	phase	mapping	SEM/EDX	 may	 be	 recommended	 by	 the	 Professional	 Geologist/Petrographer	 for	 quantitative	mineralogical	analyses,	and	their	morphology	and	distribution.	Where	appropriate,	this	should	include	examination	 and	 evaluation	 of	 sulfide	 (pyrite)	 or	 mica	 minerals.	 Special	 care	 is	 required	 in	 the	preparation	 of	 samples.	 Backscatter	 electron	 images	 and	 elemental	 spectra	 shall	 be	 included	 in	 the	Laboratory	Analysis	Report.	Refer	to	Annex	C	for	further	guidance.	
7.6.2 	 Compressive	strength	test	for	pyrite	Refer	to	7.4.2.	



I.S.	465:2018	

24	

7.7 Interpretation	of	concrete	block	testing	with	suspected	deterioration	due	to	the	
presence	of	free	muscovite	mica	

7.7.1 Test	Suite	A	–	Simplified	petrography	For	a	concrete	block	sample	to	be	classified	as	negligible	risk	(see	7.7.3),	the	sample	should	be	shown	to	be	 sound	with	 no	 evidence	 of	 deterioration	 and	 the	 simplified	 petrography	 should	 confirm	 the	 rare	presence	 or	 the	 absence	 of	 suspected	 problematic	 lithologies/minerals	 (micaceous	 schists/free	muscovite	mica).	For	a	block	sample	to	be	classified	as	low/medium	or	high	risk,	the	sample	should	be	shown	to	be	sound	or	contain	common	or	numerous	problematic	lithologies.		For	a	block	sample	to	be	classified	as	high	or	critical	risk,	deterioration	of	the	sample	should	be	observed,	and/or	the	presence	of	abundant	potentially	problematic	lithologies/minerals	identified.	In	some	cases	where	deterioration	is	observed	it	may	be	required	to	proceed	to	Test	Suite	B	to	identify	and	confirm	the	presence	of	potentially	problematic	lithologies/minerals.	Where	 conclusive	 evidence	of	 deterioration	has	not	been	 observed	 or	 the	 absence	of	 any	potentially	problematic	lithologies/minerals	have	not	been	confirmed	the	Professional	Geologist/Petrographer	shall	further	evaluate	the	concrete	block	samples	by	applying	Test	Suite	B.	NOTE	 Multiple	aggregate	sources	may	have	been	used	during	the	manufacture	of	concrete	blocks.	
7.7.2 Test	Suite	B	–	Detailed	(thin	section)	petrography	In	 Test	Suite	B,	 the	 results	 of	 the	 detailed	 (thin	 section)	 petrographic	 analysis	 and	 XRD,	 if	 deemed	required,	shall	be	evaluated.	Table	2	provides	guidance	on	the	aspects	of	the	test	findings	that	will	assist	in	assessing	the	potential	for	increased	susceptibility	to	deterioration	due	to	freeze	thaw	as	a	result	of	the	presence	of	problematic	lithologies/minerals	(micaceous	schists/free	muscovite	mica),	for	samples	that	have	failed	to	be	classified	by	Test	Suite	A.	The	XRD	should	be	evaluated	in	conjunction	with	the	detailed	(thin	section)	petrography	in	an	attempt	to	quantify	the	abundance	of	potentially	problematic	lithologies/minerals.	NOTE	 XRD	will	only	report	a	semi‐quantative	value	from	a	bulk	concrete	block	sample	with	no	information	on	the	form	of	any	mica	present,	be	it	bound	or	free.		 	
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Table	2	—	Test	Suite	B	–	Detailed	evaluation	for	mica	degradation	in	concrete	blocks	

Risk	Factor	 Derived	from	 Considerations	when	assessing	the	susceptibility	
for	deterioration	from	free	muscovite	mica	Presence	of	mica	bearing	lithologies	 Detailed	(thin	section)	petrography	X‐Ray	Diffraction	(if	required)	 Presence,	type,	form,	and	abundance.	Particular	emphasis	should	be	based	on	the	abundance	of	free	muscovite	mica	in	the	0	mm	to	4	mm	sized	fraction.	Distribution	of	macro	and	micro	cracks	 Detailed	(thin	section)	petrography	 Cracking	in	aggregate,	cement	paste	or	as	a	result	of	sample	preparation.	Microporosity	 Detailed	(thin	section)	petrography	 Increase	in	microporosity	contributing	to	greater	susceptibility	to	freeze	thaw	action.	Cement	paste	 Detailed	(thin	section)	petrography	 Excessive	leaching	of	the	cement	paste.	

Concrete	condition	 Detailed	(thin	section)	petrography	 Sound/Unsound	
7.7.3 Conclusions	Table	3	classifies	the	risk	of	mica	degradation	of	concrete	blocks	according	to	the	interpretation	of	the	test	results.	The	final	classification	will	be	made	by	the	Professional	Geologist/Petrographer	based	on	their	interpretation	of	the	risk	factors.	

Table	3	—	Test	Suite	B	–	Risk	factor	assessment	for	mica	degradation	in	concrete	blocks		 Classification	risk	of	concrete	block	a	

Critical	
Negligible	 Low/Medium	 High	

Risk	Factor	 Interpretation	of	results	Visible	evidence	of	deterioration	of	the	concrete	blocks	 Sound	 Sound	but	potentially	susceptible	
Sound	but	potentially	susceptible	or	Unsound	 Unsound	

Presence	of	“free	muscovite	mica”	b			 Absent/Rare	 Common	 Numerous	 Abundant	Evidence	of	moisture	ingress	 Rare	 Common	 Numerous	 Abundant	Microcracking	 Rare	 Common	 Numerous/Common	 Abundant	or	Pervasive	Degradation/Weakening	of	cement	matrix	(evidence	of	leaching	of	cement	hydrates)	 Rare	 Rare	 Common	 Very	Common	or	Pervasive	Microporosity	 Normal	 Moderate	 High	 Excessive	a	 Range	of	terms	used	to	classify	risk	shall	be	quantified	by	the	Professional	Geologist/Petrographer	and	stated	in	their	report.	b	 "free	muscovite	mica"	as	assessed	by	calculation	or	estimation	by	the	Professional	Geologist/Petrographer.			 	
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The	concrete	block	sample	shall	be	classified	by	the	Professional	Geologist	or	Chartered	Geotechnical	Engineer	as	displaying:	a) Critical	 deterioration	 as	 a	 result	 of	 the	 presence	 of	 problematic	 lithologies/minerals	 (micaceous	schists/free	 muscovite	 mica),	 concrete	 block	 has	 significant	 existing	 damage	 with	 abundant	problematic	lithologies	present;	b) High	susceptibility	to	deterioration	from	freeze	thaw	due	to	the	presence	of	potentially	problematic	lithologies/minerals,	concrete	block	determined	to	be	unsound	or	sound	but	numerous	problematic	lithologies	are	present;	c) Low/Medium	 susceptibility	 to	 deterioration	 from	 freeze	 thaw	 due	 to	 the	 presence	 of	 potentially	problematic	lithologies/minerals,	concrete	block	determined	to	be	sound	but	common	problematic	lithologies	are	present;	or,	d) Negligible	susceptibility	 to	deterioration	 from	freeze	thaw	due	to	 the	absence	or	rare	presence	of	potentially	problematic	lithologies/minerals.	
7.8 Interpretation	of	concrete	block	testing	with	suspected	deterioration	due	to	the	

presence	of	pyrite	or	other	sulfides	

7.8.1 Test	Suite	A	–	Simplified	petrography	For	a	concrete	block	sample	to	be	classified	as	negligible	risk	(see	7.8.3),	the	sample	should	be	shown	to	be	 sound	with	 no	 evidence	 of	 deterioration	 and	 the	 simplified	 petrography	 should	 confirm	 the	 rare	presence	 or	 absence	 of	 suspected	 problematic	 lithologies/minerals	 (see	 S.R.	16	[15])	 e.g.	 calcareous	mudstones	and	shales.		For	a	concrete	block	sample	which	contains	problematic	lithologies	classified	as	minor	or	major,	but	is	shown	to	be	sound,	it	should	be	classified	as	low/medium	or	high	risk.	For	a	concrete	block	sample	 to	be	classified	as	high	or	critical,	deterioration	of	 the	sample	should	be	observed	 and	 the	 presence	 of	 abundant	 fine	 grained	 suspected	 problematic	 lithologies	 should	 be	confirmed.	In	some	cases	where	deterioration	is	observed	it	may	be	required	to	proceed	to	Test	Suite	B	to	identify	and	confirm	the	presence	of	reactive	sulfide(s).	Where	 conclusive	 evidence	 of	 deterioration	 cannot	 be	 observed	 or	 the	 absence	 of	 any	 fine	 grained	suspected	problematic	lithologies	was	not	confirmed,	the	competent	person	shall	further	evaluate	the	concrete	block	samples	by	applying	Test	Suite	B.	NOTE	 Multiple	aggregate	sources	may	have	been	used	during	the	manufacture	of	concrete	blocks.	
7.8.2 Test	Suite	B	–	Detailed	petrography	Table	4	 sets	 out	 the	 key	 risk	 factors	 that	 should	 be	 considered	when	 assessing	 the	 susceptibility	 of	concrete	 to	 degradation	 due	 to	 pyrite	 or	 other	 sulfides,	 and	 the	 methods	 from	which	 the	 pertinent	information	will	be	derived.		 	
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Table	4	—	Test	Suite	B	‐	Detailed	evaluation	for	pyrite	or	other	sulfide	degradation	in	concrete	
blocks	

Key	Risk	Factors	 Derived	from	 Consideration	when	assessing	
susceptibility	for	degradation	Suspected	problematic	lithologies/minerals	a			 Simplified	petrography	and	detailed	(thin	section)	petrography	 Presence	and	proportion	Bedding,	fabric	and	laminations	 Simplified	petrography	and	detailed	(thin	section)	petrography	 Presence	and	proportion	Susceptibility	for	water	absorption	 Simplified	petrography	 Propensity	of	aggregate	to	absorb	water	Calcite	and	clay	minerals	in	aggregate	 Detailed	(thin	section)	petrography	and	XRD	analysis	 Presence,	proportion	and	significance	Framboidal	and	fine	crystalline	forms	of	pyrite	 Detailed	(thin	section)	petrography	 Form,	distribution	and	significance	of	pyrite	form	in	terms	of	alteration	or	expansion	capability	Secondary	reaction	products	(i.e.	gypsum,	thaumasite)	from	oxidation	of	pyrite	or	other	sulfide	 Detailed	(thin	section)	petrography	and	XRD	

Presence	of	secondary	reaction	products	(within	voids,	bleed	channels	or	bedding	fabric.)	Evidence	of	forceful	gypsum	growth	giving	rise	to	degradation		Total	sulfur	(TS)		 Chemical	analysis		 Refer	to	Annex	E	for	guidance	Acid	soluble	sulfate	(AS)	 Chemical	analysis	 Refer	to	Annex	E	for	guidance	Water	soluble	sulfate	(WS)	(optional)		 Chemical	analysis		 Refer	to	Annex	E	for	guidance	a	 Further	information	is	provided	in	S.R.	16	[15].		
7.8.3 Conclusions	Table	5	classifies	the	risk	of	degradation	of	concrete	blocks	according	to	the	interpretation	of	the	test	results.	The	final	classification	will	be	made	by	the	Professional	Geologist/Petrographer	based	on	their	interpretation	of	the	risk	factors.	
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Table	5	—	Test	Suite	B	‐	Risk	factor	assessment	for	pyrite	or	other	sulfide	degradation	of	
concrete	blocks	

Classification	risk	of	concrete	block	a	

Critical	
Negligible	 Low/Medium	 High	

Risk	factor	 Interpretation	of	results	Visible	evidence	of	deterioration	or	degradation	of	the	concrete	blocks/aggregate	 Sound	 Sound	but	potentially	susceptible	
Sound	but	potentially	susceptible	or	Unsound	 Unsound	

Presence	of	problematic	lithologies	 Trace	 Trace/Minor	 Minor/Major	 Major	Presence	of	gypsum	or	secondary	sulfates	 Absent/Rare	 Few	 Numerous	 Abundant	Presence	of	framboidal	form	of	pyrite	or	reactive	forms	of	sulfide	 Absent/Rare	 Few	 Numerous	 Abundant	
Cracking/microcracking	 Absent/Rare	 Few	 Numerous/Common	 Abundant	or	Pervasive	Degradation/Weakening	of	Block	(with	possible	evidence	of	leaching	of	cement	hydrates)	 Absent/Rare	 Rare	 Common	 Very	common	or	Pervasive	
a	 Range	of	terms	used	to	classify	risk	shall	be	quantified	by	the	Petrographer	and	stated	in	their	report.The	concrete	block	sample	shall	be	classified	by	the	Professional	Geologist	or	Chartered	Geotechnical	Engineer	as	displaying:	a) Critical	 deterioration	 as	 a	 result	 of	 the	major	 presence	 of	 problematic	 lithologies	 (e.g.	 calcareousmudstone)/minerals	(pyrite/sulfide),	concrete	block	has	significant	existing	damage;b) High	 susceptibility	 to	 deterioration	 due	 to	 the	 presence	 of	 potentially	 problematiclithologies/minerals,	 concrete	block	determined	 to	be	either	unsound	or	 sound	but	minor/majorproblematic	lithologies	are	present;c) Low/Medium	 susceptibility	 to	 deterioration	 due	 to	 the	 presence	 of	 potentially	 problematiclithologies/minerals,	 concrete	 block	 determined	 to	 be	 sound	 but	 trace/minor	 problematiclithologies/minerals	are	present;	or,d) Negligible	 susceptibility	 to	 deterioration	 from	 sulphide	degradation/pyrite	oxidation	 due	 to	 theabsence/trace	presence	of	potentially	problematic	lithologies.
The	 report	 by	 the	 Professional	 Geologist	 should	 include	 photographs	 of	 the	 samples	 as	 received	illustrating	features	of	interest.	Photographs	of	the	key	features	of	the	thin	section	under	crossed	and	plane	polarized	light	shall	be	included.	

Ref 2.1

7.9 Reporting	
(Click here to return to Ref 2.1 in 
main document)



I.S.	465:2018	

29	

The	 report	 shall	 include	 an	 evaluation	 of	 the	 findings	 and	may	 include	 recommendations	 for	 further	testing	or	examination	of	additional	samples	(e.g.	compressive	strength	test,	7.4.2).	NOTE	 Testing	to	date	has	shown	that	samples	from	blockwork,	taken	from	damaged	buildings	in	accordance	with	Clause	6,	and	deemed	to	have	a	high	susceptibility	to	deterioration	under	Table	3	or	Table	5	may	not	always	exhibit	evidence	of	deterioration	under	petrographic	examination.	This	does	not	rule	out	the	possibility	of	actual	damage	having	occurred	in	concrete	blocks	that	have	not	been	sampled	or	tested.	
8 Remedial	works	

8.1 General	The	 Chartered	 Engineer	 in	 consultation	 with	 the	 Professional	 Geologist	 should	 review	 the	 Building	Grouping	(see	5.3),	test	results	and	the	potential	for	future	degradation	of	retained	concrete	blocks	when	recommending	remedial	works.	Technical	Options	for	remediation	of	dwellings	are	outlined	in	Table	5.1	and	Table	5.2	of	 the	Report	of	 the	Expert	Panel	on	Concrete	Blocks	[1]	and	are	appended	 in	Annex	D.	When	considering	the	remedial	Options	in	Annex	D,	the	Chartered	Engineer	should	take	into	account	the	exposure	 conditions	 of	 blockwork	 150	mm	 above	 and	 150	mm	 below	 finished	 ground	 level.	Consideration	shall	be	given	to	the	increased	risk	of	saturation	with	freezing,	the	advice	given	in	S.R.	325	for	exposure	conditions,	and	the	advice	in	other	relevant	documents	when	specifying	remedial	works.	Alternative	options	for	consideration	by	the	dwelling	owner	may	be	available,	these	carry	unknown	levels	of	risk	as	there	is,	as	yet,	no	available	history	or	evidence	of	their	implementation.	
8.2 Dwellings	exhibiting	structural	wall	damage	from	deterioration	of	blocks	made	

from	aggregates	containing	excessive	free	muscovite	mica	Table	D.1,	which	comes	from	the	Report	of	the	Expert	Panel	on	Concrete	Blocks	[1],	outlines	technical	Options	 for	 remediation	 of	 dwellings	 exhibiting	 damage	 from	 deterioration	 of	 blocks	 made	 from	aggregates	containing	excessive	free	muscovite	mica.	The	 Chartered	 Engineer,	 in	 consultation	 with	 the	 Professional	 Geologist,	 should	 consider	 all	 factors	including,	 but	 not	 limited	 to	 the	 extent	 of	 damage	 to	 date	 (see	 5.3),	 the	 susceptibility	 for	 future	degradation	 of	 the	 blocks	 (see	 7.7.3),	 results	 of	 compressive	 strength	 tests,	 exposure	 conditions,	structural	stability,	relative	costs,	etc.	when	making	any	recommendations	and	setting	out	remediation	options.	All	dwellings	should	be	examined	on	a	case	by	case	basis	and	proposed	solutions	not	limited	to	Table	D.1	should	be	considered.	The	 feasible	 remediation	options,	 together	with	 their	associated	risks,	 should	be	 included	 in	 the	 final	report.	 These	 options	 may	 be	 considered	 by	 a	 dwelling	 owner,	 in	 consultation	 with	 the	 Chartered	Engineer.	Table	6,	together	with	its	requirements	and	recommendations,	gives	minimum	remediation	Options	from	Table	D.1.	 Option	1	 and	 Option	2	 of	 Table	D.1	 are	 remedial	 works	 which	 can	 be	 signed	 off	 by	 the	Chartered	Engineer.	Option	3	and	Option	4	of	Table	D.1	may	also	be	signed	off,	with	caveats,	subject	to	taking	 full	 cognisance	of	 the	 findings	of	 the	Building	Condition	Assessment	 (see	Clause	5)	 and	of	 the	conclusions	of	the	testing	carried	out	on	the	concrete	blocks.	NOTE	 The	 Options	 included	 in	 Table	D.1	 are	 ordered	 in	 descending	 order	 from	 the	most	 invasive	 option	(Option	1)	to	the	least	invasive	option	(Option	5).		 	
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Table	6	—	Selection	of	recommended	remediation	options	(for	dwellings	with	blockwork	
containing	excessive	free	muscovite	mica)	

Results	from	Building	Condition	
Assessment	

Geologist	classification	risk	of	
blockwork	(Table	3)	‐	High	and	
blockwork	sound	but	potentially	
susceptible	to	deterioration	

Geologist	Classification	Risk	of	
Blockwork	(Table	3)	‐	Critical	or	

high	and	unsound	

Rising	wall	 Inner	leaf	 Minimum	remediation	0ption	a	(See	Table	D.1)	Undamaged	 Undamaged	 Option	4	b	 N/A	Undamaged	 Damaged	 Option	3	 Option	2	Damaged	 Damaged/	Undamaged	 Option	2	 Option	1	1. Works	 shall	 be	 incorporated	which	 resist	 moisture	 ingress	 or	 otherwise	 protect	 against	 freeze	 thaw	 in	retained	blockwork,	e.g.	membranes,	renders,	insulation,	etc.	2. The	efficacy	and	longevity	of	remedial	works	options	other	than	Option	1	and	Option	2	of	Table	D.1	are	as	yet	uncertain.	Based	on	limited	test	data	available	to	date,	concrete	blocks	containing	free	muscovite	mica	will	not	deteriorate	if	they	are	kept	dry	in	freezing	conditions	or	are	protected	from	freezing	when	wet.	3. Any	sign	off	in	respect	of	such	remedial	works	shall	acknowledge	the	risk	inherent	in	retaining	blockwork	which	could	be	susceptible	to	degradation	if	exposed	to	freeze	thaw	conditions.		4. Ongoing	maintenance	and	monitoring	of	the	dwelling’s	structural	condition	would	be	required	if	Option	3,	Option	4	or	Option	5	are	implemented	to	assess	if/when	further	structural	action	should	be	taken.	
a	 In	certain	circumstances,	less	invasive	Options	may	need	to	be	considered.	b	 Where	damage	is	sufficiently	localised,	remediation	Option	5	may	be	considered.	
8.3 Dwellings	exhibiting	structural	wall	damage	due	to	pyrite	induced	expansion	in	

concrete	blocks	In	the	case	of	a	dwelling	in	Group	2,	Group	3	or	Group	4,	which	is	exhibiting	structural	wall	damage	as	a	consequence	of	pyrite	induced	expansion,	Option	1	in	Table	D.2,	(demolish	entire	dwelling	and	rebuild)	is	an	effective	solution	which	can	be	signed	off	by	the	Chartered	Engineer.	For	dwellings	in	Group	2	and	Group	3,	alternative	options	could	be	considered	by	a	dwelling	owner,	in	consultation	with	the	Chartered	Engineer,	to	try	to	reduce	the	potential	rate	of	block	deterioration.	The	efficacy,	longevity	and	risk	of	such	alternatives	is	not	known.	Ongoing	maintenance	and	monitoring	of	the	dwelling’s	structural	condition	would	be	required	if	such	options	are	implemented	to	assess	if/when	further	structural	action	should	be	taken.	NOTE	 The	UK	RICS	Mundic	reports	contains	other	guidance	and	information	which	may	be	of	assistance.	In	the	UK,	some	houses	built	mainly	before	1950	in	the	south	west	of	England	contained	pyrites	(“Mundic”	material)	in	their	concrete	block	or	mass	concrete	walls.	Structural	deterioration	occurred	rapidly	in	some	cases,	but	guidance	on	assessing	surviving	houses	was	first	issued	in	1994	and	revised	in	the	third	edition	in	2015	[10].		 	
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9 Reports	and	conclusions	

9.1 General	The	Chartered	Engineer's	final	report	shall	be	prepared	based	on	the	conclusions	from	the	following:	a) Building	Condition	Assessment	(see	Clause	5),	which	includes:	
 Desk	study	(see	5.2.1);		
 Dwelling	inspection	(see	5.2.2);	and	
 Building	Grouping	(see	5.3).	b) A	final	Professional	Geologist/Chartered	Geotechnical	Engineer's	report	based	on	the	conclusions	from	the	following:	
 Block	sampling	records;	and	
 Laboratory	analysis	reports.	

9.2 Final	report	The	Chartered	Engineer's	final	report	shall	include	the	following:	a) A	declaration	that	the	he/she	has	exercised	reasonable	skill	and	care	when:	
 completing	the	dwelling	inspection	and	choosing	the	sample	locations;	
 concluding	 that	 the	 sample	 material	 selected	 for	 concrete	 assessment	 is	 reasonably	representative	of	the	parts	of	the	building	inspected;	
 commissioning	of	the	sampling	and	testing	procedures	in	line	with	this	Irish	Standard;	
 considering	the	results	and	findings;	and	
 preparing	the	report	in	compliance	with	this	Irish	Standard.	b) An	Executive	Summary,	which	shall	address	the	following	points:	
 The	extent	of	damage	to	date	(Building	Grouping);	
 The	possible	causes	of	damage,	including:	i) The	presence	of	deleterious	materials	in	the	concrete	block	ii) Identification	of	the	deleterious	materials	iii) Clarification	or	estimation	of	the	amount	of	deleterious	materials	
 Where	retention	of	any	blockwork	is	being	considered,	confirmation	that	the	block	compressive	strengths	are	sufficient;	and	
 Indicate	the	potential	for	future	deterioration	of	retained	blocks	in	their	current	state.	
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c) An	outline	of	the	feasible	remedial	works	and	their	associated	risks,	see	Clause	8	for	guidance;	d) A	copy	of	the	Building	Condition	Assessment	report	(see	5.4);		e) A	copy	of	the	interim	report,	where	issued;	and	f) A	copy	of	the	laboratory	analysis	reports	(see	7.9).	
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	(informative)	
	

Example	Building	Condition	Assessment	report	template	

Information	on	the	building	

Address:	 Eircode:	

Type	of	building:	

Description	of	site	location	e.g.	in	a	residential	estate	or	private	site:	
Orientation:	

Year	built:	

Floor	area	(m2):		

Year	defects	first	appeared:	

Weather	at	time	of	assessment:	

Current	owner:	

Other	information	e.g.	brief	history	of	development	of	damage:	
	
	

Site	inspection	of	damage	

Chartered	Engineer	carrying	out	the	inspection:	
	

Date:	 Qualifications:	

Circumstantial	Evidence	

Source	of	concrete	block	materials:	 	Is	there	information	that	the	blocks	in	the	dwelling	came	from	manufacturer(s)	reported	to	have	 supplied	 blocks	 to	 other	 dwellings	 exhibiting	 damage	 likely	 to	 have	 arisen	 from	deleterious	material	in	concrete	blocks?	 	Yes		No	Was	 the	 dwelling	 constructed	within	 the	 date	 range	 of	 constructions	mentioned	 in	 the	Report	of	the	Expert	Panel	on	Concrete	Blocks	[1],	and	in	the	geographic	areas	reported	to	be	affected?	 	Yes		No	Is	there	documented	information	(e.g.	Chartered	Engineer's	Report)	that	other	dwellings	in	 the	 same	 estate	 or	 locale	 have	 exhibited	 signs	 of	 damage	 likely	 to	 have	 arisen	 from	deleterious	material	in	concrete	blocks?	 	Yes		No	Are	other	houses	in	the	same	estate	exhibiting	signs	of	damage	likely	to	have	arisen	from	deleterious	material	in	concrete	blocks?	 	Yes		No	
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Notes:	

External	sketches	

Site	plan	

	

Notes:	

 Note	general	site	features	i.e.	 level/sloping	 site,	orientation/local	exposure	conditions	
 Provide	key	(see	example	below)	Photograph	Ref	No.	

		
Front	elevation	 Notes:	

Web	like	cracking	 	Yes		No	Pattern	like	cracking	(combined	horizontal	and	vertical)		 	Yes		No	
Disintegrated	blocks	leaving	void	in	external	leaf	 	Yes		No	
Outward	bowing	of	external	leaf	 	Yes		No	Wide	vertical	crack,	typically	200	mm	from	corner	 	Yes		No	
Displacement	at	window/door	reveals	 	Yes		No	Render	blown	or	missing	 	Yes		No	Horizontal	cracks	(possibly	attributable	to	day	joint	in	blockwork)	 	Yes		No	
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Rear	elevation	 Notes:	

Web	like	cracking	 	Yes		No	Pattern	like	cracking	(combined	horizontal	and	vertical)		 	Yes		No	
Disintegrated	blocks	leaving	void	in	external	leaf	 	Yes		No	
Outward	bowing	of	external	leaf	 	Yes		No	Wide	vertical	crack,	typically	200	mm	from	corner	 	Yes		No	
Displacement	at	window/door	reveals	 	Yes		No	Render	blown	or	missing	 	Yes		No	Horizontal	cracks	(possibly	attributable	to	day	joint	in	blockwork)	 	Yes		No	

Side	elevation	 Notes:	

Web	like	cracking	 	Yes		No	Pattern	like	cracking	(combined	horizontal	and	vertical)		 	Yes		No	
Disintegrated	blocks	leaving	void	in	external	leaf	 	Yes		No	
Outward	bowing	of	external	leaf	 	Yes		No	Wide	vertical	crack,	typically	200	mm	from	corner	 	Yes		No	
Displacement	at	window/door	reveals	 	Yes		No	Render	blown	or	missing	 	Yes		No	Horizontal	cracks	(possibly	attributable	to	day	joint	in	blockwork)	 	Yes		No	
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Side	elevation	 Notes:	

Web	like	cracking	 	Yes		No	Pattern	like	cracking	(combined	horizontal	and	vertical)		 	Yes		No	
Disintegrated	blocks	leaving	void	in	external	leaf	 	Yes		No	
Outward	bowing	of	external	leaf	 	Yes		No	Wide	vertical	crack,	typically	200	mm	from	corner	 	Yes		No	
Displacement	at	window/door	reveals	 	Yes		No	Render	blown	or	missing	 	Yes		No	Horizontal	cracks	(possibly	attributable	to	day	joint	in	blockwork)	 	Yes		No	

Building	Grouping	per	I.S.	465	

	 Group	1	 	 Group	2	

	 Group	3	 	 Group	4	

Location	of	sampling	to	be	marked	on	he	dwelling	and/or	on	sketch	elevations	

e.g.	Front	Elevation	Sketch		
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	(informative)	
	

Example	sample	record	and	chain	of	custody	

Custody	form/Sampling	schedule	 Sampling	company	Details	&	Logo	

Owner:	 	 	 	
Address:	 	 Project	No.:	 	
Chartered	Engineer:	 	 Sampling	protocols:	 	
Date	Sampled:	 	 Technician:	 		
Sample	Ref.	No.	

Sampling	Information	

Sample	Location	 Above		
DPC	

Below		
DPC	

>450mm		
Below	DPC	

I	(Inner	leaf)	
O	(Outer	leaf)	
S	(Single	skin)	 Drilling	Characteristics	/	Remarks	 Photographs	

	 	 	 	 	 	 	 		 	 	 	 	 	 	 		 	 	 	 	 	 	 		 	 	 	 	 	 	 		
	 Name		 Company	Name	 Date	

Samples	taken	by:	 	 	 	
Samples	approved	by:	 	 	 	
Samples	received	by:	 	 	 	
Notes/Comments:	 	



I.S.	465:2018	

38	

	(informative)	
	

Guidance	on	further	testing	

C.1 Estimation	of	free	muscovite	mica	The	 free	muscovite	mica	 associated	with	 phyllite	 aggregates	 is	 typically	 very	 fine	 and	 dominated	 by	particles	in	the	<	63	µm	size	fraction.	Estimating	free	muscovite	mica	content	from	thin	sections	is	greatly	hindered	by	the	following	factors:	a) The	detection	of	<	63	µm	free	muscovite	mica	in	cement	matrix	is	greatly	hindered	by	carbonation,	this	is	because	carbonation	reduces	the	contrast	between	the	mica	and	matrix;	b) The	small	size	of	free	muscovite	mica	flakes	means	that	several	mica	crystals	may	be	superimposed	in	a	standard	thin	section	of	30	µm	thickness;	and	c) Altered	mica	 in	 the	 form	of	chlorite	cannot	always	be	reliably	distinguished	 from	unaltered	mica	where	the	particle	size	is	<	30	µm	For	the	above	reasons	alternative	techniques	such	as	XRD	or	SEM/EDX	analysis	are	required	to	estimate	the	amounts	of	free	muscovite	mica	in	the	cement	matrix	of	a	concrete	block.	
C.2 SEM	for	mica	Backscattered	 secondary	 electron	 images	 of	 resin	 impregnated	 and	 polished	 concrete	 sections	 will	provide	visual	information	on	the	amount	of	<	63	µm	free	muscovite	mica	within	the	cement	matrix.	A	number	of	sites	in	the	sample	should	be	examined	under	appropriate	magnification	and	the	percentage	of	 free	 muscovite	 mica	 estimated	 visually	 or	 quantified/measured,	 by	 point	 counting	 or	 using	elemental/phase	 mapping/image	 analysis	 techniques.	 The	 Petrographer’s	 report	 should	 contain	image(s)	showing	typical	free	muscovite	mica	concentration(s),	quantification	of	it	and	the	method	used	to	obtain	the	value(s).	
C.3 SEM/EDX	for	pyrite	Backscattered	 secondary	 electron	 images	 of	 resin	 impregnated	 and	 polished	 concrete	 sections	 will	provide	visual	information	on	the	form	and	distribution	of	pyrite	and	may	show	if	there	is	evidence	of	oxidation	and	attendant	cracking.	Semi‐quantitative	energy	dispersive	X‐ray	microanalysis	(EDX)	should	provide	information	on	what	degree	of	oxidation	of	pyrite	has	taken	place.	EDX	analysis	should	be	used	in	conjunction	with	phase	mapping	for	sulfur	(if	appropriate)	to	show	how	sulfate	is	distributed	in	the	cement	matrix	and	to	determine	whether	or	not	there	is	evidence	for	ettringite,	thaumasite	or	gypsum	formation	 as	 a	 result	 of	 internal	 sulfate	 attack.	 The	 Petrographer’s	 report	 should	 contain	 image(s)	showing	the	 form(s)	of	pyrite,	quantification	of	 it	and	the	method	used	to	obtain	 the	value(s).	Where	pyrite	oxidation	is	found,	EDX	spectra	of	the	oxidised	and	unoxidised	areas	should	be	included.	The	report	should	identify	whether	or	not	the	SEM	analysis	shows	evidence	for	expansion	of	the	concrete	block	as	a	result	of	sulfate	attack	and/or	framboidal	alteration.	Such	evidence	would	include:	a) cracking	linked	to	the	growth	of	alteration	rims	around	framboidal	pyrite	crystals;	b) gypsum	formation	in	cracks	in	the	aggregate	particles;	and/or,	c) sulfate	attack	of	the	cement	matrix	surrounding	the	aggregate	particles.	



I.S.	465:2018	

39	

	(informative)	
	

Remedial	works	

Table	D.1	 and	Table	D.2	have	been	 taken	 from	 the	Report	of	 the	Expert	Panel	on	Concrete	Blocks	[1]	commissioned	by	the	Department	of	Housing,	Planning,	Community	and	Local	Government.	
Table	D.1	—	Technical	options	for	remediation	of	affected	dwellings	‐	County	Donegal	‐		

(Table	5.1	from	Report	of	the	Expert	Panel	on	Concrete	Blocks)	

Option	
No.	 Description	 Pros	 Cons	1.	 Demolish	entire	dwelling	to	foundation	level	and	rebuild.	 Removal	of	all	concrete	blocks	susceptible	to	deterioration.	Sign	off	of	works	by	a	competent	professional,	without	reservation	is	possible.	

This	is	the	most	expensive	remediation	option.	Longest	programme	duration	and	may	involve	making	a	planning	application.	Alternative	accommodation	will	be	required	for	duration	of	works.	2.	 Demolish	and	rebuild	external	walls	(both	outer	and	inner	leafs)	down	to	foundation	on	a	phased	basis	and	re‐render.	
10	%	to	25	%	less	expensive	than	Option	1.	Sign	off	of	works	by	a	competent	professional	without	reservation	is	possible.	

Elaborate	temporary	works	necessary.	Alternative	accommodation	will	be	required	for	duration	of	works.	
3.	 Demolish	and	rebuild	external	walls	(both	outer	and	internal	leafs)	down	to	top	of	rising	wall	on	a	phased	basis	and	re‐render.	

15	%	to	30	%	less	expensive	than	Option	1.	Sign	off	of	works	by	a	competent	professional	may	be	possible.	
Detailed	assessment	of	the	condition	of	any	retained	rising	wall	(above	and	below	the	DPC	level)	required.	Elaborate	temporary	works	necessary.	Possible	reservations	to	sign‐off	regarding	long	term	durability	of	rising	walls.	Alternative	accommodation	will	be	required	for	duration	of	works.	4.	 Demolish	and	rebuild	external	walls	(outer	leaf	only)	down	to	top	of	rising	wall	on	a	phased	basis	and	re‐render.	

70	%	to	75	%	less	expensive	than	Option	1.	Occupant	relocation	may	not	be	necessarily	essential.	Sign	off	of	works	by	a	competent	professional	may	be	possible.	

Detailed	assessment	of	the	condition	of	any	retained	rising	wall/	inner	leaf	(above	and	below	the	DPC	level)	required.	
5.	 Take	down	and	rebuild	outer	leaf	of	affected	walls	only	and	re‐render.	 Less	expensive	than	Option	4.	Occupant	relocation	not	necessary.	 Detailed	evaluation	of	the	retained	rising	wall/inner	leaf	(above	and	below	the	DPC	level)	required.	Reluctance	to	sign‐off	by	competent	professionals.Problems	may	emerge	in	other	walls.	NOTES:	The	cost	comparison	presented	in	the	Table	is	based	on	a	preliminary	costing	commissioned	by	the	Panel	for:	a)	 Dormer	Bungalow,	3	Bedroom,	187,7	m2	(2	021	sq.ft),	and	b)	 Two	Storey,	4	Bedroom,	141	m2	(1	520	sq.ft).	Other	technical	solutions	may	exist.		
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Table	D.2	—	Technical	options	for	remediation	of	affected	dwellings	‐	County	Mayo	‐		
(Table	5.2	from	Report	of	the	Expert	Panel	on	Concrete	Blocks)	

Option	
No.	

Description	 Pros Cons	1.	 Demolish	entire	dwelling	and	rebuild.	 Removal	of	all	concrete	blocks	susceptible	to	deterioration.	Sign	off	of	works	by	a	competent	professional,	without	reservation	is	possible.	
This	is	the	most	expensive	remediation	option.	Longest	programme	duration	and	may	involve	making	a	planning	application.	Alternative	accommodation	will	be	required	for	duration	of	works.	2.	 Demolish	and	rebuild	external	walls	(both	outer	and	internal	leafs)	down	to	foundation	on	a	phased	basis	and	re‐render.	

10	%	to	25	%	less	expensive	than	Option	1.	Sign	off	of	works	by	a	competent	professional	without	reservation	may	be	is	possible.	
Elaborate	temporary	works	necessary.	Alternative	accommodation	will	be	required	for	duration	of	works.	3.	 Demolish	and	rebuild	external	walls	(both	outer	and	internal	leafs)	down	to	top	of	rising	wall	on	a	phased	basis	and	re‐render.	

15	%	to	30	%	less	expensive	than	Option	1.	Sign	off	of	works	by	a	competent	professional	may	be	possible.	
Detailed	assessment	of	the	condition	of	any	retained	rising	wall	(above	and	below	the	DPC	level)	required.	Elaborate	temporary	works	necessary.	Possible	reservations	to	sign‐off	regarding	long	term	durability	of	rising	walls.	Alternative	accommodation	will	be	required	for	duration	of	works.	4.	 Demolish	and	rebuild	external	walls	(outer	leaf	only)	down	to	top	of	rising	wall	on	a	phased	basis	and	re‐render.	

70	%	to	75	%	less	expensive	than	Option	1.	Occupant	relocation	not	necessary.	 Detailed	assessment	of	the	condition	of	any	retained	rising	wall/inner	leaf	(above	and	below	the	DPC	level)	required.	Reluctance	to	sign‐off	by	competent	professionals.	Problems	may	emerge	in	the	future	of	the	inner	leaf.	NOTES:	The	cost	comparison	presented	in	the	Table	is	based	on	a	preliminary	costing	commissioned	by	the	Panel	for:	a)	 Dormer	Bungalow,	3	Bedroom,	187,7m2	(2	021	sq.ft)	and	b)	 Two	Storey,	4	Bedroom,	141m2	(1	520	sq.ft).	Other	technical	solutions	may	exist.			



I.S.	465:2018	

41	

	(informative)	
	

Guidance	on	elevation	of	degradation	of	concrete	blocks	due	to	
pyrite/sulfides	

E.1 General	This	Annex	provides	guidance	on	assessing	results	of	chemical	tests	undertaken	on	samples	of	concrete	blocks	from	damaged	dwellings.	The	chemical	tests	recommended	in	7.5	and	Table	4	are	for	acid	soluble	sulfate	(AS)	and	total	sulfur	(TS).	The	main	sources	of	sulfur/sulfate	are	from	the	aggregates	and	the	cement	used	in	the	manufacture	of	the	concrete	blocks.	
E.2 Acid	soluble	sulfate	(AS)	This	 test	 is	used	 to	determine	 the	 total	of	all	 acid	soluble	sulfates	 (AS)	 that	may	be	present.	Pyrite	 is	generally	left	untouched	by	the	acid	extraction	[16].	Aggregates	which	are	compliant	with	I.S.	EN	12620	[3]	and	S.R.	16	[15]	are	restricted	to	a	maximum	level	of	sulfate	(as	SO4)	of	0,2	%.	The	level	of	sulfate	will	be	proportionately	influenced	by	the	amount	of	cement	in	the	block	mix	and	its	sulfate	(SO3)	content.	However,	these	values	are	usually	unknown/uncertain	where	investigations	are	being	undertaken	on	samples	from	damaged	dwellings	which	are	several	years	old.	For	example,	the	sulfate	content	for	a	standard	block	(5,0	N/mm2	to	I.S.	20‐1;	7,5	N/mm2	to	I.S.	EN	771‐3),	with	an	average	cement	content	of	6,5	%	(by	oven	dry	weight)	and	using	CEM	I	Portland	Cement,	with	an	SO3	content	of	3,3	%	(limit	for	CEM	I	42,5R	(RH	cement)	is	4,00	%)	would	be	approximately	0,44	%	(as	SO4),	 when	 aggregates	with	 0,2	%	maximum	 limit	 are	 used.	 This	 level	would	 be	 exceeded	 if	 cement	contents	were	increased	to	allow	for	earlier	handling	requirements	or	the	SO3	content	of	cement	was	higher	 than	 average	 (e.g.	 for	 RH	 cement,	 often	 used	 in	 winter).	 The	 RICS	 Guidance	 on	 the	 Mundic	Problem	[10]	acknowledges	that	values	of	AS	up	to	0,5	%	(as	SO4)	are	not	considered	abnormal	for	CEM	I	Portland	Cement	concrete	mixes.	NOTE	 The	convention	in	reporting	sulfate	in	cement	is	to	report	it	as	SO3.	The	convention	in	reporting	sulfate	in	aggregates	is	to	report	it	as	SO4.	Conversion	of	SO3	to	SO4	is	achieved	by	multiplying	SO3	by	a	factor	of	1,2.	For	 blocks	 of	 higher	 strength,	 and	 consequently	 higher	 cement	 content	 than	 standard	 blocks,	 or	 for	special	blocks,	the	level	of	sulfate	would	be	increased.	It	is	recommended	to	consider	the	results	of	tests	for	AS	in	conjunction	with	tests	for	other	properties.	In	the	case	of	standard	blocks	(5,0	N/mm2	to	I.S.	20‐1;	7,5	N/mm2	to	I.S.	EN	771‐3),	a	value	of	AS	above	0,5	%	(as	SO4),	together	with	evidence	from	detailed	(thin	section)	petrography,	should	confirm	the	presence	of	 sulfate/sulfides	 in	 aggregates.	 Where	 this	 occurs	 the	 Professional	 Geologist/Petrographer	 should	confirm	the	potential	or	evidence	of	damage	to	the	concrete	block	as	evidence	of	sulfide	degradation.	For	blocks	of	higher	strength	or	special	blocks	 the	value	of	0,5	%	(arising	 from	compliant	aggregates	and	cement)	is	likely	to	be	exceeded.	
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Results	 from	other	methods	 (e.g.	detailed	 (thin	section)	petrography,	SEM/EDX,	XRD)	and	results	 for	cement	content,	see	7.5.2	for	reliability,	should	also	be	considered	in	conjunction	with	the	above.	
E.3 Total	sulfur	(TS)	Total	sulfur	is	defined	as	the	total	of	all	sulfur	present	as	sulfate,	plus	any	present	as	sulfide	(including	pyrite),	and	any	that	is	present	in	any	organic	matter	[14].	Aggregates	which	are	compliant	with	I.S.	EN	12620	[3]	and	S.R.	16	[14]	are	restricted	to	a	maximum	level	of	total	sulfur	(as	S)	of	1,0	%,	(with	caveats).	The	level	of	total	sulfur	determined	in	a	sample	from	a	block	will	also	be	influenced	by	the	amount	of	cement	and	its	sulfate	(SO3)	content	(which	is	considered	to	be	acid‐soluble).	The	contribution	to	total	sulfur	from	cement	for	a	standard	block	(with	the	parameters	as	outlined	in	the	example	given	in	E.2)	would	be	approximately0,1	%.	For	blocks	other	than	standard	(5,0	N/mm2	to	I.S.	20‐1	[13];	7,5	N/mm2	to	I.S.	EN	771‐3)	the	contribution	of	cement	to	total	sulfur	would	be	expected	to	be	somewhat	higher.	The	Professional	Geologist	shall	ensure	that	they	can	account	for	the	total	sulfur	(S)	concentration	of	the	concrete	as	a	combination	of	the	sulfur	in	the	cement	and	the	sulfur	in	the	aggregate,	which	if	present,	shows	 negligible	 potential	 for	 the	 cause	 of	 degradation.	 If	 the	 sulfur	 is	 considered	 elevated,	 the	Professional	Geologist	should	consider	other	data	such	as	the	AS	test	results	(see	E.2),	evidence	 from	detailed	(thin	section)	petrography,	SEM/EDX	or	XRD	analysis.	The	 RICS	 Guidance	 on	 the	 Mundic	 Problem	[10]	 states	 that	 “the	 numerical	 difference	 between	 the	determined	percentage	of	 total	 sulfur	 (S)	and	 the	determined	percentage	of	acid‐soluble	sulfate	 (also	expressed	as	S)	gives	a	measure	of	the	‘sulfide’	content,	including	pyritic	sulfur	and	sulfide”.	If	 the	 presence	 or	 origin	 of	 sulfate	 minerals	 cannot	 be	 determined	 by	 optical	 microscopy,	 then	supplemental	methods	should	be	utilised	e.g.	SEM/EDX	or	XRD	analysis.	
E.4 Water	soluble	sulfate	(WSS)	This	optional	test	may	be	used	to	measure	soluble	sulfate	(SO4)	or	aqueous	extract	sulfate	(2:1	water	crushed	 concrete	 extract)	 that	may	be	present	 in	 concrete	 blocks	 as	 a	 result	 of	 pyrite	 oxidation	 and	degradation.		The	test	may	be	used	for	the	assessment	of	the	potentially	aggressive	concentration	of	sulfate	ions	that	may	be	readily	leached.	It	can	provide	evidence	of	pyritic	reaction	and	formation	of	secondary	sulfate	reaction	 products	 (e.g.	 gypsum)	 where	 presence	 of	 potentially	 problematic	 lithologies/minerals	 is	known.	There	will	be	a	contribution	of	sulfates	from	the	cement	which	will	vary	dependent	on	cement	type	and	quantity.	The	 crushed	 concrete	 block	 sample	 is	 tested	 in	 accordance	 with	 Clause	10	 of	I.S.	EN	1744‐1:2009+A1:2012,	which	is	a	test	used	to	measure	water	soluble	sulfates	in	aggregates.	The	results	are	expressed	 in	mean	soluble	 sulfate	 content	 (as	SO3)	by	mass	of	 aggregate	 (%)	or	as	water	soluble	sulfate	content	(as	SO3)	in	mg/l.		 	
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L.	S.	



 
 
 
 
National Standards Authority of Ireland 

 
NSAI is the state standardization body set up under the National Standards Authority of 
Ireland Act 1996 to publish Irish Standards. 
 
Revisions 
Irish Standards are updated by amendment or revisions from time to time.  Users of Irish 
Standards should make sure that they possess the latest versions. 
 
NSAI’s Tailored updating service is designed to meet your precise needs and is therefore 
the most efficient and cost-effective way of keeping ahead.  For more details on the 
tailored updating service see: 
 
Standards.ie 
Tel.: +353 1 857 6730/1 
 
Buying standards 
NSAI and International publications can be accessed: 

⎯ at standards.ie  

⎯ by tel: +353 1 857 6730/1 or  

⎯ email: info@standards.ie.  
 
Feedback on Standards 
NSAI welcomes any comments on standards whether proposing an amendment, correcting 
an error or identifying an ambiguity.  Please use the “About NSAI” and then “Contact us” 
buttons on the NSAI.ie home page to explain your comment. 
 
Participation in developing Standards 
NSAI Standards, whether of National, European or International origin, are drawn up by 
panels of experts.  Persons with expert knowledge in any field where standardization work 
is taking place and who are interested in contributing to the work of the panels are 
welcome to make themselves known to NSAI.  Please note that conditions apply.  Click on 
the “Get involved in Standards Development” button in NSAI.ie 

 
 



STATUTORY INSTRUMENTS. 

S.I. No. 25 of 2020 

________________ 

DWELLINGS DAMAGED BY THE USE OF DEFECTIVE CONCRETE 
BLOCKS IN CONSTRUCTION (REMEDIATION) (FINANCIAL 

ASSISTANCE) REGULATIONS 2020 

(Click here to return to Ref 3 in 
main report document)

(Click here to return to 
Appendix Contents)



2  [25] 
 

 

S.I. No. 25 of 2020 
 
Dwellings Damaged by the Use of Defective Concrete Blocks in Construction 

(Remediation) (Financial Assistance) Regulations 2020 
 

I, EOGHAN MURPHY, Minister for Housing, Planning and Local 
Government, in exercise of the powers conferred on me by, in respect of 
Regulation 2 of the following regulations, section 2, having consulted with the 
Minister for Finance and the Minister for Transport, Tourism and Sport (as 
adapted by the Public Service (Alteration of Name of Department and Title of 
Minister) Order 1987 (S.I. No. 83 of 1987)) and section 5 of the Housing 
(Miscellaneous Provisions) Act 1979 (No. 27 of 1979) (as adapted by the 
Housing, Planning, Community and Local Government (Alteration of Name of 
Department and Title of Minister) Order 2017 (S.I. No. 358 of 2017)), and with 
the consent of the Minister for Public Expenditure and Reform, hereby make 
the following regulations: 
 

Citation 

1. These Regulations may be cited as the Dwellings Damaged by the Use 
of Defective Concrete Blocks in Construction (Remediation) (Financial 
Assistance) Regulations 2020. 

 

Designation and authorisation by Minister of housing authorities to discharge 

function of paying grants 

2. The following housing authorities are authorised to discharge on behalf 
of the Minister the function of paying grants to be paid under these 
Regulations: 

(a) Donegal County Council, in the case of relevant dwellings 
located in the administrative area of that council; 

(b) Mayo County Council, in the case of relevant dwellings located 
in the administrative area of that council. 

 

Interpretation 

3. In these Regulations - 

“applicant” has the meaning assigned to it by Regulation 8(2); 
“application for confirmation of eligibility” means an application under 
Regulation 8; 

“application for grant approval” means an application under Regulation 9; 
“application for payment” means an application under Regulation 10; 
“approved cost” means the cost approved by a relevant local authority as the 
reasonable cost of carrying out the qualifying works required for the relevant 
remedial option concerned, the maximum amount of which shall not exceed the 
maximum approved cost set out in column (4) of the Schedule opposite a 
particular reference number set out in column (1) of that Schedule in respect of 

Notice of the making of this Statutory Instrument was published in 

“Iris Oifigiúil” of 4th February, 2020. 
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the relevant remedial option concerned set out in column (2) thereof opposite 
that particular reference number; 

“certificate of remediation”, in relation to a relevant dwelling, means a 
certificate, in such form as may be specified by the Minister, signed by a 
contractor and a competent engineer certifying that, on a stated date on or 
before the date on which the certificate is signed, the qualifying works to the 
dwelling carried out and supervised by the contractor, and designed and 
inspected by the competent engineer - 

(a) were completed in accordance with the remedial works plan 
concerned, and 

(b) are compliant with the requirements of the Second Schedule to 
the Building Regulations 1997 (S.I. No. 497 of 1997); 

“competent engineer” means a chartered engineer who is listed on the register, 
commonly known as the I.S. 465:2018 Register (Concrete Blocks and Mica), 
established and maintained by the Institute of Engineers of Ireland, of chartered 
engineers who have the necessary direct professional experience, competence 
and specialist training in accordance with the requirements set out in I.S. 
465:2018; 

“confirmation of eligibility” has the meaning assigned to it by Regulation 8(1); 

“confirmation of grant approval” has the meaning assigned to it by Regulation 
9(1);  

“contractor” means an individual, sole trader, partnership or registered 
company who or that carries out, or who or that it is proposed will carry out, 
some or all of the qualifying works to a relevant dwelling pursuant to a 
remedial works plan; 

“defective concrete blocks” means concrete blocks that contain excessive 
amounts of certain deleterious materials, namely free or unbound muscovite 
mica or reactive pyrite, or a combination of both, and in respect of which I.S. 
465:2018 applies;  

“dwelling” includes a house, an apartment, a duplex or a maisonette; 

“eligible applicant” has the meaning assigned to it by Regulation 9(1); 
“engineer’s report” has the meaning assigned to it by Regulation 6; 
“final payment”, in relation to a relevant dwelling, means the final payment 
payable by a relevant local authority to a scheme participant under these 
Regulations in respect of that dwelling; 

“I.S. 465:2018” means Irish Standard 465:2018 Assessment, testing and 
categorisation of damaged buildings incorporating concrete blocks containing 
certain deleterious materials, published by the National Standards Authority of 
Ireland and any amendment thereto; 

“Minister” means the Minister for Housing, Planning and Local Government; 
“programme of works”, in relation to a relevant dwelling, means a document 
prepared by the contractor who it is proposed will carry out the works 
concerned, in which the anticipated duration and sequencing of the works 
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required for and associated with the relevant remedial option specified in the 
remedial works plan relating to the relevant dwelling are set out; 

“qualifying works”, in relation to a relevant dwelling, means works required 
for or ancillary to the remediation, in accordance with the relevant remedial 
option recommended in respect of the dwelling, of damage to the dwelling 
arising out of, or in connection with, the use of defective concrete blocks in its 
construction, and includes - 

(a) the supervision, oversight and inspection of such works, 

(b) the preparation of an engineer’s report in respect of the 
dwelling, including such investigation or assessment of the 
damage as forms part of the engineer’s report, 

(c) the preparation of a remedial works plan in respect of the 
dwelling, and 

(d) the provision of a certificate of remediation in respect of the 
dwelling,  

and all activities related to the foregoing; 

“relevant dwelling” has the meaning assigned to it by Regulation 4; 
“relevant local authority” means, in relation to a relevant dwelling, the housing 
authority, being either Donegal County Council or Mayo County Council, as 
the case may be, in the administrative area of which the dwelling is located; 

“relevant owner” has the meaning assigned to it by Regulation 5; 
“relevant person”, in relation to the issue of a tax clearance certificate, means –  

(a) the competent engineer who provided the engineer’s report, who 
prepared the remedial works plan or who provided the certificate 
of remediation and professional oversight of the qualifying 
works concerned, as the case may be, 

(b) where the competent engineer who performed the activity 
referred to in paragraph (a) concerned did so in the course of his 
or her employment and the fees connected with such activity are 
sought to be paid to the employer of that competent engineer, 
that employer, or  

(c) where the competent engineer who performed the activity 
referred to in paragraph (a) concerned did so in the course of his 
or her work as a partner in a partnership and the fees connected 
with such activity are sought to be paid to the partnership, the 
partnership concerned; 

“relevant remedial option”, in relation to a relevant dwelling, means the 
remedial option recommended in the engineer’s report as representing the 
remedial option requiring the minimum feasible remedial works to the dwelling 
for the remediation of the damage to the dwelling arising out of, or in 
connection with, the use of defective concrete blocks in its construction; 

“remedial option” means a remedial option referred to in - 
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(a) Clause 8.2, entitled “Dwellings exhibiting structural wall 
damage from deterioration of blocks made from aggregates 
containing excessive free muscovite mica”, of I.S. 465:2018, in 
respect of dwellings exhibiting damage from deterioration of 
concrete blocks made from aggregates containing excessive free 
muscovite mica, or 

(b) Clause 8.3, entitled “Dwellings exhibiting structural wall 
damage due to pyrite induced expansion in concrete blocks”, of 
I.S. 465:2018, in respect of dwellings exhibiting damage due to 
pyrite induced expansion in concrete blocks; 

“remedial works plan”, in relation to a relevant dwelling, means a plan for the 
design, specification and inspection of the works required to be carried out to 
the dwelling for the purposes of the relevant remedial option, having regard to 
I.S. 465:2018, which is prepared by a competent engineer; 

“scheme participant” has the meaning assigned to it by Regulation 10(1); 
“specify” means specify in guidelines issued under section 5 of the Housing 
(Miscellaneous Provisions) Act 2009 to the relevant local authorities; 

“total amount of grant”, in relation to a relevant dwelling, means the total 
amount payable under these Regulations in respect of that dwelling. 

 

Relevant dwelling 

4. (1) For the purposes of these Regulations, a “relevant dwelling”- 

(a) means a dwelling - 

(i) that is located in the administrative area of a relevant local 
authority, 

(ii) the construction of which was completed prior to the date 
of the coming into operation of these Regulations, 

(iii) that is not owned by a public body, 

(iv) in the construction of which defective concrete blocks 
were used, and 

(v) to which damage arose out of, or in connection with, the 
use of defective concrete blocks in its construction, 

and 

(b) does not include - 

(i) a building or part of a building or outoffice that is not 
attached to a dwelling, 

(ii) a yard, garden or other land appurtenant to a dwelling, or 

(iii) a building, other than a building comprising apartments, 
duplexes or maisonettes (or any combination of such 
dwellings), that provides multi-occupancy accommodation 
under specific conditions, including, but not limited to, a 
nursing home, a boarding school, a hotel or a hostel. 
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(2) In this Regulation, “public body” means - 
(a) a Minister of the Government, 

(b) the Office of the Comptroller and Auditor General, 

(c) a local authority, 

(d) the Health Service Executive, 

(e) a person established- 

(i) by or under any enactment (other than the Companies Act 
2014 or a former enactment relating to companies within 
the meaning of section 5 of that Act), 

(ii) by any scheme administered by the Government, or 

(iii) under the Companies Act 2014 or a former enactment 
relating to companies within the meaning of section 5 of 
that Act, in pursuance of powers conferred by or under 
another enactment, and financed wholly or partly, whether 
directly or indirectly, by means of moneys provided, or 
loans made or guaranteed, by a Minister of the 
Government or by subscription for shares held by or on 
behalf of a Minister of the Government, 

or 

(f) a company (within the meaning of the Companies Act 2014 or a 
former enactment relating to companies within the meaning of 
section 5 of that Act), a majority of the shares in which are held 
by or on behalf of a Minister of the Government. 

 

Relevant owner 

5. (1) For the purposes of these Regulations, a “relevant owner”, in relation 
to a relevant dwelling, means an individual who owns the dwelling, whether 
jointly or not,   where - 

(a) he or she - 

(i) became an owner of the dwelling prior to the date of the 
coming into operation of these Regulations, 

(ii) inherited the dwelling on or after the date of the coming 
into operation of these Regulations, or 

(iii) subject to paragraph (2), purchases the dwelling on or after 
the date of the coming into operation of these Regulations, 

(b) the dwelling is the individual’s principal private residence, and 

(c) the individual intends in good faith to reside in the dwelling as 
his or her principal private residence on completion of the 
qualifying works to the dwelling. 

(2) Where a person purchases a dwelling on or after the date of the coming 
into operation of these Regulations, he or she shall not be a relevant owner for 
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the purposes of these Regulations where he or she knew, or ought to have 
known, that defective concrete blocks were used in the construction of the 
dwelling. 

(3) For the purposes of paragraph (1)(b), a dwelling may be deemed to be 
the individual’s principal private residence where the dwelling was the 
individual’s principal private residence but ceased to be such by virtue of the 
damage to the dwelling arising out of, or in connection with, the use of 
defective concrete blocks in its construction. 

 

Engineer’s report 
6. For the purposes of these Regulations, an “engineer’s report” means - 

(a) a final report prepared in accordance with I.S. 465:2018 by a 
competent engineer in respect of a relevant dwelling, that sets 
out confirmation of the existence of damage to the dwelling 
arising out of, or in connection with, the use of defective 
concrete blocks in the construction of the dwelling, and  

(b) a recommendation by the competent engineer who prepared the 
final report referred to in paragraph (a), the form of which may 
be specified by the Minister, of a relevant remedial option in 
respect of the relevant dwelling that represents the minimum 
feasible remedial works outlined in that final report. 

 

Application of Regulations 

7. These Regulations shall apply only in respect of - 

(a) qualifying works to a relevant dwelling, other than the 
preparation of an engineer’s report or a remedial works plan, 
that have not been commenced prior to confirmation of grant 
approval being issued in respect of the dwelling, 

(b) individuals who have not received a payment under these 
Regulations in respect of another dwelling, and 

(c) dwellings that have not previously received a confirmation of 
grant approval under Regulation 9(7). 

 

Confirmation of eligibility 

8. (1) A relevant owner of a relevant dwelling may apply to a relevant 
local authority for confirmation that he or she is eligible to be considered for 
confirmation of grant approval in respect of the dwelling for the carrying out of 
the qualifying works required for or ancillary to the relevant remedial option 
for the dwelling (in these Regulations referred to as “confirmation of 
eligibility”). 

(2) An application by a relevant owner (in these Regulations referred to as 
the “applicant”) under this Regulation shall be in such form as the Minister 
may specify and shall include the following: 
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(a) an engineer’s report in respect of the relevant dwelling 
concerned; 

(b)  proof, in such form as the Minister may specify, that the 
dwelling concerned is a relevant dwelling; 

(c)  proof, in such form as the Minister may specify, that the 
applicant concerned is a relevant owner of the dwelling 
concerned; 

(d) such information as the relevant local authority may require to 
verify that a tax clearance certificate has been issued to the 
applicant in accordance with section 1095 of the Taxes 
Consolidation Act 1997 and that such tax clearance certificate 
has not been rescinded under subsection (3A) of that section; 

(e) such information as the relevant local authority may require to 
be satisfied that there are no outstanding amounts payable in 
respect of local property tax for the relevant dwelling concerned; 

(f) written consent by the applicant, in such form as the Minister 
may specify, to the inspection of the relevant dwelling for the 
purposes of these Regulations by a suitably qualified person 
authorised in that regard by the relevant local authority, at such 
time or times as the relevant local authority may consider 
necessary; 

(g) where the applicant is a joint owner of the relevant dwelling, 
written consent, in such form as the Minister may specify, by 
each joint owner other than the applicant to the inclusion of the 
relevant dwelling concerned in the scheme for the payment of 
grants under these Regulations and, in particular, to the making 
by the applicant of an application under this Regulation and 
such applications under Regulations 9 and 10 as may be 
applicable in respect of the dwelling concerned; 

(h) a declaration by the applicant, in such form as the Minister may 
specify - 

(i) that no payment otherwise than under these Regulations 
has been made to or for the benefit of the applicant in 
respect of damage to the relevant dwelling arising out of, 
or in connection with, the use of defective concrete blocks 
in its construction, or 

(ii) that such a payment has been made to or for the benefit of 
the applicant in respect of such damage and setting out the 
amount of the payment. 

(3) Without prejudice to Regulation 10(1), an applicant may, when 
applying for confirmation of eligibility, seek payment towards the discharge of 
the fees connected with the provision of the engineer’s report submitted to the 
relevant local authority in accordance with paragraph (2)(a). 
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(4) Where an applicant seeks a payment towards the discharge of the fees 
connected with the provision of the engineer’s report pursuant to paragraph (3), 
he or she shall provide to the relevant local authority concerned - 

(a) an invoice from the competent engineer detailing the fees 
connected with the provision of such report, and 

(b) such information as the relevant local authority may require to 
verify that a tax clearance certificate has been issued to the 
relevant person concerned in accordance with section 1095 of 
the Taxes Consolidation Act 1997 and that such tax clearance 
certificate has not been rescinded under subsection (3A) of that 
section. 

(5) The relevant local authority, in considering an application made under 
this Regulation, may - 

(a) request the applicant to clarify in writing any information 
submitted to it in respect of the application, 

(b) request the applicant to supply further documents or information 
in respect of the application, or 

(c) make such enquiries as it considers necessary for the purpose of 
assessing the application, including causing the relevant 
dwelling concerned to be inspected by a suitably qualified 
person authorised in that regard by the relevant local authority. 

(6) Where an applicant becomes aware of any change in circumstances that 
affects his or her application under this Regulation submitted to the relevant 
local authority, he or she shall, as soon as is reasonably practicable, notify the 
relevant local authority in writing of the change in circumstances. 

(7) In considering an application under this Regulation, the relevant local 
authority shall also take into account - 

(a) additional documents or information obtained by the local 
authority in accordance with paragraph (5), if any, and 

(b) a change of circumstances notified to the local authority in 
accordance with paragraph (6), if any. 

(8) The relevant local authority, having considered an application made 
under this Regulation, may issue a confirmation of eligibility to the applicant in 
respect of the relevant dwelling the subject of the application, where the local 
authority is satisfied that the applicant has complied with the requirements set 
out in paragraph (2) and, in particular that, in respect of the engineer’s report 
submitted in accordance with paragraph (2)(a) - 

(a) the final report therein has been prepared in accordance with I.S. 
465:2018, and 

(b) the relevant remedial option in respect of the relevant dwelling 
contained in the recommendation in the engineer’s report 
represents the minimum feasible remedial works outlined in the 
final report. 
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(9) The relevant local authority, having considered an application made 
under this Regulation, may decide not to issue a confirmation of eligibility to 
an applicant where the local authority is not satisfied of the matters referred to 
in paragraph (8). 

(10) (a) A confirmation of eligibility issued under paragraph (8) shall be 
in writing. 

(b) A decision under paragraph (9) shall be in writing and shall 
include reasons for the decision. 

(11)  Subject to Regulation 10(8), where a relevant local authority issues 
confirmation of eligibility to an applicant in respect of a relevant dwelling and 
the applicant has sought payment pursuant to paragraph (3) towards the 
discharge of the fees connected with the provision of the engineer’s report 
submitted to the relevant local authority in accordance with paragraph (2)(a), 
the relevant local authority may make arrangements for the payment, as soon 
as reasonably practicable after the issuing of the confirmation of eligibility, to 
the applicant towards the discharge of such fees of 90% of the fees connected 
with the provision of the report set out in the invoice submitted to the local 
authority in accordance with paragraph (4)(a), provided that such payment does 
not exceed a maximum of €6,300. 
 

Grant approval 

9. (1) An applicant who has received a confirmation of eligibility in 
respect of a relevant dwelling (in these Regulations referred to as an “eligible 
applicant”) may apply to a relevant local authority for confirmation that he or 
she is eligible to be considered for the payment of a grant in accordance with 
these Regulations in respect of the carrying out of the qualifying works 
required for or ancillary to the relevant remedial option for the dwelling 
concerned and a confirmation of the approved cost of those works (in these 
Regulations referred to as “confirmation of grant approval”). 

(2) An application under this Regulation shall be in such form as the 
Minister may specify and shall include the following: 

(a) the engineer’s report in respect of the relevant dwelling 
submitted to the relevant local authority in accordance with 
Regulation 8(2)(a); 

(b) such information as the relevant local authority may require to 
verify that a tax clearance certificate has been issued to the 
relevant person in relation to provision of the engineer’s report 
referred to in subparagraph (a) in accordance with section 1095 
of the Taxes Consolidation Act 1997 and that such tax clearance 
certificate has not been rescinded under subsection (3A) of that 
section; 

(c) proof, in such form as the Minister may specify, that the 
dwelling concerned is a relevant dwelling; 

(d)  proof, in such form as the Minister may specify, that the 
eligible applicant concerned is a relevant owner; 
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(e) such information as the relevant local authority may require to 
verify that a tax clearance certificate has been issued to the 
eligible applicant in accordance with section 1095 of the Taxes 
Consolidation Act 1997 and that such tax clearance certificate 
has not been rescinded under subsection (3A) of that section; 

(f) a copy of the confirmation of eligibility concerned; 

(g) a remedial works plan relating to the relevant dwelling 
concerned; 

(h) where the competent engineer who prepared the remedial works 
plan is not the competent engineer who provided the engineer’s 
report referred to in subparagraph (a), such information as the 
relevant local authority may require to verify that a tax clearance 
certificate has been issued to the relevant person in relation to 
the remedial works plan in accordance with section 1095 of the 
Taxes Consolidation Act 1997 and that such tax clearance 
certificate has not been rescinded under subsection (3A) of that 
section; 

(i) a programme of works relating to the relevant dwelling 
concerned; 

(j) where a payment has been made to the eligible applicant under 
Regulation 8(11) in respect of the engineer’s report, written 
confirmation, in such form as the Minister may specify, of the 
amount of the payment; 

(k) an itemised statement from a contractor detailing, in respect of 
the elements of the qualifying works detailed in the programme 
of works which it is proposed the contractor will carry out, the 
proposed cost of such works and of his or her role in the 
provision of a certificate of remediation of respect of those 
works; 

(l) an itemised statement from the competent engineer who 
prepared the remedial works plan detailing his or her - 

(i) fees for the preparation of the remedial works plan, 

(ii) proposed fees for professional oversight of the 
implementation of the proposed qualifying works, and 

(iii) proposed fees for his or her role in the provision of a 
certificate of remediation in respect of the proposed 
qualifying works; 

(m) a declaration by the eligible applicant in such form as the 
Minister may specify - 

(i) that no payment otherwise than under these Regulations 
has been made to or for the benefit of the eligible 
applicant in respect of damage to the relevant dwelling 
arising out of or in connection with the use of defective 
concrete blocks in its construction, or 
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(ii) that such a payment has been made to or for the benefit of 
the eligible applicant in respect of such damage and 
setting out the amount of the payment; 

(n) such information as the relevant local authority may require to 
be satisfied that there are no outstanding amounts payable in 
respect of local property tax for the relevant dwelling concerned; 

(o) such information as the relevant local authority may require to 
verify that a tax clearance certificate has been issued to the 
contractor referred to in paragraph (k) in accordance with 
section 1095 of the Taxes Consolidation Act 1997 and that such 
tax clearance certificate has not been rescinded under subsection 
(3A) of that section. 

(3) Where the competent engineer who prepared the remedial works plan 
referred to in paragraph (2)(g) is not the competent engineer who provided the 
engineer’s report referred to in paragraph (2)(a), an application under this 
Regulation shall include a confirmation in writing from the competent engineer 
who prepared the remedial works plan, that, having exercised reasonable skill, 
care and diligence, he or she is satisfied that the relevant remedial option 
recommended in the engineer’s report represents the remedial option requiring 
the minimum feasible remedial works to the dwelling for the remediation of the 
damage to the dwelling arising out of, or in connection with, the use of 
defective concrete blocks in its construction. 

(4) The relevant local authority, in considering an application made under 
this Regulation, may - 

(a) request the eligible applicant to clarify in writing any 
information submitted to it in respect of the application, 

(b) request the eligible applicant to supply further documents or 
information in respect of the application, or 

(c) make such enquiries as it considers necessary for the purpose of 
assessing the application, including causing the relevant 
dwelling concerned to be inspected by a suitably qualified 
person authorised in that regard by the relevant local authority. 

(5) Where an eligible applicant becomes aware of any change in 
circumstances that affects his or her application under this Regulation, he or 
she shall, as soon as is reasonably practicable, notify the relevant local 
authority in writing of the change in circumstances. 

(6) In considering an application under this Regulation, the relevant local 
authority shall also take into account - 

(a) additional documents or information obtained by the local 
authority in accordance with paragraph (4), if any, and 

(b) a change of circumstances notified to the local authority in 
accordance with paragraph (5), if any. 

(7) The relevant local authority, having considered an application made 
under this Regulation, may issue a confirmation of grant approval to the 
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eligible applicant concerned in respect of the relevant dwelling concerned, 
where the local authority is satisfied that - 

(a) the eligible applicant has complied with the requirements set out 
in paragraph (2), and, where applicable paragraph (3), and 

(b) the remedial works plan submitted in accordance with paragraph 
(2)(g) in respect of the relevant dwelling concerned is consistent 
with the relevant remedial option recommended by the 
competent engineer in the  engineer’s report submitted in 
accordance with paragraph 2(a). 

(8) A confirmation of grant approval shall - 

(a) be in writing, 

(b) set out the approved cost in respect of the application concerned, 
and 

(c) where a payment has been made under Regulation 8(11) in 
respect of the engineer’s report and paragraph (9) does not 
apply, set out the amount of the approved cost in respect of 
which the eligible applicant can seek payment under Regulation 
10, being the amount of the approved cost less the amount of the 
fees connected with the provision of the report set out in the 
invoice submitted to the local authority in accordance with 
Regulation 8(4)(a) or €7,000, whichever is the lesser. 

(9) Where the relevant local authority has been notified under paragraph 
(2)(m)(ii), that a payment referred to in that paragraph has been made to the 
eligible applicant, the local authority shall - 

(a) where such payment is less than the amount of the approved cost 
concerned, set out in the confirmation of grant approval, the 
amount of the approved cost in respect of which the eligible 
applicant can seek payment under Regulation 10, being the 
amount of the approved cost less the amount of the payment 
made to or for the benefit of the eligible applicant and, where 
applicable, less the amount of the fees connected with the 
provision of the report set out in the invoice submitted to the 
local authority in accordance with Regulation 8(4)(a) or €7,000, 
whichever is the lesser, and 

(b) where such payment is equal to or greater than the amount of the 
approved cost concerned, notify the eligible applicant that he or 
she may not seek payment for any amount under Regulation 10. 

(10) The relevant local authority may, having considered an application 
made under this Regulation, decide not to issue a confirmation of grant 
approval to the eligible applicant, where the local authority is not satisfied of 
the matters referred to in paragraph (7). 

(11) A decision under paragraph (10) shall be in writing and shall include 
reasons for the decision. 
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Payment of grant 

10. (1) An eligible applicant who has received a confirmation of grant 
approval in respect of a relevant dwelling in accordance with Regulation 9 (in 
these Regulations referred to as a “scheme participant”) may apply to a 
relevant local authority for a payment under these Regulations at any time - 

(a) after the issuing by the local authority under Regulation 9 of the  
confirmation of grant approval in respect of the relevant 
dwelling concerned, and 

(b) not later than 12 months after the date on which certificate of 
remediation in respect of the dwelling is signed. 

(2) Each application by a scheme participant under this Regulation shall be 
in such form as the Minister may specify and shall include the following: 

(a)  proof, in such form as the Minister may specify, that the 
dwelling concerned is a relevant dwelling; 

(b) proof, in such form as the Minister may specify, that the scheme 
participant concerned is a relevant owner; 

(c) such information as the relevant local authority may require to 
verify that a tax clearance certificate has been issued to the 
scheme participant in accordance with section 1095 of the Taxes 
Consolidation Act 1997 and that such tax clearance certificate 
has not been rescinded under subsection (3A) of that section; 

(d) a copy of the confirmation of grant approval concerned; 

(e) a declaration by the scheme participant, in such form as the 
Minister may specify - 

(i) that no payment otherwise than under these Regulations 
has been made to or for the benefit of the scheme 
participant in respect of damage to the relevant dwelling 
arising out of or in connection with the use of defective 
concrete blocks in its construction, or 

(ii) that such a payment has been made to or for the benefit of 
the scheme participant in respect of such damage and 
setting out the amount of the payment; 

(f) in the case of an application for payment of the total amount of 
grant or an application for payment of a final payment - 

(i) the certificate of remediation in respect of the relevant 
dwelling concerned, 

(ii) an invoice or invoices prepared by the contractor, detailing 
in an itemised manner, in respect of the elements of the 
qualifying works detailed in the programme of works 
carried out by the contractor concerned, the cost of each 
such element in respect of which the scheme participant is 
seeking payment, and 

(iii) where the scheme participant is seeking payment in 
respect of the fees concerned: 
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(I) an invoice prepared by the competent engineer who 
provided professional oversight of the qualifying 
works and who signed the certificate of remediation 
detailing in an itemised manner his or her fees for 
such oversight and for his or her role in the 
provision of that certificate; 

(II) an invoice prepared by the competent engineer who 
provided the engineer’s report detailing in an 
itemised manner the fees connected with the 
provision by him or her of such a report; 

(III) an invoice prepared by the competent engineer who 
prepared the remedial works plan detailing in an 
itemised manner his or her fees for the preparation 
by him or her of such a plan; 

(g) in the case of an application other than an application for 
payment of the total amount of grant or an application for 
payment of a final payment - 

(i) where payment is sought for qualifying works other than 
payment for an engineer’s report or a remedial works plan 
only, a written statement from the contractor and the 
competent engineer, by reference to the programme of 
works concerned, that the qualifying works to the relevant 
dwelling concerned for which a payment is being sought 
have been completed to his or her satisfaction and in 
accordance with the remedial works plan concerned, 

(ii) an invoice or invoices prepared by the contractor, detailing 
in an itemised manner, the qualifying works carried out by 
the contractor concerned and the cost of each element of 
such works, if any, in respect of which the scheme 
participant is seeking payment, and 

(iii) where the scheme participant is seeking payment in 
respect of the fees concerned: 

(I) an invoice prepared by the competent engineer who 
provided professional oversight of the qualifying 
works detailing in an itemised manner his or her fees 
for such oversight; 

(II) an invoice prepared by the competent engineer who 
provided the engineer’s report detailing in an 
itemised manner the fees connected with the 
provision by him or her of such a report; 

(III) an invoice prepared by the competent engineer who 
prepared the remedial works plan detailing in an 
itemised manner his or her fees for the preparation 
by him or her of such a plan; 

(h) where a payment has been made to a scheme participant in 
accordance with Regulation 8(11) towards the discharge of the 
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fees of the competent engineer connected with the provision of 
the engineer’s report submitted to the relevant local authority in 
accordance with Regulation 8(2)(a), written confirmation, in 
such form as the Minister may specify, of the amount of the 
payment made; 

(i) where the scheme participant is seeking payment in respect of 
fees connected the provision of an engineer’s report, the 
preparation of a remedial works plan or the provision of the 
certificate of remediation and professional oversight of the 
qualifying works concerned, such information as the relevant 
local authority may require to verify that a tax clearance 
certificate has been issued to the relevant person in accordance 
with section 1095 of the Taxes Consolidation Act 1997, and that 
such tax clearance certificate has not been rescinded under 
subsection (3A) of that section; 

(j) such information as the relevant local authority may require to 
verify that a tax clearance certificate has been issued to each 
contractor in respect of whose costs payment is sought in 
accordance with section 1095 of the Taxes Consolidation Act 
1997 and that such tax clearance certificate has not been 
rescinded under subsection (3A) of that section; 

(k) such information as the relevant local authority may require to 
be satisfied that there are no outstanding amounts payable in 
respect of local property tax for the relevant dwelling concerned. 

(3) The relevant local authority, in considering an application made under 
this Regulation, may - 

(a) request the scheme participant to clarify in writing any 
information submitted to it in respect of the application, 

(b) request the scheme participant to supply further documents or 
information in respect of the application, or 

(c) make such enquiries as it considers necessary for the purpose of 
assessing the application, including causing the relevant 
dwelling concerned to be inspected by a suitably qualified 
person authorised in that regard by the relevant local authority. 

(4) Where a scheme participant becomes aware of any change in 
circumstances that affects his or her application for payment under this 
Regulation submitted to the relevant local authority, he or she shall, as soon as 
is reasonably practicable, notify the relevant local authority in writing of the 
change in circumstances. 

(5) In considering an application under this Regulation, the relevant local 
authority shall also take into account - 

(a) additional documents or information obtained by the local 
authority in accordance with paragraph (3), if any, and 

(b) a change of circumstances notified to the local authority in 
accordance with paragraph (4), if any. 
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(6) Subject to Regulation 14, where a scheme participant makes an 
application for payment under this Regulation, the relevant local authority, 
having considered the application, may issue an approval of the application for 
payment to the scheme participant concerned in respect of the relevant 
dwelling concerned where the local authority is satisfied that - 

(a) the scheme participant has complied with the requirements set 
out in paragraph (2), 

(b) the qualifying works the subject of the application have been 
completed, 

(c) subject to paragraph (d), the payment to be made does not 
exceed 90% of the approved cost concerned or 90% of the actual 
cost of the qualifying works concerned, whichever is the lesser, 
and 

(d) in the case of an application other than an application for 
payment of the total amount or an application for payment of a 
final payment, that- 

(i) the payment to be made does not exceed 75% of the 
approved cost, or 

(ii) where a payment has, or payments have, previously been 
made under these Regulations in respect of the relevant 
dwelling concerned, that the cumulative amount of the 
payment or payments previously made and the payment to 
be made in respect of the instant application, does not 
exceed 75% of the approved cost. 

(7) An approval of an application for payment under this Regulation shall 
be in writing and shall set out the amount approved by the relevant local 
authority concerned as payable to the scheme participant in accordance with 
these Regulations. 

(8) Where a relevant owner makes a declaration to a  relevant local 
authority in accordance with Regulation 8(2)(h), 9(2)(m) or 10(2)(e) that a 
payment otherwise than under these Regulations has been made to or for the 
benefit of the relevant owner concerned in respect of damage to the relevant 
dwelling concerned arising out of or in connection with the use of defective 
concrete blocks in its construction (in this paragraph referred to as a “non-
scheme payment”), no payment shall be made to the relevant owner under 
these Regulations, unless the local authority is satisfied that the cost of the 
qualifying works done for which payment is sought under these Regulations 
exceeds the amount of any such non-scheme payment, and no payment shall be 
made under these Regulations other than in respect of the portion of the 
qualifying works the cost of which exceeds the amount of such non-scheme 
payment. 

(9) Where a relevant local authority issues an approval for an application 
for payment under this Regulation, it shall make arrangements for the payment 
to the scheme participant concerned of the amount specified in that approval as 
soon as reasonably practicable after the issuing of that approval. 
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(10) The relevant local authority may, having considered an application 
made under this Regulation, decide not to approve the application for payment 
under this Regulation where the local authority is not satisfied of the matters 
referred to in paragraph (6). 

(11) A decision under paragraph (10) shall be in writing and shall include 
reasons for the decision. 

 

Refund of compensation 

11. (1) Without prejudice to the generality of Regulations 8(2)(h), 9(2)(m) 
and 10(2)(e), where, in relation to a relevant dwelling in respect of which a 
confirmation of grant approval has been issued under Regulation 9 or in respect 
of which a payment has been made to an individual under these Regulations, a 
payment otherwise than under these Regulations is made to or for the benefit of 
the eligible applicant or individual concerned, as the case may be, in respect of 
damage to the dwelling arising out of or in connection with the use of defective 
concrete blocks in its construction, that eligible applicant or individual, as the 
case may be, shall give notice in writing to the relevant local authority of the 
payment and the amount thereof within 28 days of the making of that payment.  

(2) On receipt of a notice under paragraph (1), where a payment has 
previously been made under these Regulations to the eligible applicant or 
individual concerned, as the case may be, the relevant local authority shall give 
notice in writing to the eligible applicant or individual concerned, as the case 
may be, of the total amount paid under these Regulations to the eligible 
applicant or individual, as the case may be. 

(3) On receipt of the notice under paragraph (2), the eligible applicant or 
individual concerned, as the case may be, shall be immediately liable to pay to 
the relevant local authority the lesser of the following amounts: 

(a) the amount equal to the payment or payments made under these 
Regulations as set out in the notice referred to in paragraph (2), 
or 

(b) the amount equal to the payment referred to in paragraph (1). 

(4) If the eligible applicant or individual concerned, as the case may be, 
does not pay the amount referred to in paragraph (3) within 21 days of receipt 
of the notice referred to in paragraph (2), the relevant local authority is entitled 
to refuse to make any further payment under these Regulations in respect of the 
relevant dwelling concerned. 

(5) Any amount not paid to the relevant local authority under paragraph (3) 
shall be recoverable by the local authority as a simple contract debt in a court 
of competent jurisdiction. 

(6) The relevant local authority, as soon as may be after receiving or 
recovering a payment under this Regulation, shall pay the moneys received or 
recovered to the Minister. 
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Change of applicant 

12. (1) Where an application under Regulation 8, 9 or 10 has been made 
by an individual in respect of a relevant dwelling, a relevant owner of the 
relevant dwelling, other than the relevant owner who made the application, 
may at any time before a decision is made by the relevant local authority in 
relation to the application, notify the relevant local authority that he or she 
wishes to be considered as the applicant, eligible applicant, or scheme 
participant, as the case may be, in respect of the application concerned. 

(2) A notification under paragraph (1) shall be in writing and shall include: 

(a) proof that the individual is a relevant owner of the relevant 
dwelling to which the application concerned relates; 

(b) such information as the relevant local authority may require to 
verify that a tax clearance certificate has been issued to the 
individual in accordance with section 1095 of the Taxes 
Consolidation Act 1997 and that such tax clearance certificate 
has not been rescinded under subsection (3A) of that section; 

(c) written consent by the individual, in such form as the Minister 
may specify, to the inspection of the relevant dwelling for the 
purposes of these Regulations by a suitably qualified person 
authorised in that regard by the relevant local authority, at such 
time or times as the relevant local authority may consider 
necessary; 

(d) where the individual is a joint owner of the relevant dwelling, 
written consent, in such form as the Minister may specify, by 
each joint owner, other than the individual, to the individual 
being considered as the applicant, eligible applicant or scheme 
participant, as the case may be, in respect of the dwelling 
concerned in relation to an application made under Regulation 8, 
9 or 10, as the case may be, and for the purposes of these 
Regulations generally; 

(e) a declaration by the individual - 

(i) that no payment otherwise than under these Regulations 
has been made to or for the benefit of the individual in 
respect of damage to the relevant dwelling arising out of 
or in connection with the use of defective concrete blocks 
in its construction, or 

(ii) that such a payment has been made to or for the benefit of 
the individual in respect of such damage and setting out 
the amount of the payment; 

(f) such information as the relevant local authority may require to 
be satisfied that there are no outstanding amounts payable in 
respect of local property tax for the relevant dwelling concerned. 

(3) Where the relevant local authority is satisfied, in respect of a 
notification under paragraph (1), that the individual concerned has complied 
with the requirements set out in paragraph (2), the local authority may notify 
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the individual concerned in writing that he or she shall thereafter be deemed to 
be the applicant, eligible applicant or scheme participant, as the case may be, 
and, from the date of such notification, the person shall be deemed to be such 
applicant, eligible applicant or scheme participant, as the case may be, for the 
purposes of these Regulations. 

 

Appeals 

13. A relevant local authority shall provide an appeal in respect of a 
decision made by it under - 

(a) Regulation 8(9), 

(b) Regulation 9(10), and 

(c) Regulation 10(10), 

to the applicant, eligible applicant or scheme participant concerned. 

Amount payable under Regulations 

14. (1) Subject to these Regulations, the total amount to be paid by a 
relevant local authority to an individual under these Regulations shall not 
exceed either - 

(a) in relation to qualifying works to the relevant dwelling 
concerned associated with a relevant remedial option set out in 
column (2) of the Schedule opposite a particular reference 
number set out in column (1) thereof, 90% of the maximum 
approved cost set out in column (4) of that Schedule opposite 
that particular reference number, or 

(b) 90% of the total actual cost of the qualifying works carried out 
to the relevant dwelling concerned, 

whichever is the lesser. 

(2) Subject to these Regulations, where a payment is sought under these 
Regulations other than a payment of the total amount of grant, the amount 
payable by a relevant local authority to the individual seeking the payment 
shall not exceed either –  

(a) 90% of the cost that the local authority is satisfied represents the 
reasonable cost of carrying out the qualifying works required for 
the relevant remedial option concerned in respect of which 
payment is sought, or  

(b) 90% of the total actual cost of such works, 

whichever is the lesser. 

(3) Where a payment has been made to an individual under these 
Regulations in respect of fees connected with the provision of an engineer’s 
report in relation to a relevant dwelling, no payment shall be made to any 
person in respect of such fees for another engineer’s report relating to the 
dwelling. 

  



[25]  21 
 

 

SCHEDULE 
 

Reference 
number 

(1) 

Remedial 
option 

(2) 

Remedial option description 
(3) 

Maximum Approved 
Cost 
(4) 

 
1. 
 

Option 1 
Demolish entire dwelling to 
foundation level and rebuild. 

€275,000 

 
2. 
 Option 2 

Demolish and rebuild external 
walls (both outer and inner leafs) 
down to foundation on a phased 
basis and re-render. 

€220,000 

 
3. 

Option 3 

Demolish and rebuild external 
walls (both outer and internal 
leafs) down to top of rising wall 
on a phased basis and re-render. 

€210,000 

 
4. 

Option 4 

Demolish and rebuild external 
walls (outer leaf only) down to 
top of rising wall on a phased 
basis and re-render. 

€75,000 

 
5. Option 5 

Demolish and rebuild outer leaf 
of affected walls only and re-
render. 

€55,000 
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The Minister for Public Expenditure and Reform consents to the making of the 
foregoing Regulations. 

 

 
 
 

 

GIVEN  under the Official Seal of the Minister for Public 
Expenditure and Reform, 
31 January, 2020. 

 
PASCHAL DONOHOE, 

Minister for Public Expenditure and Reform. 
 
 
 
 

 

GIVEN under my Official Seal, 
31 January, 2020. 

 
EOGHAN MURPHY, 

Minister for Housing, Planning And Local Government. 
  



[25]  23 
 

 

 
EXPLANATORY NOTE 

 
(This note is not part of the instrument and does not purport to be a legal 

interpretation). 

 

The purpose for which these Regulations are made is to provide for a scheme 
of financial assistance to owners to carry out the necessary remedial works to 
dwellings that have been damaged due to defective concrete blocks further to 
the application of I.S. 465: 2018. 
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Submission to the Working Group on the Defective Blocks Grant Scheme 

Introduction  

Engineers Ireland welcomes the establishment of the Working Group on Defective Blocks  

Grant Scheme.  This document provides a summary of issues identified during the first year 

of the Defective Concrete Block Grant Scheme experienced by Chartered Engineers  who are 

members of the I.S. 465 Concrete Blocks and Mica  Register of Engineers, (registrants), 

considered competent to assess houses damaged by defective blocks containing certain 

deleterious materials.  

This submission relates to the provision of services, by the registrants, associated with the 

assessment of dwellings affected by defective concrete blocks in accordance with I.S. 

465:2018+A1:2020 “Assessment, testing and categorisation of damaged buildings 

incorporating concrete blocks containing certain deleterious materials” for the purposes of 

supporting applications to the scheme. 

Registrants from the I.S. 465 Concrete Blocks and Mica Register (maintained by Engineers 

Ireland) are facing increasing challenges in assessing properties and preparing reports in 

support of clients’ applications to the scheme.  This submission sets out the key issues which 

have been experienced by registrants.  The experiences detailed in this document have 

resulted in several registrants calling  into question the viability of continuing to provide this 

service.  This is obviously a major concern for Engineers Ireland and the registrants.   

This document has been compiled following three online meetings, hosted by Engineers 

Ireland, during July, August, and September of this year.  It is also based on online surveys of 

registrants in December 2020 and August 2012  to provide feedback on topics to 

stakeholders.   

(Click here to return to Ref 4 in main report document)

(Click here to return to Appendix Contents)
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The meetings were organised at the request of some of the registrants to provide a forum 

to facilitate a discussion on views and experiences, in a collective way, of Engineers 

experiences and observations in the provision of services associated with assessing, 

reporting, and supporting homeowner applications for the Defective Block Grant Scheme.   

 

Though not represented at the meetings of the Defective Blocks Grant Scheme Working 

Group Engineers Ireland does welcome and acknowledge the opportunity to participate in 

the online discussions at the latter stages of the process with  a sub-group of the Working 

Group comprising mostly  of homeowners during the second half of August. It is hoped the 

issues outlined therein, in conjunction with this document will get due consideration and 

action in the deliberations of the Working Group.     

 

The registrant provides a pivotal and key role in the scheme processes and a fundamental 

party between their client, the homeowner, and the Administrators of the scheme.  The 

registrant is the homeowner’s representative and being at the forefront of the matter, they 

have first-hand knowledge of the issues, and have a good understanding of the key 

difficulties affecting their clients. 

 

This submission provides high-level observations during the first year of the scheme by our 

members, registrants on the I.S. 465 register established in 2020.  This includes: 

• The Role of the Engineer on the I.S. 465 Register 

• Concerns regarding second remediation 

• Issues for further consideration 

• Discussion on the operational impact of several possible approaches 

The views expressed by registrants in this document are intended to guide improvements in  

I.S. 465 and the operation  of the ‘Defective Concrete Blocks Grant Scheme’ for the benefit 

of all stakeholders. 
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The engineers on the I.S. 465 register have extensive experience working as Chartered 

Engineers, and since the establishment of the I.S. 465 Register have surveyed more than 

1,600 homes in Donegal and Mayo. 

 

About Engineers Ireland   

With over 25,000 members from every discipline of engineering, Engineers Ireland is the  

voice of the engineering profession in Ireland.  Engineers Ireland was established in 1835  

making us one of the oldest and largest professional bodies in the country.  Members come  

from every discipline of engineering and range from engineering students to Fellows of the  

profession.  Engineers Ireland is the registered Competent Authority in Ireland for the  

engineering profession under EU Directive 2005/36 and is a founding member of the  

International Engineering Alliance, an organisation committed to the adoption of global  

standards in engineering education and competence.  Engineers Ireland also accredits  

engineering programmes at third level in fourteen Institutes of Technology and seven  

Universities.   

   

Engineers Ireland awards the professional title Chartered Engineer (CEng MIEI) in line with  

the Institution of Civil Engineers of Ireland (Charter Amendment) Act 1969.  Chartered  

Engineers have been assessed by their peers as professionals in their field in delivering the  

highest standards of quality, expertise, and innovation to serve the needs of society while  

ensuring public health and safety.  They adhere to the Engineers Ireland Code of Ethics in all  

areas of their engineering practice.  

 

Chartered Engineers are committed to solving problems by designing and implementing 

solutions to address the needs of customers and society in general.  As required by the Code  

of Ethics of Engineers Ireland Chartered Engineers “shall at all times be conscious of the 

effects of their work on the health and safety of individuals and on the welfare of society”.   

 

The registered professional title is recognised internationally and under Irish Law.  According 

to the Building Control (Amendment) Regulations (SI 9 of 2014 & Code of Practice), 

Chartered Engineers are one of the three professions which may act as Assigned Certifiers.   
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Engineers Ireland has also established and maintains registers of suitable qualified persons 

in specialist areas including:  

• IS 398 Pyrite Assessment and Remediation  

• Historical Landfill Waste Disposal Sites (EPA, 2007).  

• I.S. 465 Mica and Pyrite  

 Our members contribute to the development of national standards and policies with   

consultative groups across industry.  Recent submissions include:  

• Draft Code of Practice for Fire Safety assessment of premises and buildings  

• Submission to Joint Oireachtas Committee on Professional Indemnity Insurance 

• Submission on Climate Action Plan Review 2021. 

A list of Engineers Ireland’s submissions to key stakeholders is available here:  

https://www.engineersireland.ie/Professionals/News-Insights/Campaigns-and 

policies/Submissions  

For many years Engineers Ireland has proactively sought greater protection for the public   

through the regulation of engineering activities, in particular where there is risk associated 

with the delivery of engineering services.  There is the potential threat to public safety, 

health, and welfare if engineering projects are not implemented by appropriately qualified 

and competent practitioners.  Risks to consumers of engineering services relate mainly to  

financial, safety, health and welfare issues associated with engaging inadequately or  

inappropriately qualified persons to undertake engineering works.  The consequences of  

misjudgement can be costly in either financial or human terms.  Aside from immediate  

health and safety implications of engaging poor engineering services, there can be  

enormous financial costs to the individual with the delivery of poor engineering  

services.    
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The Role of the Engineer on I.S. 465 Register 

The I.S. 465 standard (Section 1) 

a) Establishes a protocol for assessing and determining whether a building has been 

damaged by concrete blocks containing excessive amounts of certain deleterious 

materials (aggregate containing free or unbound muscovite mica or potentially 

deleterious quantities of pyrite). 

b) Describes the methods for establishing the extent of the problem and categorise 

dwellings. 

c) Describes the scope of any testing required and the evaluation of the findings; and 

d) Provides the Chartered Engineer with guidance on the selection of the appropriate 

remedial works to be undertaken. 

The role of the registrant, an engineer on the I.S. 465 register, as set out is purely to 

prescribe/oversee testing and provide guidance on appropriate remedial works. By virtue of 

being on the I.S. 465 register a registrant is not acting as an Assigned Certifier or in any 

other statutory role.  In practice, it is reported that the role of registrants extends beyond 

purely engineering-related related work.  

 

In late 2018 Engineers Ireland was requested by the Department of Housing, Local 

Government & Heritage (DHLGH) to provide a training programme with the outcome of 

establishing and maintaining a Register of Engineers considered competent to assess 

buildings damaged due to precast concrete blocks containing certain deleterious materials 

in accordance with the Standard and hold professional indemnity insurance.  

 

This register lists Chartered Engineers who have the necessary direct professional 

experience, competency, and specialist training in accordance with the requirements set out 

in the Standard.  There are currently in or around 30 Engineers on the register – this number 

has reduced from 38 since the inception of the register.  
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Concerns Relating to Second Remediation  

The primary issue with the current scheme is the liability risks associated with providing this 

service as defined in I.S. 465 to homeowners.  Specifically, the risks are inherent with 

reference to options of remediation other than Option 1 Demolish & Rebuild, i.e., Options 2, 

3, 4 & 5 (or a combination thereof) where blockwork is being retained (reference the 

standard and scheme administrative guidelines).  

 

This is exacerbated by the fact that laboratory reports indicate that a further deleterious 

material, namely pyrrhotite, has been determined to be present in concrete blocks in 

Donegal, the significance of which is unknown.  

 

Engineers are being asked to make recommendations on remedial works whereby the 

mechanism for degradation of concrete blocks requires further research.  Furthermore, the 

scheme emphasises the engineer should make a recommended remedial option that 

demonstrates the “minimum feasible option” forcing a remedial option that would include 

retention of blockwork where the technical evidence doesn’t support that option.  Long 

term structural performance of the retained blockwork is uncertain and requires further 

research.  This leaves potential future liability risks for the registrant which is exacerbated 

by the fact the scheme is limited to one applicant, one home, one grant.  

 

Homeowners understandably want certainty in the recommended remedial option.  

However, in these cases, given that the mechanism for concrete block degradation is not 

fully understood and with wording in the standard including caveats, uncertainty has 

become commonplace among homeowners.  

 

A survey of registrants in December 2020 indicated that Option 1 (demolish to foundation 

level and rebuild) was recommended in 68% of cases in a sample size of 210.  In August 

2021 this figure was 62% from a sample of approximately 1,600 dwellings.  Options 2 and 4  

or a combination thereof are the next most frequent recommendations.  Registrants are 

reporting a trend towards increasing recommendations for Option 1 due to the absence of  
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any substantiating evidence/research to mitigate risk or support a decision to opt for other 

remedial options. 

 

The overwhelming sentiment regarding the scheme is the lack of certainty concerning 

partial remediation and the liability for any second and subsequent investigation and 

remediation works.  It is therefore no surprise that recommending Options 2-5 creates 

considerable unease with registrants.  Registrants feel exposed when after an initial 

remediation, the potential for further damage may occur.  Registrants are being asked to 

recommend remedial works based on currently available information which lacks evidence 

on the long term structural performance of retained blockwork containing deleterious 

material including free muscovite mica or pyrrhotite.  There is a concerning lack of urgency 

from any Government body as regards a co-ordinated approach to research into the subject 

– a subject which has been calling out for such research for at least 6-7 years. Further 

research was recommended in the report of the Expert Panel on Concrete Blocks in 2017. 

 

Engineers strongly value their professional indemnity insurance which is essential to them 

conducting their practice and without which engineers cannot work.  There is a perception 

that the current structure of the scheme could give rise to claims arising  on an engineer’s 

professional indemnity insurance arising from a second  remediation.  The footnotes to I.S. 

465 Table 6 refer to the uncertainty of any remediation option other than Option 1 and 

Option 2 and contains a reference to  ‘limited test data’. 

 

 “The efficacy and longevity of remedial works options other than 

Option1 and Option 2 of Table D.1 are as yet uncertain.  Based on 

limited test data available to date, concrete blocks containing free 

muscovite mica will not deteriorate if they are kept dry in freezing 

conditions or are protected from freezing when wet. 

Any sign off in respect of such remedial works shall acknowledge the 

risk inherent in retaining blockwork which could be susceptible to 

degradation if exposed to freeze thaw conditions” 
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Excerpt: I.S. 465 Table 6 – emphasis added 

 

“Any sign off in respect of such remedial works shall acknowledge the 

risk inherent in retaining blockwork which could be susceptible to 

degradation if exposed to freeze thaw action” 

 

Though the risk is acknowledged, the ownership of the risk remains unclear.  It may 

be the registrant and their professional indemnity insurance that will be the first 

area of contact in the event of a second occurrence.  In practice the only way to 

achieve certainty is to recommend Option1.  I.S.:465 states –“Compliance with this 

Irish Standard does not of itself confer immunity from legal obligations”.  This would 

infer that there is no ‘protection’ for the registrant by following the protocols of the 

I.S. 465 rigorously.  

 

The unintended consequence of not addressing the issue of remaining deleterious 

material is to increase the overall cost of the ‘Defective Concrete Blocks Grant 

Scheme’ as recommendations for Option 1 will predominate.  This may be an 

important consideration if the scheme is widened to other geographic locations. 

Engineers Ireland provides suggestions on several adaptations to the scheme and the 

likely operational impacts to assist the Working Group with their analysis. 
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The Role of Pyrrhotite 

The presence of pyrrhotite is proving significant and registrants are requesting 

additional expert opinions and research from geologists concerning the mechanism 

of reaction and deterioration.   It is noted that a GSI Targeted research project – 

‘Pyrite/mica in construction materials’ was commissioned in April 2021.  This is an 

18-month project and results may not be available until late 2022 at the earliest. 

 

It is the opinion of the registrants that much more focused and coordinated detailed 

research and extending to pyrrhotite, must be undertaken to allow confidence in  

proposed remedial works.1 To expedite this Engineers Ireland suggests the 

Registrants, Geologists & Laboratory Practitioners who have already undertaken 

analysis and findings on behalf of their clients should be commissioned to complete 

this research.  This will be the most efficient way of progressing this issue given the 

extensive analysis undertaken to date by these individuals.  Of note is that the 

Department has paid for 90% of the costs of this analysis already through the grant 

aid scheme.  Without expert advice in this area, the ability of engineers to accurately 

identify causation and the mechanism of deterioration will be compromised, 

negatively impacting  remediation of dwellings in all but Option 1 remediations. 

Without this robust information from the research, some of the existing remediation 

work may be in vain for the remaining Options 2-5.  The correct course of remedials 

cannot be accurately prescribed if the causal mineral/s and the exact mode of 

degradation is not yet certain. 

 

In addition to the presence of pyrrhotite, the range and diversity of comments from 

registrants indicates that in the absence of underpinning research a pause in survey 

activity to allow time to reflect on the experience of field-based observations may be 

required.  Some registrants observed low compressive strength on many inner leaf  

 
 

1 The incidence of pyrrhotite and crumbling of foundations in northeast USA (Connecticut) has been 
documented and researched.  The outcomes of research in the  USA occurrence of pyrrhotite may be of use to 
inform the Irish context.  https://www.gao.gov/assets/gao-20-649.pdf  

https://www.gao.gov/assets/gao-20-649.pdf
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walls which is not caused by freeze-thaw action.  This could also mean that blocks 

are inherently weak. 

 

Similarly, it was pointed out that  I.S. 465 suggests that;  

‘Ongoing maintenance and monitoring of the dwelling’s structural 

condition would be required if Option3, Option 4 or Option 5 are 

implemented to assess if/when further structural action should be 

taken.’ 

The standard does not provide guidance on the nature of the ongoing monitoring 

regime, the party that bears the cost of ongoing monitoring and who is responsible  

for any subsequent remediation.  Nor does it mention Option 2, which also leaves 

deleterious material within the structure. 

  

Engineers Ireland requests that this guidance is provided as a matter of urgency so 

that registrants may continue to address homeowners’ concerns efficiently and 

comprehensively. 
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Further Items for consideration by the I.S. 465 Standard Group as part of this Engineers 

Ireland Submission 

 

1. Under I.S. 465 and S.I. No. 25/2020 (‘Dwellings Damaged by the Use of Defective 

Concrete Blocks in Construction (Remediation) (Financial Assistance) Regulations 

2020’), applicability is restricted to specific geographic areas (‘dwellings located in 

the administrative area of a relevant local authority’, Co. Donegal and Co. Mayo). 

However, I.S. 465 registered engineers have identified damage similar to that set out 

in I.S. 465 and S.I. No. 25/2020 but in different geographic areas, particularly 

counties Clare, Limerick, and Tipperary. This suggests that the issue is not contained 

solely within counties Donegal and Mayo and may have a larger impact in other 

areas of the country.  

Engineers Ireland requests the extension of the application of the redress scheme to 

cover dwellings similarly affected in other counties so that those homeowners are 

not disadvantaged by the existing geographic restrictions.  This may require 

amendments to I.S. 465 and SI 25 of 2020. 

 

2. I.S. 465 registered engineers have surveyed many houses with serious cracking 

symptomatic of deleterious material in the concrete blocks that have had insulation 

installed in the cavity since the freezing conditions of 2010.  Some registrants have 

observed that there is potential for the insulation to trap moisture, preventing the 

cavity from drying and thereby accelerating deterioration.  There are concerns that 

the deployment of certain materials and processes in the retrofitting of dwellings 

may be causing unforeseen problems which may necessitate future remediation.  

There is a real danger that the retrofit pumping of wall cavities with insulation could 

have an unintended consequence of exacerbating the cracking of walls with blocks 

containing deleterious material.  

Engineers Ireland requests technical guidance on processes and materials suitable to 

retrofitting in these circumstances. 
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3. Registrants are experiencing increasing delays in obtaining test results from laboratories due 

to the volume of cases and required analysis.  Whereas in the past results were available in 

three weeks, over time this has extended to over three months.  Engineers Ireland requests 

a review of the test requirements.  

 

4. Registrants are overwhelmed with the volume of work required under the existing 

scheme.  The entire remediation work/project management is Engineer-led which 

substantially increases the workload on the cohort of registrants and will inevitably 

lead to delays.  In similar projects other Practitioners (e.g., Architects) can fulfil 

design oversight roles where Option 1 demolition and rebuild applies. 

Architects are considered competent persons to provide oversight for new builds on 

the Building Control (Amendment) Regulations but this the scheme is required to be 

Chartered Engineer led whereby for Options 1 remediations it is the registrants view 

that Architects are competent to provide this function.     

Engineers Ireland requests that further consideration is given to professionals who 

could fulfil oversight roles and in doing so support the registrants in managing this 

quantum of work. 

 

5. Some of the reports submitted by homeowners require further clarifications 

following queries from the local authority. In some cases  this is causing significant 

delays and has resulted in non-recoverable costs for the engineers involved.  One 

registrant has repeatedly sought, but not received, clarification that employees of 

the county council reviewing the engineers’ reports have received training on the 

Defective Blocks Scheme and undertaken training on I.S.465.  

Engineers Ireland recommends that local authority personnel reviewing applications 

are Chartered Engineers who have completed the I.S. 465 training. 

 

6. To optimise the review process going forward, Engineers Ireland recommends 

consideration of a centralised application section administered by Central  
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7. Government rather than separate Local Authorities.  The occurrence of process delay 

will increase should further counties be included in the redress scheme.  A 

centralised approach would mitigate inconsistencies in the assessment of 

applications and the processing section would include qualified engineers trained 

under I.S. 465 to meet the competency requirements.  

Similarly, a centralised Appeals Section would address appeals in a consistent 

manner.  

 

8. Engineers Ireland recommends that  regular workshops are held between Local 

Authority staff and assessing Engineers to discuss any issues arising which will 

mitigate requirements for further information requests with the goal of streamlining 

the application and assessment process.   

 

9. There are reports that laboratory report results are being rejected based on 

photographs of properties, apparently without inspection of the property by a local 

authority representative.  Engineers Ireland requests a review of local authority 

practices in reviewing applications from homeowners to ensure that they are in 

keeping with the principles of the scheme. 

 
10. The completion of stages of the ‘Defective Concrete Blocks Grant Scheme’ are in 

practice not clean-cut, and considerable post survey administration  work can be 

generated for the registrant. 

 

11. The payment of contractors for remediation work using staged payments(stages 2 

and 3)  may need clarification particularly regarding payments to contractors.  There 

is concern regarding retention of 25% by the Local Authority.  This may only serve to 

inflate the cost as contractors may reflect this in their tender response and the 

perceived risk of any payment uncertainty may significantly increase tender prices. 
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Conclusion 

The above submission provides a summary of the key experiences of registrants operating 

the ‘Defective Concrete Blocks Grant Scheme’ during the last year.  Many of the registrants’ 

observations to date may require further investigation and registrants can assist in this 

work.  If required,  Engineers Ireland can facilitate meetings with registrants to expand on 

any of the topics.   

 

 Engineers Ireland recommends that a review of the operation of the scheme and the 

content of the I.S. 465 standard be undertaken to benefit from the most recent field-based 

experience.   The registrants have suggested several improvements for the operation of the 

Defective Concrete Block Scheme and an analysis of the possible technical and operational 

impacts.  This analysis is provided in the annex to this submission. 

 

Engineers Ireland supports the need for a register of competent persons to support the 

scheme.  In its current form, however, there is a high likelihood that individual professionals 

will discontinue any further involvement with the Scheme.  Several registrants have already 

indicated their intention to withdraw from the scheme.  In reality, on the ground, the 

Scheme has already stalled due to uncertainty, and it will draw to a halt very soon if the 

registrants’ concerns are not addressed.   

 

 

Damien Owens 

Registrar 

21 September 2021 
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Annex 1:  Operational Analysis of Potential Changes to the Defective Concrete Block Scheme. 

 Description of Change                  Potential  Operational and Technical Implications 

1 Retain existing scheme (No change) 

 
• Many, if not all Chartered Engineers on the Engineers Ireland panel 

may conclude that it is not feasible to continue to provide services in 
the current scenario. Note there is a significant reduction already 
and it is Engineers Ireland reading of the situation amongst current 
Registrant’s is that this is likely to continue. The current situation is 
seen as a “high risk” service.  

• Even where Engineers are willing to provide the service the cost and 
availability of PI insurance may become prohibitive. 

• Homeowners will continue to be uncomfortable with options other 
than complete demolition increasing pressure on Engineers and 
Local Authorities, and greatly increasing the cost to the Grant 
Scheme. 

• Homeowner issues with sale of properties, insurance etc would 
continue. 

• Ultimately if there are few, or no private sector engineers to provide 
the necessary services the continued operation of the Grant Scheme 
in its current form may become impossible. 

2 Demolish all properties affected due to the ongoing 

uncertainty. 

Considering the uncertainty around the long-term impacts of 
these deleterious materials as outlined above, and the need for 
further research and guidance in assessing affected properties, 
Engineers may take the view that they are unable to 
recommend any other Option than full demolition in these 
cases.   

• This may not be accepted as a rationale for Option 1 remedial 
schemes by the Local Authorities, leading to an ongoing series of 
further information requests or refusal of Stage 1 applications. 

            If this was accepted as rationale for Option 1 then: 
• Certainty and confidence of homeowners in the remedial solutions 

would be achieved in all cases. 
• Homeowner ability to sell, mortgage and insure remediated 

properties – in tandem with a programme of education and 
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awareness in the financial services industry. 
• Huge increase in potential cost to the State of remediation of 

affected properties. 
• Logistical issues in the affected counties in relation to industry 

capacity, temporary accommodation etc. 
 

3 Defer remediation of properties which do not otherwise meet 

technical justification for Option 1. 

In this scenario, the decision could be taken, either by individual 
engineer, by Registrant engineers collectively, or by the State in 
administering the grant scheme that there is insufficient 
information currently available to make sound robust 
recommendations without undue levels of potential liability, on 
properties which do not clearly have technical justification for 
demolition. 

• Negative reaction from affected homeowners to being required to 
continue living in damaged and deteriorating properties. 

• Homeowner issues with sale of properties, insurance etc would 
continue. 

• Further delays in remediation properties which will continue to 
deteriorate would be likely to increase the final cost of the scheme. 

• Issues with homeowners seeking to submit Option 1 applications 
regardless of technical justification would persist, or potentially 
increase, placing further pressure on assessing Chartered Engineers 
and on Local Authorities. 

• Positives would be, in the event of homeowner cooperation based 
on the Engineer collaboration, would give further time to evaluate 
the property over a defined period to determine how the building is 
performing. In the event there is no evidence of further internal 
deterioration could potentially give the Engineer and homeowner 
reassurance on the overall performance of the building and 
therefore lead to some comfort in adapting a remediated option 
lesser than option 1. Alternatively, should the internal fabric of the 
build deteriorate it may substantiate an application for an Option 1.  

• This approach has the potential to avoid applications for remedial 
Option 1 where the technical justification doesn’t support this and 
therefore will reduce stress points for the homeowner, Engineer and 
Administrators with further consequential reduction in the 
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processing of applications.   
• Note: this approach would include actions by the homeowner to 

mitigate the damage as specified by the Engineer.  
4 Defer remediation of properties which do not otherwise meet 

technical justification for Option 1 & allocation of an Interim 

State Bond. 

In this scenario, the decision could be taken, either by individual 
Engineer, by Registrant Engineers collectively, or by the State in 
administering the grant scheme that there is insufficient 
information currently available to make sound robust 
recommendations without undue levels of potential liability, on 
properties which do not clearly have technical justification for 
demolition.  
 
In this scenario the Stage 1 application would be completed and 
approved Stage 1 eligibility by the scheme administrators based 
on an option other than Option 1. The State would allocate a 
bond amount to cover future remediation costs should they 
occur. This sum would apply to the building rather than the 
applicant.    

              The possible outcomes of this are: 
• Negative reaction from affected homeowners to being required to 

continue living in damaged and deteriorating properties. 
• Homeowner issues with sale of properties, insurance etc would 

continue. 
• Further delays in remediation properties which will continue to 

deteriorate would be likely to increase the final cost of the scheme. 
• Would allow the engineer and homeowner further time to assess 

how the building is performing over time with potential reduction in 
Option 1 applications being made and/or approved.   

• The homeowner maybe in a position to sell the house if the bond 
applies to the building rather than the applicant.  

• Note: an alternative approach to this would be the scheme provides 
funding for replacement of the outer leaf only and an allowance is 
made for fees for the Engineer to undertake a BCA at an agreed 
period as part of the monitoring process.  A bond would then cover 
future further works should they be deemed necessary by the 
Engineer.  

 

5 Provision of some form of State or Insurance Backed 

Guarantee for remediated properties. 

In this scenario, pending further research and certainty 
regarding the technical issues outlined above, the State could 
directly, or through an underwritten insurance fund, provide a 
Structural Warranty for remediated properties.   

• Increased confidence among homeowners to accept technical 
recommendations other than Option 1. 

• Improved homeowner ability to sell, mortgage and insure 
remediated properties – in tandem with a programme of education 
and awareness in the financial services industry. 

• Reduced liability for Engineers in relation to cases where due 
diligence and robust assessment has underpinned a 
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recommendation (inadequate or negligent assessment or services 
would obviously not be covered). 

• There may be a need for the State or Insurer to provide a technical 
resource or oversight to ensure recommended remedial schemes 
were suitable before warranty could be extended. 

• Reduction in homeowner preference or pressure for Option 1 
remedial schemes where not necessary from a technical perspective 
could dramatically reduce the ultimate cost to the Grant Scheme as 
well as reducing cost to affected homeowners. 

6 Provide an alternative approach to assessment of properties. 

If it is no longer feasible for private sector Engineers to provide 
services for assessment of affected properties, in may be 
necessary to revert to a centralised or state provided service 
model if the provision of a Grant Scheme is to be possible.  This 
could be provided either by Engineers employed directly by the 
Department or Local Authorities, or by the State retaining the 
services of competent private sector engineers on the basis that 
indemnity was extended to retained service providers.   

• It would remain possible to provide and administer a Grant Scheme. 
• Homeowner issues with sale of properties, insurance etc would 

continue. 
• Availability of Engineer resources either directly employed or on a 

consultancy basis are unknown. 
• Homeowner confidence in service providers employed or provided 

by the State may be very low.  Therefore, acceptance of 
recommendations other than Option 1 is likely to continue to be low, 
or potentially even lower than currently, due to mistrust of the 
Engineering service provider. 

• May therefore be very unpopular with homeowners  

 

 

-end- 
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Preface 

 
 
This publication contains program, abstracts and presentations given at the Workshop “Impact of 

sulphide minerals (pyrrhotite) in concrete aggregate on concrete behaviour”. The workshop took place 
in Oslo on November 15th and 16th, with 32 participants from academia, industry and infrastructure 
owners in Norway, Sweden, Finland, Canada, Switzerland and United Kingdom.  

The workshop was sponsored by the Norwegian Public Roads Administration, HeidelbergCement 
Northern Europe and the Norwegian Concrete Association, and was organized by Bård Pedersen 
(Norwegian Public Roads Administration) and Børge Johannes Wigum (HeidelbergCement Northern 
Europe). 

 
Background and motivation for the workshop 
It has been known since the mid 1950-ties that sulphide bearing aggregates may cause deterioration of 
concrete structures. A number of damage cases from several countries have been reported, stating that 
pyrrhotite is the mineral responsible for most of the damages. At present, there are many questions 
related to quantification of pyrrhotite, assessment of the potential deleterious effect of different forms 
of pyrrhotite, mitigating effects of SCMs etc. that needs to be addressed.  

In Norway, pyrrhotite has recently become a hot topic. One obvious reason for this is the Follo Line 
Project, a major railway project where local tunnelling mass was supposed to be used as aggregate for 
production of concrete tunnelling elements. Due to indications of pyrrhotite in 60 % of the samples in 
combination with relatively high contents of sulphur, it was decided to stop the use of local tunnelling 
mass for concrete aggregate and to use other commercially available aggregates. 

The Norwegian Concrete Association has a series of guidelines for concrete; of these is Publication no. 
18 “Aggregates for concrete”. During the ongoing revision of this publication, it has become clear that 
there are two major durability issues related to concrete aggregates. One is Alkali Silica Reactions (ASR), 
which is a topic with well-established knowledge after 30 year of research in Norway. The other topic is 
sulphide-bearing aggregates, where there is an obvious lack of knowledge. The revision committee, 
chaired by Bård Pedersen, therefore took an initiative to collect available information from the research 
community, and to initiate national research on this topic. This workshop is considered a very important 
step in this process. The goals of this workshop were to: 

 
• Collect information from Norway and the international research community  
• Establish collaboration with international partners 
• Activate national partners for a future research project 

 
 

 
Organisation Committee: 
 
Bård Pedersen          Børge Johannes Wigum 

baard.pedersen@vegvesen.no                                                           BorgeJohannes.Wigum@heidelbergcement.com  

The Norwegian Public Roads Administration (NPRA)     HeidelbergCement Northern Europe 

 
 

mailto:baard.pedersen@vegvesen.no
mailto:BorgeJohannes.Wigum@heidelbergcement.com
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Essence of presentations, discussion – uncertainties & possibilities  

The path forward 

 
 
The presentations were divided into sessions related to the; Status in the Scandinavian Countries, along 
with presentations related to; Mechanics of Deterioration & Cases. Eventually the presentations were 
summarised and the topic and potential path forward were discussed.   

 
As introduced by Bård Pedersen, and presented further by Silje Gystad Ytterdal, the topic related to 
sulphide minerals in concrete aggregates and the potentially deleterious effect was actualised in 
Norway in connection to the railway-tunnel-project at the Follo line, near Oslo. However, no cases of 
deterioration of concrete due to this type of aggregates have ever been observed in Norway, even 
though both Marit Haugen and Viggo Jensen, from SINTEF and NBTL respectively, provided results 
showing that several commercial quarries in Norway, producing crushed rock aggregates, are exhibiting 
results above the critical limits of sulphur, where it is indications of pyrrhotite. It was discussed that one 
reason for not observing any deleterious damage so far in Norway could be the fact that up to now 
mainly natural sand and gravel have been used as concrete aggregates, and consequently sulphide 
minerals have already been oxidised. With an increased use of freshly crushed concrete aggregates, 
both as coarse aggregates and as manufactured sand, the situation could be different. It is not known if 
the sand- or the stone-aggregate size fraction will be the most damaging component. 

Cases from Sweden, presented by Magnus Döse, and cases from Finland, presented by Hannu Pyy, 
exhibited only minor damages in concrete structures, mainly in cases as pop-outs, staining, or other 
more esthetical effects.  

Josée Duchesne presented an overview of the deterioration mechanisms, and the very severe cases of 
deterioration both in Canada and in the US. Amazingly, the damage expansion creates very wide cracks 
only after a relatively short time of construction, i.e. 3-5 years. Even though this damage occurred in 
concrete with high w/c-ratio, and hence low strength, subsequent laboratory experiments have showed 
that the deleterious reaction happens in a similar degree also for concrete types with a much lower w/c-
ratio. During discussions, it was explained that during ongoing court-cases in Canada, it has been 
juridical decided that the critical lover limit of sulphur should be 0.23% when there are indication of 
pyrrhotite in the concrete aggregate. 

Per Hagelia went through the historical challenges in Norway when the alum-shale caused damage in 
Norwegian concrete, and the establishment of the Alum-shale Committee. He also mentioned examples 
from Norway with relatively severe acid rock drainage from deposits of sulphate-bearing rocks. Terje 
Bjerkgård presented the formation and conditions for occurrence of sulphides in bedrock in Norway, 
and the many various types of sulphides.  

From Switzerland, Andreas Leemann presented a case where simultaneous iron sulphide oxidation and 
alkali silica reactions (ASR) had occurred in a Swiss dam. Even though the ASR was considered as the 
main deleterious mechanisms, it was evident that iron sulphide oxidation was leading to crack formation 
in the concrete. In another case in Switzerland, the Gottard Basetunnel, Roland Weiss presented how 
to deal with the sudden occurrence of aggregates that are not in accordance with the specification. In 
this case, they were dealing with alkali silica reactive aggregates. 
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Ian Sims and Philip Santo presented the very severe cases of the so-called; “Mundic”-problem in 
concrete in domestic houses in South-West England, and how the problem directly affected the 
economy of families when the banks stopped lending for the houses due to the damaged and cracked 
concrete. However, it was shown how it was possible to manage the problem by developing a pragmatic 
scheme, based on practical concrete petrography, which now has been in place for more than 20 years. 
See report: www.rics.org/globalassets/rics-website/media/upholding-professional-standards/sector-
standards/building-surveying/the-mundic-problem-3rd-edition-rics.pdf 

Benoit Fournier presented the development of accelerated test methods in Canada, along with the 
content of a new Canadian R&D project. It was initially emphasised that there are still lots of issues 
unresolved, and hence, there is a huge need for further research. However, research efforts from 2010 
– 2014 provided a protocol looking into the total sulphur measurement, oxygen consumption evaluation 
and an accelerated mortar bar test.  A new R&D project (2018 – 2022) will focus on the acceptance 
limits, test development, preventive measurements, development of technical capacity, and eventually 
implementation into the standards. 

Kurt Aasly presented use of advanced mineral characterization techniques to quantify sulphides in rocks 
and aggregates. The challenge is to detect very low amounts of minerals, sometimes near the detection 
limit of the equipment. For instance, the detection of pyrrhotite in Norway is based on an old DTA-
equipment developed in the 1950-ties, and there is a lack of calibration of the equipment. However, 
new advanced techniques are developing, such as quantification of amount of minerals by automated 
mineralogy system and multispectral optical microscopy.  Klaartje De Weerdt presented how to 
investigate deterioration mechanisms of concrete containing sulphide-bearing aggregates, and 
considerations on the effects of different mitigating measures. The importance of comparing laboratory 
measurements to what happens in field was emphasised. It was also emphasised that more accurate 
methods for sulphur and pyrrhotite in aggregates and performance tests for concrete containing 
sulphide-bearing aggregates based on the fundamental understanding of the degradation mechanisms 
would have a tremendous impact on the sustainable use of aggregates. 

 

 

In the general discussions after all the presentations, it was pointed out that future challenges are both 
related to geology/petrography, but also to concrete technology. First, we need to implement and 
evaluate the newest and most advanced equipment in mineral characterisation, and see if we could 
quantify critical limits. However, those critical limits need to be investigated by mortar- and concrete 
testing. It was asked if we should depend on the DTA to detect pyrrhotite, or do we need to quantity 
the pyrrhotite at all if we just could depend on performance testing? A reliable performance test needs, 
however, to be verified by comparing the lab data with relevant and sound field results. Hence, this will 
take time, and we should start necessary research as soon as possible.  

In Norway, we have started planning for a national project (with international cooperation) involving 
two PhD students. Possible funding sources are NPRA/E39 Coastal highway route, the Norwegian 
Research Council, NTNU, NGU, HeidelbergCement Northern Europe and possibly other industry 
partners.  

As a curiosity, it was agreed that both the term sulphide (British English) and sulfide (American English) 
both were perfectly acceptable. Sulfide may become the accepted British English spelling too. In any 
case, language is fluid and irrelevant to the chemistry. 

 

http://www.rics.org/globalassets/rics-website/media/upholding-professional-standards/sector-standards/building-surveying/the-mundic-problem-3rd-edition-rics.pdf
http://www.rics.org/globalassets/rics-website/media/upholding-professional-standards/sector-standards/building-surveying/the-mundic-problem-3rd-edition-rics.pdf


Abstract 

Lessons learned from the Follo Line Project – 

Pyrrhotite: a showstopper for reuse of TBM material as concrete aggregate 

Silje Gystad Ytterdal, Bane NOR/Multiconsult  Oslo, October 2018 

Presentation of project – The Follo Line Project 
The Follo Line will be the longest railway tunnel in the Nordic region. The tunnel will be 20 km, whereas 18 km is 
excavated by use of four tunnel boring machines (TBM). The Follo Line will be the longest tunnel in Norway 
consisting of two separate tunnels, and will secure a direct connection between Oslo and Ski. With the new 
railway tunnel, the travel distance between Oslo and Ski reduces from 22 minutes to 11 minutes. The 
construction work started up in the beginning of 2016, and the finalization of the project will be by December 
2021.  

Reuse of TBM material 
Prefabricated concrete segment are covering the TBM- tunnel. The segments are produced in a large factory area 
at the construction site at Åsland. The segment factory is located at the construction site in order to ease logistical 
operations and reduce the environmental impact. It also allows reuse of TBM-material in production of 
aggregates for use in concrete segment production.  

The TBM- project involves excavation of 10 – 11 million tons of rock material. A goal for the project is to maximize 
reuse of rock material from the construction. This involves reuse of material locally as landfills for a new living 
district at Åsland, and production of concrete aggregates. The project planned to use 10-15% of the TBM-
excavated material for concrete aggregate production.  

Geology 
The rocks in the project area consist predominantly of Precambrian gneisses. The different gneisses and rock 
types cannot be assigned to specific tunnel sections as the amphibolite and the intrusives appear as elements 
within the gneisses with varying shape and thickness in alternating sequences. The rock type gneiss formation is 
therefore defined as one geological unit for the whole project area. The tunnel face will normally contain both 
gneisses and amphibolite.  

Picture 1 - Tunnel face containing both gneisses and amphibolite 
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Aggregate testing 
According to NS-EN 12620+NA total content of Sulphur shall not exceed 0.1% S when it is known that pyrrhotite 
is present in the aggregate material. Testing of material from the project showed that 30 % of the samples did 
not fulfill the requirements of NS-EN 12620+NA. Pyrrhotite was identified in 60% of the samples. The performed 
testing did not reveal any clear correlation between rock type and the presence of pyrrhotite, as shown in Figure 
1. As selective production is more or less impossible, aggregate production from TBM material was stopped and
commercial aggregates are now used in production of tunnel segments.

Figure 1 - Variation in pyrrhotite content in terms of geology, red dots are samples with pyrrhotite 

Questions that were raised 
 Is the limit of 0.1% S correct?
 What is the effect of Norwegian cement types, fly ash, GGBFS, silica, low water-cement ratio?
 Which content of pyrrhotite will cause concrete damage?
 The geology at the Follo Line is not unique- why is pyrrhotite not a problem for other aggregate

producers in Norway?
 Why have we not seen damages caused by the presence of pyrrhotite in concrete aggregates in

Norway?
 Time between aggregate production and usage in concrete production was short. Can longterm pre-

storage of the aggregates improve the quality?
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Lessons learned from the Follo Line Project –
Pyrrhotite: a showstopper for reuse of TBM material as 
concrete aggregates 

Workshop: Impact of sulphide minerals (pyrrhotite) in concrete aggregate on concrete behaviour
15.11.2018

The Follo Line will ensure a direct connection between Oslo S and Ski – 22 km

Oslo

Ski 

InterCity-nettet

Europa
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Excavation with 4 custom-made TBM - length 150 m, diameter 9.96 m, 71 cutters
Production of concrete tunnel segments at construction site – 3 segment factories

4
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Concrete segments

 Concrete 1000 m3/d

 Aggregate 1900 tonn/d 

 Cement 390 tonn/d 

 Steel fibers 21 tonn/d 

 Reinforcement 40 tonn/d

 Total concrete volume 500 000 m3

(numbers from AGJV)

B55 
MF40

Production of concrete aggregates from TBM-material
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Concrete aggregates - geology

 Mainly Precambrian gneiss, and also amphibolite

 The Follo Line can be regarded as one
geological unit throughout the entire project area

 The Follo Line route is fixed and aggregate
production cannot be adapted to geological
conditions

Sulphur content and pyrrhotite

 NS-EN 12620+NA section 6.3.2:
Total content of Sulphur < 1 mass percent S
 If it is known that the aggregate contains

pyrrhotite, the limit of total Sulphur content is

reduced to 0.1 % S

 Reported extensive damages in Canada, Sweden,
South-Africa, Switzerland

 Little experience with the damage type in Norway

 Follo Line: design life time of 100 years…

How «correct» is the limit of 0.1%?

Which contents of pyrrhotite will lead to 
damage?

Foto: Aftenposten Scanpix
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Variation in pyrrhotite content in terms of geology How to perform
quality control? 

Selective
production?

Lessons learned

Challenges with production of concrete aggregates from TBM-material:

 Production: short time between production and use, production system must
allow sufficient quality control

 High humidity in crushed sand due to washing

 Variation of rock quality – selective production is difficult

 NS-EN 12620+NA is not adapted to production of concrete aggregate from
tunneling material
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Lessons learned

Questions raised regarding pyrrhotite:
How correct is the limit of 0.1 % in the presence of pyrrhotite?
Why is there no known damages caused by pyrrhotite in Norway?
What is the effect of Norwegian cement, flyash, GGBFS, silica, low w/c?
Which content of pyrrhotite will lead to concrete damage?
The geology at the Follo Line is not unique- (why) is this not a problem for

other aggregate suppliers?

Ferdig tunnel!
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Determination of total sulphur content in aggregates (2004-2018) - results from SINTEF 

Marit Haugen and Jan Lindgård, SINTEF Building and Infrastructure, Box 4760 Torgarden, 7465 
Trondheim, Norway 

Abstract 

During the period 2004 to 2018, SINTEF has determined total sulphur content in aggregates according 
to the reference method in the standard NS-EN 1744-1, chapter 11. This reference method is a wet 
chemical method where the material is treated with hydrogen peroxide, hydrochloric acid and a 
solution of ammonia, in order to alter the sulphur components to sulphate. Thereafter, barium 
chloride is added. The sulphates will then precipitate as barium sulphate.  

The requirements in the aggregate standard NS-EN 12620 with respect to maximum allowed content 
of total Sulphur (S) is: 
- 1 % S if pyrite is the only ore mineral present (i.e. up to 1.4 % S is acceptable)
- 0.1 % S if pyrrhotite is present (i.e. up to 0.14 % S is acceptable)

In total, SINTEF has examined 264 individual aggregate samples with respect to total sulphur content. 
142 of these analyses are performed on crushed rock from rock quarries (RQ), 107 on sand- and gravel 
samples from natural deposits (ND), and 16 analyses are carried out on other materials (rock cores, 
rock samples, light weight aggregates, recycled concrete and waste materials). When excluding the 16 
latter samples and the 13 samples origin from other countries, 235 samples remain. Only results for 
these 235 Norwegian aggregate samples, origin from 58 RQ and 62 ND, are included in the summary. 
From 10 of the rock quarries and 6 of the natural deposits ≥ 4 samples have been analyzed. These have 
been treated statistically.  

The histogram below gives an overview of the total sulphur content in various sulphur ranges. 
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As shown, 14 % of the 235 samples have a total sulphur content higher than 0.14 %. Of these, 58 % (19 
aggregate samples) contain pyrrhotite and are thus not accepted used in concrete according to the 
requirements in NS-EN 12620. These 19 samples origin from 8 different rock quarries. 

Overall for the 235 Norwegian aggregate samples analyzed, 8 % do not satisfy the requirements given 
in the NS-EN 12620.  

According to the review of the SINTEF results, the rock quarries that show a pyrrhotite content above 
the critical acceptance limit consist of limestone, dark rocks (i. e gabbro and amphibolite) or a 
combination of gneiss/granite and dark rocks. 
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DETERMINATION OF TOTAL 
SULPHUR CONTENT IN 
AGGREGATES (2004-2018) -
RESULTS FROM SINTEF

Marit Haugen, Jan Lindgård

SINTEF Building and Infrastructure

Sulphides

2

Pyrite, FeS2

Pyrrhotite, Fe1-xS 
The acceptance limit 10 x 
higher than for pyrrhotite
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Sulphur analyses

• Determination of total sulphur content in aggregates:
• SINTEF uses the reference method in NS-EN 1744-1, chapter 11: Wet chemical method

• Treating with hydrogen peroxide, hydrocloric acid and a solution of ammonia – altering the sulphur components to sulphate

• Addition of barium chloride – precipitation of sulphates as barium sulphate

• Aggregate standard NS-EN 12620 – max. allowed content of total sulphur (S):
• 1 % S if pyrite is the only ore mineral present (up to 1.4 % ok)

• 0.1 % S if pyrrhotite is present (up to 0.14 % ok)

• Type of sulphide determined by DTA (if > 0.1 % S)

3

Sulphur analyses at SINTEF

• 2004-2018: Totally 264 samples examined
• Rock quarries (142 samples)

• Sand - and gravel deposits (107 samples)

• Other materials (15 samples)
• Rock cores, rock samples, light weighted aggregates, recycled concrete and waste materials

• Norwegian aggregate samples (235)
• Rock quarries (RQ): 133 samples (58 locations)

• Sand - and gravel deposits (ND): 102 samples (62 locations)

• The Norwegian results (235 samples) are handled statistically

4
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Results from SINTEF
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Statistics rock quarries
% S

Location ID Number
of analyses Min. Max. Median Mean STDEV

c.o.v
(%)

RQ 1 5 0.02 0.10 0.03 0.04 0.03 71.3

RQ 2 10 0.05 0.17 0.13 0.12 0.03 29.0

RQ 3 4 0.03 0.07 0.05 0.05 0.02 36.9

RQ 4 4 0.10 0.12 0.12 0.11 0.01 9.3

RQ 5 5 0.02 0.06 0.05 0.04 0.02 37.8

RQ 6 4 0.08 0.15 0.10 0.11 0.03 29.5

RQ 7 17 0.01 1.13 0.37 0.45 0.30 66.9

RQ 8 5 0.02 0.15 0.05 0.07 0.05 79.2

RQ 9 4 0.00 0.03 0.02 0.02 0.01 71.9

RQ 10 7 0.00 0.04 0.01 0.01 0.01 107.3
6

One outlier

Large scatter

13



Statistics natural deposits

7

% S

Location ID Number
of analyses Min. Max. Median Mean STDEV

c.o.v
(%)

ND 1 6 0.01 0.03 0.02 0.02 0.01 47.9

ND 2 5 0.00 0.03 0.03 0.02 0.01 59.7

ND 3 5 0.00 0.04 0.02 0.02 0.01 66.0

ND 4 4 0.02 0.04 0.04 0.03 0.01 26.4

ND 5 4 0.00 0.01 0.00 0.00 0.01 200.0

ND 6 4 0.00 0.02 0.02 0.02 0.01 66.7

Summary

• 14 % (33 samples) of 235 Norwegian aggregate samples contain ≥ 0.14 % total S
• All samples origin from rock quarries

• About half of the samples (19) contain pyrrhotite and thus do not satisfy the requirements in NS-EN 12620

• These 19 samples constitute 8 % of all the Norwegian aggregate samples examined at SINTEF

• These 19 samples origin from 8 different rock quarries

• The rock quarries with pyrrhotite > the acceptance limit consist of
• Limestone

• Dark rocks (i.e. gabbro and amphibolite)

• Combination of gneiss/granite and dark rocks

8
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Abstract for workshop “Impact of sulphide minerals (pyrrhotite) in concrete aggregate on 

concrete behaviour. 15th – 16th November 2018, Oslo Norway 

Total S and Pyrrhotite in Norwegian concrete aggregate deposits. 

Statistical assessment from NBTLs database over projects 

Viggo Jensen 

Norwegian Concrete and Aggregate Laboratory LTD 

Tempevegen 25, 7031 Trondheim, Norway. Nbtl@nbtl.no, www.nbtl.no 

Norwegian Standard NS-EN 12620 «Concrete Aggregate» require analysis of total S according 

to an acid solution- and gravimetric method alternatively a combustion method (Leco). In case 

the aggregate contain pyrrhotite the limit for total S is 0.1 % S.  

Testing over years has shown that several Norwegian commercial aggregate quarries do not 

fulfil the requirement for total S and pyrrhotite in the standard. Recently focus on this problem 

has been actual in Norway by the Follobane tunnel project where excavated tunnel material was 

planned to be used as concrete aggregate. However, the aggregate contained varying high total 

S as well as pyrrhotite. Because of a potential risk for concrete deterioration the tunnel mass 

was not approved to be used in concrete. The extent of the “pyrrhotite problem” and type of 

aggregates with high sulfur and pyrrhotite is not known today. Moreover, according to the 

author’s knowledge, cases of concrete deterioration due to pyrrhotite, has not yet been reported 

in Norway today. 

The aim of the investigation is to reveal how many Norwegian aggregate quarries and rock 

types, which not fulfil the requirement in the standard. This has been done by statistical analyses 

based on data from NBTls database of commercial testing including analyse result from both 

the leco method and acid solution – gravimetric method as well as petrographic analyses  

Analyse results from 300 total sulfur analyses and DTA analyses carried out by NBTL in the 

period Marts 2016 to October 2018 has been assessed. The correlation between leco analyses 

and acid solution – gravimetric analyses has been calculated to be R2 0.802.  About 12 % of the 

analyses is higher than 0.15 % S and 19-23 % is higher than 0.10 % S.  

35 commercial quarries (inclusive tunnel mass project) containing pyrrhotite do not fulfil the 

requirement for total sulfur less than 0.10 %. Most of the quarries are crushed rock but two 

quarries are natural aggregates (glaciofluvial). Rock types containing pyrrhotite with total S 

more than 0.10 % S is:  mafic rock (gabbro, amphibolite, greenstone); gneiss, granite; 

greywacke, sandstone, silt-claystone; limestone; feldspatic rock (rhomb porphyry) and volcanic 

rock (rhyolite) 
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Workshop “Impact of sulphide minerals (pyrrhotite) in concrete aggregate on concrete behaviour. 15th – 16th November 2018, Oslo Norway

Viggo Jensen

Norwegian Concrete and Aggregate Laboratory LTD
Tempevegen 25, 7031 Trondheim, Norway. Nbtl@nbtl.no, www.nbtl.no

Total S and Pyrrhotite in Norwegian concrete aggregate deposits

Statistical assessment from NBTLs database over projects

Workshop “Impact of sulphide minerals (pyrrhotite) in concrete aggregate on concrete behaviour. 15th – 16th November 2018, Oslo Norway

Established July 2002 by Viggo Jensen (Owner and managing Director)

Norwegian Concrete and Aggregate Laboratory LTD (NBTL)

New owners from Mai 2018 (Alnus Holding AS (Pro Invenia))

NBTL is certified class HI testing laboratory (no. U19) by the 
Norwegian Control Council (class PI, PII2, PIII, AI, AII, BI, NI, NII)

Employes: 3 geologist (1 more from January 2019) and 2 technichians
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Workshop “Impact of sulphide minerals (pyrrhotite) in concrete aggregate on concrete behaviour. 15th – 16th November 2018, Oslo Norway

Synopsis

Analyses results from 300 total sulfur analyses and DTA analyses carried out by NBTL
in the period Marts 2016 to October 2018 has been assessed. The correlation
between leco analyses and acid solution – gravimetric analyses has been calculated
to be R2 = 0.802. About 12 % of the analyses is higher than 0.15 % S and 19-23 % is
higher than 0.10 % S.

35 commercial quarries (inclusive tunnel mass project) containing pyrrhotite do not 
fulfil the requirement for total sulfur less than 0.10 %. Most of the quarries are 
crushed rock but two quarries are natural aggregates (glaciofluvial). 

Rock types containing pyrrhotite with total S more than 0.10 % S is:  mafic rock 
(gabbro, amphibolite, greenstone); gneiss, granite; greywacke, sandstone, silt-
claystone; limestone; feldspatic rock (rhomb porphyry) and volcanic rock (rhyolite)

The aim of the investigation is to reveal how many Norwegian aggregate quarries
and rock types, which not fulfil the requirement in the standard. This has been done
by statistical analyses based on data from NBTls database of commercial testing
including analyse result from both the leco method and acid solution – gravimetric
method as well as petrographic analyses. Correlation by the two methods has been
established as well as the distribution of total sulfur.

Aims and methods

Workshop “Impact of sulphide minerals (pyrrhotite) in concrete aggregate on concrete behaviour. 15th – 16th November 2018, Oslo Norway

Background for the project

Testing over years has shown that several Norwegian commercial aggregate quarries do
not fulfil the requirement for total sulfur and pyrrhotite in the standard. Recently focus
on this problem has been actual in Norway by the Follobane tunnel project where
excavated tunnel material was planned to be used as concrete aggregate. However, the
tunnel material contained varying high total sulfur as well as pyrrhotite. Because of a
potential risk for concrete deterioration the tunnel mass was not approved to be used
in concrete.

The extent of the “pyrrhotite problem” and type of aggregates with high sulfur and
pyrrhotite in Norway is not known today. With aim to assess this problem in Norway an
“ad hoc” group (Magnetkisgruppen) with participants from the public and the industri
was established in 2017. This presentation is from an investigation commissioned by the
“magnetkisgruppen” where data from NBTLs database over commercial testing by NBTL
has been processed and analysed.

According to the author’s knowledge, cases of concrete deterioration due to pyrrhotite,
has not yet been reported in Norway today.
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Workshop “Impact of sulphide minerals (pyrrhotite) in concrete aggregate on concrete behaviour. 15th – 16th November 2018, Oslo Norway

Norwegian Standard NS-EN 12620:2002 +A1:2008+NA:2016 «Concrete
Aggregate» require analysis of total sulfur according to the test method NS-
EN 1744-1 clause 11. In case the aggregate contain pyrrhotite the limit for
total S is 0.1 % S, else 1 % total S.
Note the standard does not recommend any method for analyzing pyrrhotit.

NS-EN 1744-1 clause 11. gives two methods for analyzing total sulfur.
• Clause 11.1 (reference method) is an acid solution and gravimetric

method

• Clause 11.2 (alternative method) is a combustion method (e.g. Leco)

NBTL has over several years used both methods simultaneous for
commercial testing of total sulfur and results are presented here.

National appendix to NS-EN 1260 NA:2016 clause NA.10 gives a brief
description of a differential thermic method (DTA) for detection of pyrrotite
but not as a requirement.

Standardisation and requirements

Workshop “Impact of sulphide minerals (pyrrhotite) in concrete aggregate on concrete behaviour. 15th – 16th November 2018, Oslo Norway

DTA analyse
DTA gives two types of results: 
• «indication of pyrite» when one peak is detected or
• «indication of Pyrrhotite or a combination of different types of sulphides when two

peaks is detected»

Result: indication
of Pyrite

Crushed rock with
70 % gneiss, 25 % 
mafic rock and 5 
% feldspatic rock

Total sulfur = 0.098 %
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Workshop “Impact of sulphide minerals (pyrrhotite) in concrete aggregate on concrete behaviour. 15th – 16th November 2018, Oslo Norway

DTA analyse

Result: indication of
Pyrrhotite or a 
combination of different 
types of sulphides

DTA from sandstone

Total sulfur = 0.192 %

Workshop “Impact of sulphide minerals (pyrrhotite) in concrete aggregate on concrete behaviour. 15th – 16th November 2018, Oslo Norway

Correlation between acid‐gravimetric method and combustion method (leco) 

Graph with 300 analyses total sulfur by acid solution -gravimetric method and leco
method analysed by NBTL in the period 7. Marts 2016 to 10. October 2018

The graph is excluded results from rhomb porfyry (with pyrrhotite) where leco gived
1.25 % S and acid-gravimetric method gived 1.89 % S 
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Workshop “Impact of sulphide minerals (pyrrhotite) in concrete aggregate on concrete behaviour. 15th – 16th November 2018, Oslo Norway

Correlation between acid‐gravimetric method and combustion method (leco) 

Same results as previous fig.  shown in the intervall 0.10 % S to 0.20 % S.

Workshop “Impact of sulphide minerals (pyrrhotite) in concrete aggregate on concrete behaviour. 15th – 16th November 2018, Oslo Norway
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Workshop “Impact of sulphide minerals (pyrrhotite) in concrete aggregate on concrete behaviour. 15th – 16th November 2018, Oslo Norway

Distribution of total sulfur

The graph shows the distribution of total sulfur (percentage) by the two methods

About 12 % of the analyses is higher than 0.15 % S and 19-23 % is higher than 0.10 % S.

Workshop “Impact of sulphide minerals (pyrrhotite) in concrete aggregate on concrete behaviour. 15th – 16th November 2018, Oslo Norway

Processing and sorting results from seperate quarries in NBTLs database with criteria

maks total sulfur > 0.08 % S and DTA has been performed and revealed 54 quarries of

crushed rock (inclusive projects ) and 3 natural gravel deposits.   

35 commercial quarries (inclusive tunnel mass project) containing pyrrhotite do not

fulfil the requirement for total sulfur less than 0.10 %. Most of the quarries are

crushed rock but two quarries are natural aggregates (glaciofluvial).

Rock types containing pyrrhotite with total S more than 0.10 % S is: mafic rock

(gabbro, amphibolite, greenstone); gneiss, granite; greywacke, sandstone, silt-

claystone; limestone; feldspatic rock (rhomb porphyry) and volcanic rock (rhyolite)

Classification of rock types is from simplified petrographic analyses (NS-EN 932-3) 

and/or from thin section analysis for alkalireactivity (NB21/NB32). For some rock 

types general names as «mafic rock» or «felspatic rock» has been used. Names in 

bracket is when more spesific name were avaible)

NBTLs database with criteria maks total sulfur > 0.08 % S and DTA 
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Workshop “Impact of sulphide minerals (pyrrhotite) in concrete aggregate on concrete behaviour. 15th – 16th November 2018, Oslo Norway

Norske tilslagsforekomster med total svovel maks. > 0,08 % og med utført DTA analyse
Nr. Type Rock types N Median Maks Min St. Av. Pyrrhotite*

29 k mafisk (gabbro) 18 0,12 0,37 0,01 0,074 ja
57 k gråvakke, sandstein 1 0,57 ja
48 k kalkstein 1 0,71 ja
55 p kalkstein, mafisk 1 0,55 ja

8 k mafisk (gabbro) 3 0,21 0,24 0,15 0,045 ja
13 k mafisk (gabbro) 4 0,18 0,24 0,06 0,079 ja
34 k feltspatisk bergart 2 0,10 0,11 0,09 0,008 ja

6 n granitt? 1 0,22 ja
19 k gneis, granitt, mafisk 7 0,15 0,33 0,06 0,091 ja/nei
16 k mafisk (amfibolitt) 2 0,17 0,21 0,13 0,057 ja/nei

4 p feltspatisk, (Rompe porfyr) 2 0,76 1,25 0,27 0,697 ja/nei
7 k gneis, granitt, mafisk 2 0,22 0,35 0,09 0,183 ja/nei
5 k/n mafisk (grønnsten),gråvakke, gneis 3 0,23 0,25 0,21 0,122 ja/nei

27 p mafisk (amfibolitt), gneis 31 0,13 0,28 0,00 0,070 ja/nei
17 k gneis, granitt, mafisk 7 0,16 0,37 0,13 0,083 ja/nei
36 k gneis 1 0,09 nei
30 k eklogitt 1 0,12 nei
44 k gneis, granitt, mafisk 7 0,08 0,19 0,05 0,058 nei
39 k gneis, granitt, mafisk 1 0,09 nei
47 k gneis, granitt, mafisk 2 0,07 0,09 0,04 0,032 nei

* indikasjon

Excerpt from 57 deposits

Abbrivations: Type: K = crushed rock, P = projects e.g. tunnel material or unknown
origin, n = natural aggregate. N is number of leco analysis,
Pyrrhotite is indikation Yes, Yes/No or No

NBTLs database with criteria maks total sulfur > 0.08 % S and DTA 

Workshop “Impact of sulphide minerals (pyrrhotite) in concrete aggregate on concrete behaviour. 15th – 16th November 2018, Oslo Norway

Conclusion

The correlation between leco analyses and acid solution – gravimetric analyses has 

been calculated to be R2 0.802. 

About 12 % of the analyses is higher than 0.15 % S and 19-23 % is higher than 

0.10 % S

35 commercial quarries (inclusive tunnel mass project) containing pyrrhotite do 

not fulfil the requirement for total sulfur less than 0.10 %. 

Most of the quarries are crushed rock but two quarries are natural aggregates 

(glaciofluvial). 

Rock types containing pyrrhotite with total S more than 0.10 % S is: mafic

rock (gabbro, amphibolite, greenstone); gneiss, granite; greywacke,

sandstone, silt-claystone; limestone; feldspatic rock (rhomb porphyry) and

volcanic rock (rhyolite)

22



Workshop “Impact of sulphide minerals (pyrrhotite) in concrete aggregate on concrete behaviour. 15th – 16th November 2018, Oslo Norway

Concrete deterioration due to pyrrhotite in aggregates has not yet been
reported in Norway. This even several quarries and projects contain pyrrhotite
and total sulfur significant higher than the limit value. Several of the quarries
have produced concrete aggregates over many years without complains.

Why do we not have durability concrete problem due to pyrrhotite in Norway
????
because the DTA analysis not detect or quantify pyrrhotite correct??
because w/c-ratio is lower in Norwegian concretes comparet to e.g. Canada ??
Because incorrect total sulfur limit value ???

It seems that pyrrhotite in aggregates not is a concrete durability problem in
Norway - but caused by the requirements in the standard.

- and it affect several Norwegian produser negatively.

Therefore it is recommented to focus on research of methods replacing or
overrule the DTA analysis

After note

Workshop “Impact of sulphide minerals (pyrrhotite) in concrete aggregate on concrete behaviour. 15th – 16th November 2018, Oslo Norway

Thanks

23
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Cases in Sweden were sulphides minerals may contribute to damages in 

concrete 

Magnus Döse 
Tech. lic. Concrete and Buildings/KTH 
RISE, Borås, Sweden 
Magnus.dose@ri.se 

Introduction 

It is well described in literature that sulphide minerals in aggregates may lead to excess of sulphur in 
the finalized concrete product and consequent sulfate attack under different conditions. The short 
information below is a summary of geological bedrock, climate, regulations and a few damages and 
cases occurring in Sweden during the last decade. 

Composition of aggregates and geological background of bedrock in Sweden. 

Today, most Swedish aggregates constitute of crushed rock. Approximately 85 % of the Swedish 
bedrock is generated by crushing bedrock by initial blasting. Glaciofluvial sediments (natural gravel) 
contribute with approximately 15 %. The bedrock in Sweden mainly consists of Precambrian  plutonic 
(magmatic, crystalline) and metamorphic rocks. Large areas are composed of gneisses and granites. 
Sedimentary rocks of younger origin (Cambrian) occur in the central parts of Sweden as schists 
(alunskiffer), sandstones, and calcite carbonate rocks (Hunneberg, Kinnekulle). In the southern parts 
of Sweden (Skåne region) most rocks are of sedimentary origin with a minor metamorphic imprint. In 
summary, most aggregates in Sweden consist of granites and gneisses. 

Climate 

Sweden has semi continental climate with moderate to high humidity, warm summers and cold 
winters. Due to the nature of the country (skinny but long), the climate can be very different in the 
northern parts compared to the southern parts.  

Regulations and damages in concrete caused by aggregates. 
Guidelines concerning the threshold for total sulphur in aggregates (0,1 % weight for pyrrothite) is 
given in EN 12620:2008. The national standard, SS137003:2015 (EN 2016-1) recommends a 
maximum of 0.8 % weight (total sulphur) for aggregates in concrete.  

The most common features concerning damages in concrete structures in Sweden relate to frost and 
alkalisilicareactive (ASR) aggregates. These are the prominent features of concrete damages in 
Sweden. Very few cases in Sweden are reported that relate to sulphide minerals causing degradation of 
and reduced durability of the concrete. No cases are known in relation to tunneling (sprayed concrete) 
or concrete roads. In some cases concrete paving’s/facades may pose issues with discoloration. The 
causes to the discoloration can often be traced to specific aggregate quarries. It is known that the 
younger sediments in the south of Sweden, may occasionally contain higher concentrations of sulphide 
phases in the aggregates. These issues are however also of concern in the northern parts of Sweden 
(region of iron ores and sulphide zones) were local quarries may be used for larger contracts (Kiruna 
railroad) when constructing. However, no cases have been reported were implications of sulphide 
minerals have been shown in the finalized concrete product.  
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A swedish outlook..

Aggregates with sulphides – issue?
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Precast and cast in place?

Sulphides-reactions?
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Case I – Discoloration – paving stones/tiles

Mg Al Si S Mn Fe Cu

Object_1 1,03 1,04 29,81 22,51 0,04 42,21 0,00 

Object_2 0,76 1,09 25,04 27,32 0,02 39,07 0,00 

Case study II – discoloration 

27



ASR a ”bigger” issue in Sweden…

Some areas of interest..
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 Discoloration on some precast elements

 Discoloration by sulphides – most investigations in relation to tiles/paving
stones

 Minor areas of sedimentary rocks contain larger volumes of sulphides

 Northern parts of Sweden – under investigation in larger projects, local
quarries could be a potential source of concern

 Sprayed concrete in ores – used under limited time...hence not an issue..

 ”Entreprenadmassor” may cause issue? if used in concrete

Concluding remarks
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Workshop Impact of sulphide minerals (pyrrhotite) in concrete aggregate on concrete behavior,
Oslo 15th – 16th November 2018

Cases in Finland where sulphide minerals in aggregate have caused
damages in Concrete structures

Hannu Pyy
Senior specialist
MSc. (geology), LicSc. (eng.geol & concrete tech.)
Vahanen Building Physics Ltd.
Linnoitustie 5, FIN 02600 Espoo, Finland
Hannu.pyy@vahanen.com

Geological background of Finnish aggregates

In Finland the bedrock is manly made of Precambrian plutonic and metamorphic rocks. The
occurrence of sedimentary rocks is marginal and these rocks are also of Precambrian age. The
metamorphic rocks are different metavulcanites, gneisses, schists and quartzites and they are often
highly metamorphosed and folded.

The very old bedrock is covered by soil from the latest ice age, about 10000 years ago, so there is
a wide time gap between these two. The soil represents well the composition of the underlying
bedrock. Granites and granodiorites are the most common rock types in the bedrock and soil. These
rock types cover about 60 – 70 % of the average composition of a sporadic aggregate. The rest is
mainly made of gneisses and schists. In Eastern Finland quartzites play a more significant role. So,
Finland is known as a country having very durable granitic aggregate that is used in a wide range of
construction applications.

The geology of Finnish bedrock and soil is well studied and therefore there is a good general view
of the composition of aggregates in different parts of the country.
From a geological point of view, there is in general very much in common with Finland and its
neighbour Sweden.

EN 12620 specifies the properties of aggregates for use in concrete in conformity with EN 206-1.
Guidelines are in the national code By 43 Aggregates for Concrete.

Damages in concrete

Finland has a humid and cool semi continental climate, characterized by warm summers and
freezing winters. For this reason damages caused by frost action (freezing and thawing) are the most
popular and the Finnish Concrete Code (By 65) gives requirements for the frost resistant concrete;
requirements for air-entraining in different exposure classes.

Because of cold winter also de-icing salt is widely used, causing a risk to steel corrosion in structures,
especially on bridges. These damages are for the second after frost damages.

Damages are also by alkali aggregate reactions, chemical attack, fire, loads, impacts etc.
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Damages caused by sulphide minerals

Damages caused by sulphide minerals in aggregate are quite rare. This is because of the nature of
Finnish aggregates; they are mainly granitic and granodioritic gravel sieved from eskers and they
are (in general) free from sulphide minerals.

Vahanen Building Physics Ltd is a consulting firm specialized in conditions evaluations of bridges,
buildings, water towers, docks etc. and in studying aggregates and doing moisture and other
measurements on sites. In the research work done in 2012 – 2018 we have found in three cases
concrete damages in façade elements caused by sulphide minerals in aggregate.

In every case the visible signs were rusty surfaces and pop outs. The first thought was that it is
question about rusty steel bars in the elements. But in every case the bars were of stainless steel
and the bars were in excellent condition. By studying the cored samples with thin section and SEM
we found that it is question about damages caused by sulphide minerals (Fig. 1.). The damages
were not structural but mainly esthetic.

There was one common nominator in all these three cases. The elements were made in factories in
Eastern Finland.

Fig. 1. Damages caused by sulphide minerals on the surface of a concrete panel.

Why this type of damages? There are several explanations:
• Those who analyse aggregates in laboratories are geologists, who knows geology but not

that much concrete technology and chemical conditions in concrete.
• When doing a simplified petrographic analysis, you just study the aggregate with your naked

eye and under stereomicroscope. If it is a question about a gravel from an esker and the
grains are contaminated with fine dust or precipitate from groundwater, can you really detect
possible sulphide minerals. And very much that type of aggregate is used in Finland.

• When studying crushed aggregate and / or using petrographic thin section study, it is more
probable, that sulphide minerals will be detected on a broken surface.

• Then there is always the speculation, that some “not that well known” aggregate / waste has
been used for some (economic) reasons.

31



CASES IN FINLAND WHERE 
SULPHIDE MINERALS IN 
AGGREGATE HAVE CAUSED 
DAMAGES IN CONCRETE 
STRUCTURES

Hannu Pyy
M.Sc. Lic.Sc., Eng.geol. & Concrete tech.

Vahanen Building Physics Ltd.

Workshop Impact of sulphide minerals 
(pyrrhotite) in concrete aggregate on concrete 
behavior  - Oslo 15th – 16th November 2018

CASES IN FINLAND WHERE SULPHIDE MINERALS IN AGGREGATE HAVE CAUSED DAMAGES IN CONCRETE STRUCTURES
HANNU PYY

Geological background of Finnish aggregates

In Finland the bedrock is manly made of 
Precambrian plutonic and metamorphic rocks. 

The occurrence of sedimentary rocks is marginal 
and these rocks are also of Precambrian age. 

The plutonic rocks are mainly granites and grano-
diorites

The metamorphic rocks are different metavulcanites, 
gneisses, schists and quartzites and they are 
often highly metamorphosed and folded. 

2
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CASES IN FINLAND WHERE SULPHIDE MINERALS IN AGGREGATE HAVE CAUSED DAMAGES IN CONCRETE STRUCTURES
HANNU PYY

Geological background of Finnish aggregates

• The very old bedrock is covered by soil from the latest ice age, about
10.000 years ago, so there is a wide time gap between these two.

• The glaciofluvial sediments represent well the composition of the
underlying bedrock. Granites and granodiorites are the most common
rock types and they cover about 60 – 70 % of the average composition
of a sporadic aggregate.

• The rest is mainly made of gneisses and schists. In Eastern Finland
quartzites play a more significant role.

3

CASES IN FINLAND WHERE SULPHIDE MINERALS IN AGGREGATE HAVE CAUSED DAMAGES IN CONCRETE STRUCTURES
HANNU PYY

Geological background of Finnish aggregates

• From the geological point of view, there is in general very much in
common with Finland and its neighboring country Sweden.

4
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CASES IN FINLAND WHERE SULPHIDE MINERALS IN AGGREGATE HAVE CAUSED DAMAGES IN CONCRETE STRUCTURES
HANNU PYY

Geological background of Finnish aggregates

• The geology of Finnish bedrock and soil is well studied and therefore
there is a good general view of the composition of aggregates in
different parts of the country.

• Finland is known as a country having very durable granitic aggregate
that is used in a wide range of construction applications.

5

CASES IN FINLAND WHERE SULPHIDE MINERALS IN AGGREGATE HAVE CAUSED DAMAGES IN CONCRETE STRUCTURES
HANNU PYY

Geological background of Finnish aggregates

• EN 12620 specifies the properties of aggregates for use in concrete.
• Guidelines are in the national code published by the Concrete

Association of Finland By 43 Concrete Aggregates (in Finnish).

6
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CASES IN FINLAND WHERE SULPHIDE MINERALS IN AGGREGATE HAVE CAUSED DAMAGES IN CONCRETE STRUCTURES
HANNU PYY

Damages in concrete

• Finland has a humid and cool semi continental climate, characterized
by warm summers and freezing winters.

• For this reason damages caused by frost action (freezing and thawing)
are the most common

• Finnish Concrete Code (By 65) gives requirements for the frost
resistant concrete

– requirements for air-entraining in different exposure (XF) classes

7

CASES IN FINLAND WHERE SULPHIDE MINERALS IN AGGREGATE HAVE CAUSED DAMAGES IN CONCRETE STRUCTURES
HANNU PYY

Damages in concrete

• Because of cold winters also de-icing salt is widely used, causing a risk
to steel corrosion in structures, especially on bridges. These damages
are the second common after frost damages.

8
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CASES IN FINLAND WHERE SULPHIDE MINERALS IN AGGREGATE HAVE CAUSED DAMAGES IN CONCRETE STRUCTURES
HANNU PYY

Damages in concrete

• Damages are also caused by alkali aggregate reactions, chemical
attack, fire, loads, impacts etc.

9

CASES IN FINLAND WHERE SULPHIDE MINERALS IN AGGREGATE HAVE CAUSED DAMAGES IN CONCRETE STRUCTURES
HANNU PYY

Damages caused by sulphide minerals

• Damages caused by sulphide minerals in aggregate are quite rare.

• Vahanen Building Physics Ltd is a consulting firm specialized in
conditions evaluations of bridges, buildings, water towers, docks etc.
and studying concrete and aggregates in laboratory.

• In the research work done in 2012 – 2018 we have found in three cases
concrete damages in façade elements caused by sulphide minerals in
aggregate.

10
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CASES IN FINLAND WHERE SULPHIDE MINERALS IN AGGREGATE HAVE CAUSED DAMAGES IN CONCRETE STRUCTURES
HANNU PYY

Damages caused by sulphide minerals

• In every case the visible signs were rusty surfaces and pop outs.
• The first thought was that it is question about rusty steel bars in the

elements.
• But in every case the bars were of stainless steel and the bars were in

excellent condition.
• The damages were caused by sulphide minerals in aggregate

11

CASES IN FINLAND WHERE SULPHIDE MINERALS IN AGGREGATE HAVE CAUSED DAMAGES IN CONCRETE STRUCTURES
HANNU PYY

Damages caused by sulphide minerals

• Case N:o 1 apartment house in Vantaa

12
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CASES IN FINLAND WHERE SULPHIDE MINERALS IN AGGREGATE HAVE CAUSED DAMAGES IN CONCRETE STRUCTURES
HANNU PYY

Damages caused by sulphide minerals

• Case N:o 1 apartment house in Vantaa

13

CASES IN FINLAND WHERE SULPHIDE MINERALS IN AGGREGATE HAVE CAUSED DAMAGES IN CONCRETE STRUCTURES
HANNU PYY

Damages caused by sulphide minerals

• Case N:o 2 apartment house in Espoo

14
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CASES IN FINLAND WHERE SULPHIDE MINERALS IN AGGREGATE HAVE CAUSED DAMAGES IN CONCRETE STRUCTURES
HANNU PYY

Damages caused by sulphide minerals

• Case N:o 3 apartment house in Espoo
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CASES IN FINLAND WHERE SULPHIDE MINERALS IN AGGREGATE HAVE CAUSED DAMAGES IN CONCRETE STRUCTURES
HANNU PYY

Damages caused by sulphide minerals

Why these type of damages are possible? 
• Those who analyze aggregates in laboratories are geologists, who

knows geology but not that much concrete technology and chemical
conditions in concrete.

• When doing a petrographic analysis (EN932-3, EN12407), it is common
that you just study the aggregate with your naked eye and under a
stereomicroscope.

– If it is a question about a gravel from a glaciofluvial deposit and the grains are
contaminated with fine dust or precipitate from groundwater, can you really detect
possible sulphide minerals. And very much that type of aggregate is used in Finland.

16
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CASES IN FINLAND WHERE SULPHIDE MINERALS IN AGGREGATE HAVE CAUSED DAMAGES IN CONCRETE STRUCTURES
HANNU PYY

Damages caused by sulphide minerals

Why these type of damages are possible? 
• When studying crushed aggregate and / or when using petrographic

thin section study, it is more probable, that sulphide minerals will be
detected on a broken surface / polished section / thin section.

• Then there is always the speculation, that some “not that well known”
aggregate / waste has been used for some (economic) reasons.

17

CASES IN FINLAND WHERE SULPHIDE MINERALS IN AGGREGATE HAVE CAUSED DAMAGES IN CONCRETE STRUCTURES
HANNU PYY

Damages caused by sulphide minerals

What did we learn 
• “Finland is known as a country having very durable granitic aggregate

that is used in a wide range of construction applications”
– Yes, in general, but there can be surprises, as we learned also when we found AAR

• More accuracy is needed in analyses
• More information to branch

18

40



THANK YOU

Hannu Pyy, 
senior specialist, M.Sc. Lic.Sc., Eng.geol. & Concrete tech.

Vahanen Building Physics Ltd.
Concrete Technology

+358 40 507 2071

www.vahanen.com

.

Hannu.pyy@vahanen.com

Linnoitustie 5, FIN-02600 Espoo, Finland

.
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Impact of sulphide minerals (pyrrhotite) in 

concrete aggregate on concrete behaviour 

November 15-16, 2018, Oslo, Norway 

Overview of the Deterioration mechanisms: Cases of deterioration in 

Canada and US. 

by J.Duchesne and B. Fournier, Université Laval, Québec, Canada 

Abstract: 

Damages in concrete containing sulphide-bearing aggregates were observed in the Trois-
Rivières area (Québec, Canada) and more recently in Northeastern Connecticut (USA). 
The deterioration problems are related to the oxidation of sulphide-bearing aggregates 
used for concrete manufacturing. In both cases, the aggregates used to produce concrete 
contained pyrrhotite, an iron sulphide mineral of composition Fe1-xS. 

In both cases, petrographic examination of concrete core samples was carried out using 
a combination of tools including: stereomicroscopic evaluation, polarized light 
microscopy, scanning electron microscopy, X-ray diffraction and electron microprobe 
analysis. Secondary reaction products observed in the damaged concrete include “rust” 
mineral forms (e.g. ferric oxyhydroxides such as goethite, limonite (FeO (OH) nH2O) and 
ferrihydrite), gypsum, ettringite and thaumasite. In presence of water and oxygen, 
pyrrhotite oxidizes to form iron oxyhydroxides and sulphuric acid. The acid then reacts 
with the phases of the cement paste/aggregate and provokes the formation of sulphate 
minerals. Understanding both mechanisms, oxidation and internal sulphate attack, is 
important to be able to duplicate the damaging reaction in laboratory conditions, thus 
allowing the development of a performance test for evaluating the potential for 
deleterious expansion in concrete associated with sulphide-bearing aggregates. 

Keywords: Petrography; Degradation; Sulphate Attack; Thaumasite; Ettringite; Sulphide-

bearing aggregate, Pyrrhotite. 
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Overview of the Deterioration 
Mechanisms: Cases of deterioration 

in Canada and US

J. Duchesne and B. Fournier
CRIB – Laval

Université Laval, Québec, Qc, CANADA

• More than 2 000 residential owners in the Trois-
Rivières area (Quebec, Canada) are facing serious
issues related to their concrete deterioration
▪ Foundation walls (residential and commercial)

▪ Slabs on grade

Situation
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Trois-Rivières Case Study

Observations
• Rapid Deterioration
• Oxidation on iron sulfide-bearing aggregates
• Presence of rust (iron oxyhydroxide)
• Signs of Sulfatation
• No External Source of Sulfate
• Presence of gypsum

Characterisation Methods
Visual Inspection of Concrete Foundation
• Identify any signs of deterioration

- deformation
- cracking (pattern and intensity)
- exposure conditions, …

• Concrete samples (100-mm diameter cores)
- cut with diamond blade
- polished for stereomicroscope observations
- impregnated under vacuum (low viscosity resin)
- polished ∙SiC and loose alumina abrasive powders

∙lubricant – isopropyl alcohol
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Visual Inspection - Trois-Rivières Case Study

Visual Inspection - Trois-Rivières Case Study
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Visual Inspection - Trois-Rivières Case Study

Visual Inspection - Trois-Rivières Case Study
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Visual Inspection - Trois-Rivières Case Study

Visual Inspection - Trois-Rivières Case Study
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Visual inspection of deteriorated houses

1
1

Visual Inspection - Trois-Rivières Case Study
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Visual Inspection - Trois-Rivières Case Study

Visual Inspection - Trois-Rivières Case Study
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Oxidation Reactions

Oxidation of pyrite

FeS2 + 15/4 O2 + 5/2H2O  FeOOH + 2 H2SO4

pyrite goethite Sulfuric acid

Oxydation of pyrrhotite
Fe1-xS + (2-x/2)O2 + xH2O  (1-x)Fe2+ + SO4

2- + 2x H+

pyrrhotite

Oxidation Reactions

Oxidation of ferrous iron (Fe2+)
Fe2+ + 1/4 O2 + 2H+  Fe3+ + 1/2H2O

Fe3+ + 3H2O  Fe(OH)3 (s) + 3H+

Fe2+ is oxidized and precipitated as ferric 
oxyhydroxides (ferrihydrite and goethite)
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Oxidation Reactions

Reaction with portlandite
H2SO4 +      Ca(OH)2  CaSO4 · 2H2O

Sulfuric acid   +   portlandite    gypsum

Secondary Ettringite Formation
3(CaSO4·2H2O) + C3A + 26 H2O  C3A · 3CaSO4 · H32

gypsum + C3A + water    ettringite

Oxidation Reactions

Most Common Secondary Products

• ‟Rust”
• goethite (FeOOH)
• limonite (FeO(OH)nH2O)
• ferrihydrate (Fe2O3∙0.5 H2O)
• …

• Gypsum (CaSO4·2H2O)
• Ettringite (C3A · 3CaSO4 · H32)
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Replacement of Concrete Foundation Walls

Replacement of Concrete Foundation Walls
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Geological Map – Trois-Rivières Area

Characterisation Methods

Petrographic Examination
Aggregate

Concrete

- Macroscopic examination
- Microscopic observation

Polarized light microscopy
- transmitted light
- reflected light

- Scanning Electron Microscopy (SEM/EDS)
- Electron Probe Microanalysis (EPMA)
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St-Boniface Quarry - Lithology
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St-Boniface Quarry - Lithology
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Petrography & chemistry of rocks
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Petrographic Examination of Aggregates

Plane polarized light
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Petrographic Examination of Aggregates
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Petrographic Examination of Aggregates
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Electronic microprobe

EDS (energy dispersive)

Pyrite
46.5% Fe et 53.5% S
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EDS (energy dispersive)

Pyrrhotite
62.3% Fe et 37.7% S

Petrographic examination of rocks

Electron microprobe

59



Ca KαBSE Fe Kα

Ni Kα S Kα

False color reconstruction image :

Red : Fe < or > Ni     Green: S      Blue: Ca

Chemical mapping (microprobe)

BSE

Chemical mapping (microprobe)

False color reconstruction image :

Red : Fe < or > Ni     Green: S     Blue: Ca
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In-Situ Chemical Analysis (EPMA)

100 mm

20 mm

Petrographic Examination of Concrete Samples
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Fig
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4 mm

4 mm

Petrographic Examination of Concrete Samples

Petrographic Examination of Concrete Samples
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Petrographic Examination of Concrete Samples

Petrographic Examination of Concrete Samples
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Petrographic Examination of Concrete Samples

SEM examination of concrete samples
Pyrrhotite + oxygen + water → goethite + sulfuric acid

20 mm

pyrrhotite

Iron oxyhydroxide

Fe

Fe

O
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SEM examination of concrete samples
• Pyrrhotite + oxygen + water → goethite + sulfuric acid

• Sulfuric acid + portlandite (cement) → gypsum

Gypsum S

Ca

O

SEM examination of concrete samples
• Pyrrhotite + oxygen + water → goethite + sulfuric acid
• Sulfuric acid + portlandite → gypsum
• C3A (cement) + gypsum ‟sulfates” + water  →  ettringite

Ettringite

S

Ca

O Al
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SEM examination of concrete samples
• Pyrrhotite + oxygen + water → goethite + sulfuric acid
• Sulfuric acid + portlandite → gypsum
• ‟Sulfates” + carbonates + ‟CSH” + water  →  thaumasite

Thaumasite

S

Ca

O
Si

C

SEM Examination of Concrete Samples
Ettringite / Thaumasite

Ett

Th

Ett/Th
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Global evaluation program of concrete
aggregate

Chemical approach

Total sulfur content

Chemical approach (Stotal)

Rapid detection of the presence of iron sulfide minerals

? - Use to estimate the sulfide content (based on mineral 
stoichiometry)
▪ pyrite (FeS2) contains 53.45% S
▪ pyrrhotite (Fe1-xS) contains 37.67% S

▪ Assumptions
- sulfide minerals?
- stoichiometry?
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Method
- infrared absorption method
- carbon/sulfur analyser

- sample combustion in an
induction furnace

- measurement  of SO2 in the flue gas

Sub-sample
- 0.3 to 1g (important - representative of the
initial sample

Chemical approach (Stotal)

Chemical approach (Stotal)

Sample preparation method

Chemical
analysis

4 kg Splitting  2 x 2 kg
Crushing < 5 mm

Splitting to obtain 500g

Splitting

Pulverising  < 300 µm

Splitting to obtain 50 g

Pulverising  < 80 µm
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Results - interlaboratory variability

Chemical approach (Stotal)

Sample
Lab 1

S (%)

Lab 2

S (%)

Lab 3

S (%)
Mean SD

Coef. de 

variation (%)

GC24 0,008 0,01 <0.02 0,009 0,001 14,9

GC44 0,024 0,016 <0.02 0,020 0,005 27,1

GC50 0,003 0,002 <0.02 0,002 0,000 17,7

GC55 0,004 0,005 <0.02 0,004 0,000 8,1

GC30 0,045 0,043 0,04 0,043 0,002 5,8

GC46 0,048 0,038 0,04 0,042 0,005 12

GC61 0,058 0,052 0,05 0,053 0,004 7,8

GC31 0,450 0,490 0,540 0,490 0,045 9,1

GC27 0,102 0,088 0,1 0,097 0,007 7,7

GC39 0,105 0,091 0,1 0,099 0,007 7,2

GC34 0,151 0,16 0,16 0,157 0,005 3,4

GC16 0,253 0,23 0,26 0,248 0,016 6,3

GC19 0,228 0,24 0,26 0,243 0,016 6,6

GC38 0,311 0,29 0,3 0,300 0,01 3,4

GC36 0,336 0,33 0,34 0,335 0,005 1,5

GC22 0,351 0,37 0,4 0,374 0,025 6,6

GC5 0,377 0,4 0,44 0,406 0,032 7,8

GC14 0,447 0,49 0,54 0,492 0,046 9,4

Conclusions
In both cases:

- Pyrrhotite – main oxidized sulfide mineral
- Presence of pyrite
- Concrete elements show:

- Map cracking
- Deformation
- Rust
- Ettringite / Thaumasite (gypsum)
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Unresolved Important Issues

- Role of biotite (mica) – Humidity?
- Galvanic interaction between sulfide minerals
- Presence of a siderite rim (TR)

on the formation of thaumasite?
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Mineralogical properties of pyrrhotite, pyrite 
and associated weathering products 

Per Hagelia 
Tunnel and Concrete Division, Norwegian Public Roads Administration, Oslo 

per.hagelia@vegvesen.no 

Worldwide experience shows that iron-sulfides in concrete aggregates may lead to internal sulfate 
attack. In Norway, the problem of pyrrhotite has been revisited due to challenges regarding use 
of rock mass for concrete aggregate at the new Follobanen railway. The Norwegian limit value 
for S-total is 0.1 wt. % when pyrrhotite is present. There is no requirement for further detailed 
petrographic documentation. This contribution aims at shedding some light on the complexity of 
sulfide minerals and weathering products as a background for further research.  

In Norway, the Alum Shale Committee (1947-1973) discovered that a small amount of 
poorly crystalline monoclinic pyrrhotite (> 0.01 %) caused catalytic oxidation of more abundant 
pyrite (ca 6-7 modal %) in an electro-chemical process. Severe and fast concrete degradation was 
due to ettringite attack (later proven to be thaumasite sulfate attack in combination with leaching 
and internal carbonation) and sulfuric acid. The committee concluded that acidification was 
related to formation of weathering minerals, such as ferrous sulfate hydrates. In general, sulfide 
reactivity in concrete aggregates is greatly dependent on: 

 the specific surface area and reactivity of each sulfide mineral

 grain sizes and morphologies

 the number and amount of sulfides present

 the degree of weathering and presence of acid-producing soluble sulfates

 the degree to which alkaline pore water in the cement paste matrix can access reactive
sulfides in aggregate particles, and hence:
- the aggregate’s resistance to microcracking
- the presence of soluble minerals, such as microcrystalline quartz

Sulfides in black shales are very fine-grained and more reactive than their coarser grained 
counter parts. Research during the last two decades has established that pyrrhotite (notably Fe-
deficient monoclinic species) represent anodes, whilst the reactive site in the pyrite crystal lattice 
is a cathode. Hence, electrochemical oxidation is intuitively also governed by pyrrhotite and 
pyrite connectivity.  However, other textural properties are also important. The weathering 
products melanterite, rozenite, schwerdtmannite, copiapite and some non-stoichiometric forms 
of jarosite represent acid producing soluble sulfates. They sometimes form fine networks, which 
is not easily detected by ordinary thin section studies, and can easily be mistakenly identified as 
iron hydroxides (rust). 

Research on acid rock drainage (ARD) represents a good source for further 
investigations. Results from Norwegian Public Roads Administration show that the relationship 
between acid producing capacity, sulfide contents and total S is not very clear. Moreover, certain 
weathering minerals have caused much lower pH-values than some pyrrhotites. Generally, several 
forms of pyrrhotite: hexagonal, monoclinic, orthorhombic and sub groups, must be considered. 
ARD research is presently taking advantage of textural classification as well as the acid producing 
and neutralisation (buffer) capacities. Although iron sulfide oxidation is mostly due to oxygen and 
ferric iron, nitrate and chlorine are also oxidisers.  
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Iron sulfide oxidation in presence of high-pH water show that precipitation of ferric iron 
oxide and iron-hydroxide on sulfide surfaces commonly lead to blocking for further oxidation. 
This mechanism may be important in presence of high oxygen levels, but might perhaps not be 
very relevant for the situation within concrete. There is a need for further look into the reaction 
mechanisms in connection with internal sulfate attack.  

It is suggested that research aiming at establishing safer limiting values for sulfide 
contents for concrete aggregates involves: a) extensive petrographic work on a variety of relevant 
rock types (texture, mineralogy XRD, chemistry by SEM or EMPA, etc.), b) accelerated concrete 
testing under variable conditions, c) evaluation of the structural effects and d) detailed 
documentation of secondary minerals formed, both within aggregates and cement paste. 
Economic and environmentally friendly use of local aggregate may not be achieved unless a 
future test method includes a minimum of “strategic” petrographic information, and likely more 
than one single total S limiting value.   
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Impact of  sulfide minerals (pyrrhotite) in Concrete Aggregate on Concrete Behaviour 

Workshop 15th – 16th November – Oslo 2018

Introduction

� Modern concretes are designed for service-life of  100 years

� Challenges regarding use of sulfide-bearing aggregates, and especially the use of

limiting values.

� The Norwegian limit values:

- S-total = 1% in absence of  pyrrhotite

- S-total = 0.1 % if pyrrhotite is present

� Other countries use somewhat different limit values and approaches, likely due

to «local» experience with «local» aggregates

Norwegian Public Roads
Administration

Objectives: 

� Some fundamental properties of  sulfide minerals & their weathering
products

� The role of  sulfides and secondary sulfates in internal sulfate attack
� Bach ground for further research into the complexity of  aggregate

classification/potential for sulfate attack
� However, not exhaustive!

Impact of  sulfide minerals (pyrrhotite) in Concrete Aggregate on Concrete Behaviour 
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Isochemical sulfate reactions are 

related to sulfate availability rather than amount

F. P. Glasser 1998
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� Sulfate attacks triggered by sulfides and sulfates in Norway (mainly external)

� The Norwegian Alum Shale Committee (ca 1947-1974) – an early fundamental

study on the role of  sulfides, weathering and severe concrete attack

� The variable reactivity of  sulfides (pyrrhotite and pyrite), high-lighted by

experience from acid rock drainage and other studies

� Potential role of  secondary soluble minerals formed at expense of  Fe-sulfides

(formed by weathering or hydrothermal activity)

� Significance of  geological variation: petrography/textures etc

� Aggregate – cement paste interactions: how well do we understand the

processes?

� Further research towards a safe classification of  aggregates

Norwegian Public Roads
Administration

The release mechanisms of  acid, sulfate and carbonate from sulfur bearing 
aggregates to the cement paste matrix are complex:

Test methods for concrete aggregate should be established on the basis of  
“Enlightened reductionism”
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Illustrated by examples from:

Norwegian experience with severe attack related to Alum Shale in mid 
(much correctly diagnosed as TSA-PCD)

Norwegian Public Roads
Administration

Alum Shale:

Carbon + Qz + Fsp + Chl + clay

+ calcite + minor monoclinic pyrrhotite: causing

catalytic oxidation of abundant pyrite

White ”ettringite” halos

Mush at more advanced stage

Internal sulfate attack
related to alum shale particles

(Portland cement with 11-12 wt % C3A)

� Internal swelling in shale when exposed to air (gypsum involved)

� Severe cement paste deterioration involving mush formation after a
few months or years (attributed to sulfate attack by ettringite)
� Acid attack on steel pipes, reinforcement & concrete

Non-oxidised ground water: pH = 5-6 (FeSO4(aq)) 

Oxidised water (Vadose): pH = <3-4 (Fe(OH)2 + H2SO4)

Impact of  sulfide minerals (pyrrhotite) in Concrete Aggregate on Concrete Behaviour 
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Tests performed by the Alum Shale Committee 
(1947-1973)

Norwegian Public Roads
Administration

Limestone filler

Ref. Nor PC

Silica fume

Samples exposed at the «Blindtarmen» test site for 20 years
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Modern sprayed concrete was attacked by thaumasite! 
Ettringite was unimportant (NPRA-BRE work)

• Should

Åkebergveien in 2000
Thaumasite has replaced 
C-S-H in SRPC and SF
based steel fibre reinforced
sprayed concrete.
13 years old.

Spalling along layer 
severely influenced by 
TSA and internal 
carbonation in the form of  
PCD: steel fibres 
completely destroyed

Thaumasite

Mush zone

Norwegian Public Roads
Administration

Intact cement paste (C-S-H)

Thaumasite (CaSiO2. CaSO4. CaCO3. 15H2O)

not ettringite (3CaO.Al2O3.CaSO4.31H2O)
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Norwegian Public Roads
Administration

Petrography of old test prisms confirmed TSA-
carbonation and acid attack (NPRA-BRE)  

Groundwater; 
pH = (2-3) 5-6; & 
sulfate, bicarbonate, 
carbonic acid

Stages 1 to 6 (outward)
- Reflect adoption to
ground water chemistry
- Increasing porosity
and decreasing pH.
- Reaction zones
moved inward as
material was lost

Thaumasite form of sulfate 
attack affected area (TF & TSA)

Material already lost

Outer ferric iron 
deposit with rust stain 
just inside

Popcorn calcite 
deposition (PCD)

Sound
Concrete
pH ≈ 13

Ordinary carbonation

Acid leachedPore fluid pH dropping

Impact of  sulfide minerals (pyrrhotite) in Concrete Aggregate on Concrete Behaviour 

Workshop 15th – 16th November – Oslo 2018

TSA-PCD in Alum shale environment

(Hagelia & Sibbick, 2009)

Norwegian Public Roads
Administration
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300 micron

Local TSA at direct expense of CSH;
NOT EFFICIENT. Typical of mixes with
pozzolana 

Full scale TSA most efficient at expense
of PCD (internal carbonation) and strongly 

depleted CSH! 
Fast degradation due to thaumasite is 

clearly linked to Ca-leaching!
Typical of mixes without pozzolana

Th

Only minor Th
This shows the importance of concrete
mix design (cement type, w/b, pozzolane
etc)
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Anhydrite/gypsum may also represent source of  sulfate

Norwegian Public Roads
Administration

Alum shale may contain primary anhydrite which hydrates to gypsum 
A case where ca 20 % sulfate was derived from iron sulfides
And ca 80 % sulfate derived from anhydrite (much soluble)

(Hagelia 2011)
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Old concrete lumps affected by acid rock drainage
Sulfate/acid sources: jarosite > po/py

� Rusty pyrrhotite-bearing

gneiss with much old

weathering FeOOH, jarosite;

(H3O
+, K+)Fe3 (SO4)2(OH)6

± pyrite (no carbonate!)

� Total Srock = 0.6-1.3 wt. %

� pHaq = 3.9– 4.9

� SO4
2-

aq = 50-200mg/L

� Alkalinity = 0 mmol/L

Norwegian Public Roads
Administration
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� Carbonated paste (1: light 

grey), with S = 0.02 wt.%

� Strongly Ca-depleted and 

carbonated paste with S = 

0.02 wt.% (2: dark grey)

� Paste dissolution due to 

sulfuric acid  (arrows)
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“Pyrrhotite” does not imply “one single property”

Norwegian Public Roads
Administration
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Fe1-xS,

where x varies between 0 to 0.125 

Potential reactivity increases with increasing x; 

reflecting decreasing disorder in the crystal lattice

 Orthorhombic

 Hexagonal

 Monoclinic

Monoclinic pyrrhotite in Oslo Alum Shale a very disordered 

FeS1.14 (many vacancies)

Pyrite(s) has more uniform properties
Pure FeS2 is least reactive

Substituted varieties with Ni, As, Cd etc are more reactive 

Pyrrhotite varieties (University of  Pretoria)

Norwegian Public Roads
Administration
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Secondary sulfates may also contribute

Norwegian Public Roads
Administration

These are highly soluble and may therefore have a great impact on concrete 
even in rather small amounts

NB! May be mistaken for iron red rust in thin section
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Schwerdtmannite FeII
16O16(SO4)2(OH)12 • nH2O

Electrochemical oxidation of  pyrrhotite & pyrite

� Ever since before first World War it has been established that two or more

sulfides in contact oxidise faster than separate sulfides (Gottschalk & Buehler

1912)

� The Alum Shale Committee (Bastiansen et al. 1957) tested FeS1.14 and FeS2

using several electrolytes*:

 Strong galvanic interaction and fast weathering

 Pyrite represented the positive pole with both acidic and alkaline (NaOH) electrolytes

 Oxidation was fastest at high pH (comparable to cement paste)

� This is in keeping with modern research results, showing that:

 The rate limiting step in pyrite oxidation is related to the catodic reaction (Rimstidt &

Vaughan 2003)

 Pyrrhotite behaves anodically due to its non-stoichiometry (Natarjan et al. 1983, 

Bhatti 1993)

Norwegian Public Roads
Administration

*) Bastiansen et al. (1957), therefore, realized that a small amount of  higly
disordered monoclinic pyrrhotite (ca 0.5 %) caused catalytic oxidation of  

more abundant pyrite  
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Electrochemical oxidation of  pyrite & sphalerite (ZnS)

Norwegian Public Roads
Administration

Pure and mixed powders show different behavour
Sphalerite had some Fe. De-ionized water (Chopard et al. 2017)
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Reactions – pyrrhotite (po)

Norwegian Public Roads
Administration

Impact of  sulfide minerals (pyrrhotite) in Concrete Aggregate on Concrete Behaviour 

Workshop 15th – 16th November – Oslo 2018

Thaumasite can form from this or other carbonate – sulfate sources 

Po a lot more reactive than pyrite due to much higher specific surface area

(cf. MEND 1995). However, not straight forward.

Fe1-xS + 2H+ → (1-3x) Fe2+ + 2xFe3+ + H2S (non-oxidative consumes acid)

or by reaction with oxygen (oxidative);

2Fe1-xS + O2 + 4 H+ → (2-6x) Fe2+ + 4xFe3+ + 2S0 (protective layer) + 2H2O

Acidithiobacillus ferrooxidans and Acidithiobacillus thiooxidans can greatly facilitate pyrrhotite

oxidation by breaking the protecting layer (Bhatti et al. 1993; Schippers and Sand 1999;

Janzen et al. 2000):

S0 + 1.5 O2 + H2O → SO4
2- + 2H+ (bacterially assisted)

Then  oxidation and rust formation – more acid

Yet more possible reactions, including

Fe1-xS + (2-0.5x) O2 +xH2O → (1-x) Fe2+ + 2xH+ + xSO4
2- (x = 0: no acid)
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Reactions – pyrite and formation of  melanterite  

Norwegian Public Roads
Administration
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Oxidation of pyrite takes place where O2 is abundant, or by ferric iron, but also

NO3
- and Cl2 are oxidisers (cf. Appelo and Postma 2005):

FeS2 + 3.5 O2 + H2O → Fe2+ + 2SO4
2- + 2H+ (then to ferric Fe-compounds/rust)

FeS2 + 14Fe3+ + 8H2O → 15Fe2+ + 2SO4
2- + 16H+

(Fe3+ ions remain if pH <3,5-4: no Fe(OH)3)

FeS2 + 3.5 O2 + 8H2O → FeSO4
* 7H2O + 2H+ + SO4

2- (soluble melanterite)

FeSO4
* 7H2O + ¼ O2 → Fe(OH)3 + 2H+ + SO4

2- + 4.5H2O (ox. of melanterite)

(role of ferrous iron also stated by the Alum Shale Committee)

Rozenite behaves similarly

Copiapite may form: Dissolution  very high FeII & very low pH + sulfate

Norwegian Public Roads
Administration

ARD example (no buffer)
Abrasjons-pH. Prøver frå Kirkemyr, Lillesand

2,0

2,5

3,0

3,5

4,0

4,5

5,0

0 200 400 600 800 1 000 1 200 1 400 1 600

Tid i min

pH

Prøve 1

Prøve 2

Prøve 3
Prøve 4

pH i nedbør

pH i kjeldeområdet

Jarosite-FeOOH crust
no sulfide (Prøve 4)

Other samples with py and po
Reached pH = 4

Abrasjons-pH. Prøver frå Kirkemyr, Lillesand

2,0

2,5

3,0

3,5

4,0

4,5

5,0

0 200 400 600 800 1 000 1 200 1 400

Tid i minutter

pH

Prøve 2469

Prøve 2470
Prøve 2471
Prøve 2472

Prøve 2475
Prøve 2477
Prøve 2478

Prøve 2650
Prøve 2651

pH i nedbør

pH i kjeldeområdet

Selected field samples:

Sulfide separates:
(mortar crush of  125-250 micron):

� Fresh pyrrhotite: pH = 4.2
� Degraded pyrrhotite pH = 4-3.8
� Fresh pyrite from joints pH ca. 2.5
� Oxidised pyrite from joints, pH ca. 4
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10 wt. % pyrrhotite – yet no real acidification!

Norwegian Public Roads
Administration
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Hornfels
Very hard rock!

Tested: 0 to 10-20 mm 
fragments 

pH still remains at 6.2!
(after 5,5 years), 
but all fragments have
broken down to fines

% pyrrhotite from XRD (Rietveld refinement)

Examples of natural microstructures in sulfide-bearing rocks

Norwegian Public Roads
Administration

H-jarosite
(gives H2SO4)

FeOOH

Degraded
pyrrhotite
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Copiapite at expense of pyrite
(quickly gives H2SO4) 
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Reactivity of  sulfide-bearing natural rocks 
(not just pure pyrrhotite or pyrite) 

Norwegian Public Roads
Administration
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In general, sulfide reactivity in concrete aggregates is greatly

dependent on:

 the specific surface area and reactivity of each sulfide mineral

 grain sizes and morphologies

 the number, amount and type of sulfides present (connectivity etc)
 the degree of weathering and presence of acid-producing soluble

sulfates
 the degree to which alkaline pore water in the cement paste matrix can

access reactive sulfides in aggregate particles, and hence:

- the aggregate’s resistance to microcracking

- the presence of soluble minerals, such as microcrystalline quartz

Characterisation by petrographic and other techniques is mandatory for 
realistic understanding! 

Accessibility of  cement paste fluids for interaction 

with aggregate sulfides
� Microcracks in aggregates represent primary fluid conduits

� Los Angeles results seem relevant (lower range LA should be safer)

� w/b-ratio

� Solubility properties of  aggregate minerals: secondary conduits:

- microcrystalline quartz etc. dissolve at high pH: also feldspars, micas

- once sulfide oxidation (± sulfate acidifiers):  very low pH at micro-scale leading

to further dissolution of  common rock forming minerals

Norwegian Public Roads
Administration
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pH in fresh concrete

pH from sulfide-bearing rocks
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ARD classification by detailed petrography gives better prediction

Norwegian Public Roads
Administration
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Some recommendations for further research

Research aiming at establishing safer limiting

values for sulfide contents in concrete aggregates

should involve:

 extensive petrographic work on a variety of relevant

rock types (texture, mineralogy XRD, chemistry by

SEM or EMPA, etc.)

 accelerated concrete testing under variable

conditions (if T = 80 oC: what’s in it for us?,

primary ettringite dissolves!)

 evaluation of the structural effects on test concrete,

and

 detailed documentation of secondary minerals

formed in test concrete, both within aggregates and

cement paste.

Economic and environmentally friendly use of  local aggregate may not be 
achieved unless a future test method includes a minimum of  “strategic” 
petrographic information, and likely more than one single total S limiting 

value. 
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Iron sulphides: Formation and conditions for occurrence in 
bedrock 
Terje Bjerkgård, NGU 

Iron sulphides and their weathering products are the major minerals causing acid rock 
drainage. Other sulphides containing copper, zinc, lead, arsenic, cadmium, etc are rare, but 
may locally (i.e. in ore districts) be important. 

Pyrite is by far the most common sulphide and is a common accessory in felsic igneous
rocks and sedimentary rocks, especially carboniferous (organic-rich) sediments. It is 
abundant in hydrothermal mineralisations and deposits, and in various zones of wallrock 
alteration, related to hydrothermal activity. 

Pyrrhotite is the other common sulphide (albeit less common than pyrite), occurring in mafic
to ultramafic igneous rocks, in metasedimentary rocks (schists and paragneiss), in ore 
deposits (esp. Cu-Ni magmatic deposits) and in certain zones of wallrock alteration, related 
to hydrothermal activity. Pyrrhotite also forms from pyrite during metamorphism, excess 
sulphur reacting with iron released from Fe-Mg minerals. 

Schematic model of massive sulphide deposit (VMS), showing the main deposits of pyrite (Py) and 
pyrrhotite (Po) (Modified from Franklin et al. 2005). 

In massive sulphide deposits, pyrrhotite is mainly found in the unconformable feeder zone 
beneath the massive sulphide, whereas pyrite occurs in the massive deposit, in 
disseminations beside the deposit and in extensive zones and layers distal to the deposit.  

Marcasite is formed as a primary phase under low-T acidic conditions. It occurs in
sedimentary rocks (shales, limestone and low-grade coals) and in low-T hydrothermal veins. 
In black shale (e.g. alum shale) it often forms concretions. It forms secondary from pyrrhotite, 
pyrite or chalcopyrite. 

Mackinawite and Greigite are mainly products from sulphate-reducing bacteria and occur in
clay- and organic rich shales. The minerals transform to pyrite during diagenesis, often 
forming fine-grained aggregates known as framboids. 
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Pathways leading to the formation of 
pyrite and other iron sulphides in the 
sedimentary environment (modified 
from Berner, 1984) 

Pyrrhotite is generally much more susceptible to oxidation than pyrite, but especially 
sedimentary (framboidal) pyrite is readily attacked by oxidising solutions. Marcasite, 
mackinawite and greigite are rare, but may locally contribute to acid drainage. 

Acidity because of dissolution of sulphides attacks silicates (e.g. feldspar) leading to 
formation of sulphates like jarosite, which are sinks for metals like Cu, Zn, Pb, Cd. Under low 
pH conditions (<3.5), jarosite is unstable and the toxic metals are released. 

Lithologies which most likely are enriched in iron sulphides include felsic and mafic 
metavolcanics (i.e. quartz-feldspatic rocks/schists and amphibolites, respectively), shales 
(e.g. alum shale) and schists (esp. black schists) and gneisses of sedimentary origin. 

Berner, R.A., 1984: Sedimentary pyrite formation: An update. Geochimica et Cosmochimica Acta, vol. 48, p.605-
615. 

Franklin, J. M., Gibson, H. L., Jonasson, I. R., Galley, A. G., 2005. Volcanogenic Massive Sulfide Deposits. 
Economic Geology 100th anniversary Volume, p. 523-560. 
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Iron sulphides:
Formation and conditions for occurrence in bedrock

Terje Bjerkgård, NGU

Iron Sulphides:

Pyrrhotite – Fe1-xS (x: 0-0.125)

Pyrite – FeS2 (cubic)

Marcasite – FeS2 (orthorhombic)
Mackinawite – (Fe,Ni)1+xS (x: 0-0.1)
Greigite – Fe3S4

Other important sulphides:
Pentlandite – (Fe,Ni)9S8 (Fe:Ni ~1:1)
Chalcopyrite – CuFeS2

Sphalerite – (Zn,Fe)S

Galena – PbS
Arsenopyrite – FeAsS

1

2

88



Most common iron sulphide. 
Common accessory in felsic intrusive and extrusive rocks, less 
common in mafic to ultramafic rocks.

Pyrite FeS2:

Common accessory in sedimentary rocks, especially black 
(carbonaceous, organic-rich) sediments.

In iron-rich sediments where additional sulphur has reacted with 
iron-rich minerals (e.g. iron oxides).

Hydrothermal mineralisations and deposits, and various zones of 
wall rock alteration related to hydrothermal activity.

Regarded as the most stable iron sulphide, but ‘sedimentary
pyrite’ esp. framboidal, is very unstable to weathering.

Less common iron sulphide than pyrite. 
Common accessory in mafic to ultramafic rocks, often with some 
chalcopyrite. Pyrrhotite is less common in felsic rocks.

Pyrrhotite Fe1-xS (x: 0-0.125):

Common accessory in metamorphosed sedimentary rocks, 
especially black (carbonaceous) schists.

Hydrothermal mineralisations and deposits, and certain zones of 
wall rock alteration related to hydrothermal activity (pyrite more 
common).

Accessory in metamorphic rocks/schists, in which sulphur has been 
released or introduced and reacted with iron-bearing minerals.

Generally more unstable to weathering than pyrite.

3
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Most common polytypes (stoichiometry approximate): 
Fe7S8 – 4C (monoclinic) - magnetic
Fe9S10 – 5C (monoclinic)
Fe10S11 – 11C (orthorhombic)
Fe11S12 – 11H (hexagonal) - nonmagnetic

Pyrrhotite Fe1-xS (x: 0-0.125):

Monoclinic polytypes are stable at lower temperatures.

Hexagonal varieties more prone to weathering than monoclinic (?)

Very often intergrowth 
of the monoclinic and 
hexagonal polytypes

Marcasite is formed as a primary mineral under low-temperature 
highly acidic conditions (generally pH<5). 
It occurs in sedimentary rocks (shales, limestones and low grade 
coals) as well as in low temperature hydrothermal veins.
In black shale (e.g. alum shale) often forms concretions with 
radiating structures. 

It forms secondary from pyrrhotite, 
pyrite or even chalcopyrite.

Marcasite FeS2:

Marcasite is much less stable in
humid conditions than pyrite.

5
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Formed by sulphate-reducing bacteria. (SO4
2- → H2S).

It occurs in clay- and organic-rich shales. “Zwischen-product” which
transforms to greigite and pyrite in sedimentary environments.

Mackinawite (Fe,Ni)1+xS (x: 0-0.1):

Unstable phase.

Occurs in serpentinites 
(altered ultramafic rocks)
and in certain sulphide
deposits (with Cu, Ni). 

Sulphide-analogue to magnetite (same structure).
Formed by sulphate-reducing bacteria. (SO4

2- → H2S).
Sulphide reacts with detrital iron-bearing minerals, forming 
framboids. By diagenesis changes into pyrite.

It occurs in clay- and organic-rich shales. Rare in low temperature 
hydrothermal veins.

Greigite Fe3S4 :

Unstable phase, more common 
than anticipated?

7

8
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Formation of mackinawite, greigite and pyrite
in sedimentary environments:

Mackinawite and greigite, amorphous or as framboids, 
transform into pyrite. 

Diagrams for 400 oC, 4.0 Kbar

Pyrrhotite and pyrite stabilities:

Pyrrhotite more stable in reducing conditions and 
with lower activities of sulphur. 

Pyrrhotite more stable with increasing T and P.

9
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Pyrite forming pyrrhotite during metamorphism:

FeS2 + H2O → FeS + H2S + 0.5O2

During release of metamorphic water (above 450 oC):

In carbonaceous schists  (250-300 oC):
2FeS2 + 2H2O + C → 2FeS + 2H2S + CO2

Excess sulphur reacts with available iron:
FeS2 + Fe2+ + H2O + 0.5C → 2FeS + 2H+ + 0.5CO2

Iron comes from iron-rich minerals, e.g. iron-oxides, 
biotite, pyroxene, amphibole, chlorite, etc.

Relative susceptibility to oxidation:

Since pyrite and pyrrhotite are much more abundant than any 
other sulphides, they are the main cause of acid rock 
drainage, except in mining areas.

Pyrrhotite > Sphalerite/Galena > Pyrite/Arsenopyrite > 
Chalcopyrite > Magnetite

11
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Dissolution of iron sulphides:

4FeS2 + 15O2 + 14H2O → 4Fe(OH)3
- + 16H+ + 8SO4

2-

Pyrite breakdown reaction (general):

Pyrrhotite breakdown reaction:
FeS + O2 + 5H2O → Fe(OH)3

- + 10H+ + SO4
2-

includes:
4Fe+ + O2 + 4H+ → 4Fe3++ 2H2O (ferrous to ferric iron)

FeS2 + 14Fe3+ + 8H2O → 15Fe2+ + 16H+ + 2SO4
2- (ferric iron oxidises pyrite)

Acidity will attack other phases, 
including 
Cu, Zn, Pb, As and Ni-bearing sulphides.

Sulphate may react with Ca if available, forming gypsum

Iron sulphides to sulphates:

Oxidised sulfides forming 
goethite and jarosite

Decomposition of silicates, e.g. feldspar under the acidic 
conditions result in formation of jarosite minerals:
(K,Na,H3O)Fe3(SO4)2(OH)6

K-, Na-jarosite is generally 
quite stable at pH>3.5, 
H3O-jarosite more unstable

Jarosites are sinks for 
metals like Cu, Zn, Pb, Cd, 
which may later be released 
under dissolution.

13
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Iron sulphides related to VMS deposits

SD = Disseminated sulfide
MS = Massive sulfides
DA = Distal products
BC = Breccia, talus deposits
FW = Footwall alteration zone

Po

Py

Py

Py

Pyrite most common in massive sulphide, distal 
products, breccias and outer alteration halo.

Pyrrhotite abundant in the central
footwall alteration zone and lower part 
of massive sulphide.

Iron sulphides related to VMS deposits

Pyrite-rich schists east
of Mo i Rana.

10s of km in length and
10s of meter in thickness

15
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Iron sulphides related to VMS deposits

Pyrrhotite-rich schists «fahlbands»
Overberget, Kongsberg.

Iron sulphides in sedimentary sequences/units

Alum shale – pyrite and marcasite-bearing

17

18
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Iron sulphides in sedimentary sequences/units

Alum shale

Pyritiferous schists in the parautochthonous below the Caledonian Nappes

Iron sulphides in black schists

py/po

Pyrite/pyrrhotite-bearing black schists in the Caledonian Nappes in Hedmark and Trøndelag.
(py/po)

19
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Iron sulphides in black schists

py/po

Pyrite/pyrrhotite-bearing black
schists and felsic volcanics in the
Caledonian Nappes in Hattfjelldal, 
Nordland

Iron sulphides and sulphates in gneissic units (paragneisses)

Rusty (pyrrhotite/jarosite) gneisses in the Lillesand district.

21
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Summary

Sulphide-bearing lithologies include:
▪ Felsic and mafic metavolcanics and intrusives

▪ Low-grade sediments (shales, esp. carbonaceous)

▪ Metasediments – esp. black schists

▪ Gneisses of sedimentary origin (paragneiss): py → po

▪ Lithologies subjected or related to hydrothermal activity

Pyrrhotite is more unstable than pyrite, but is much less common, 
thus pyrite, esp. “sedimentary pyrite”, is also a major concern. 
Locally marcasite and greigite could be a problem. 

23
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Simultaneous iron sulphide oxidation and alkali silica reaction in a Swiss dam 

Andreas Leemann, Empa, Switzerland 

A 50 year old Swiss dam with a length of 290 m and a maximum height of 36 m is showing a 

steady expansion since 30 years. As 20-25 % of the Swiss dams are affected by alkali silica 

reaction (ASR), it was assumed at first that this is the cause for the observed behaviour. 

However, iron hydroxide formation and a “sulphurous smell” in the gallery of the dam 

suggest that iron sulphide oxidation is present as well and as such could lead to concrete 

expansion.  

Oxidation of iron sulphides in concrete aggregates has been reported in various studies. The 

kinetics of iron sulphide oxidation increases with increasing pH, if sufficient moisture and O2 

are available. Additionally, a faster reaction occurs with decreasing grain size. Generally, 

pyrrothite (Fe(1-X)S) reacts faster than pyrite (FeS2). In order to clarify the cause for expansion 

in the dam, a microstructural investigation was performed. 

After a coring campaign, samples were prepared for optical and scanning electron 

microscopy. Chemical analysis was performed by energy dispersive X-ray spectroscopy 

(EDS). 

The aggregates consist mainly of biotite schist (80 %) with a minor amount of muscovite 

schist (15%) and traces of granite (~ 2%) and dolomite (~ 2%). The average iron sulphide 

content in the aggregates is 0.3-0.4 volume-%. 

Fully or partly oxidized iron sulphide particles are present in the aggregates. Moreover, 

oxidation products present in the cement paste clearly indicate that at least part of the 

oxidation in the aggregates occurred after concrete production. Some of the oxidized ores are 

connected with crack formation, others show no connection to concrete cracking. Pyrrhotite 

shows a higher degree of oxidation compared to pyrite. The presence of ettringite in the 

typical pockets of former tricalcium aluminate clinker particles usually occupied by 

monocarbonate/monosulfate indicates a reaction of the sulfur released by iron sulphide 

oxidation with the cement paste. 

However, the dominating degradation process in the concrete is ASR. There is extended 

cracking starting in aggregates containing ASR products. Most of the cracks in the aggregates 

are only partly filled with ASR products, whereas the cracks in the cement paste are usually 

filled with extruded products. The majority of iron hydroxides originating from iron sulphide 

oxidation that are present in the cement paste is bound into ASR products. 
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The microstructural analysis reveals that iron sulphide oxidation leading to crack formation 

occurs in the concrete. Additionally, the released sulfur leads to ettringite formation in the 

cement paste. But the main cause of crack formation and likely dam expansion is nevertheless 

ASR. 

Data of this case study have been published in [1]. Additional samples have been studied after 

the publication of the paper. 

[1] Schmidt T, Leemann A, Gallucci E, Scrivener K. Physical and microstructural aspects of iron

sulfide degradation in concrete. Cement and Concrete Research. 2011 Mar 1;41(3):263-9.
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Andreas Leemann

Simultaneous iron sulphide oxidation 
and alkali silica reaction in a Swiss dam

11

Content
 Introduction
 Materials and methods
 Results

 Optical microscopy
 Scanning electron microscopy

 Summary

Original data published in Schmidt et al., CCR, 2011
Additional samples analysed after paper publication

Andreas Leemann

Simultaneous iron sulphide oxidation 
and alkali silica reaction in a Swiss dam

22

Introduction
 Gravity dam (length: 290 m, maximum height: 36 m
 Continuous expansion starting in mid eighties

N S
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Andreas Leemann

Simultaneous iron sulphide oxidation 
and alkali silica reaction in a Swiss dam

33

Introduction
 Displacement at top (upstream): 20 mm
 Displacement at level of gallery: 5 mm
 ASR? (20-25% of Swiss dams affected)
 But:

 sulfurous smell in gallery
 iron hydroxides in drainage channels of gallery
 possible iron sulfide oxidation

Pyrrhotite (troilite): 2FeS + 2H2O + 4.5O2 ➔ Fe2O3 + 2H2SO4

Pyrite/marcasite: 2FeS2 + 4H2O + 7.5O2 ➔ Fe2O3 + 4H2SO4

Andreas Leemann

Simultaneous iron sulphide oxidation 
and alkali silica reaction in a Swiss dam

44

Thermodynamics
 FeS increasingly destabilised to goethite as pH increases (in absence of

O2)

B. Lothenbach
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Andreas Leemann

Simultaneous iron sulphide oxidation 
and alkali silica reaction in a Swiss dam
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Introduction
 FeS2 increasingly destabilised to goethite as pH increases (in absence

of O2)

B. Lothenbach

Andreas Leemann

Simultaneous iron sulphide oxidation 
and alkali silica reaction in a Swiss dam

66

Materials
 Various cores (Ø 100 mm) of dam (produced with CEM I)
 Prisms (7 x 7 x 28 cm3, 350 kg/m3 CEM I, w/z 0.50)

Methods
 Lab samples: storage in water at 60°C for five years
 Optical microscopy
 Scanning electron microscopy with energy-dispersive X-ray

spectroscopy
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Andreas Leemann

Simultaneous iron sulphide oxidation 
and alkali silica reaction in a Swiss dam

77

Aggregates
 biotite schist (80 %)
 muscovite schist (15%)
 granite (~ 2%)
 dolomite (~ 2%)

 total iron sulphide content: 0.3-0.4 volume-%

Andreas Leemann

Simultaneous iron sulphide oxidation 
and alkali silica reaction in a Swiss dam

88

aggregate cement paste

cracks filled with iron hydroxides
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Andreas Leemann

Simultaneous iron sulphide oxidation 
and alkali silica reaction in a Swiss dam

99

Iron sulfide oxidation
 Iron hydroxides do not extent into cement paste
 Oxidation before or after conrete production?

aggregate cement paste

Andreas Leemann

Simultaneous iron sulphide oxidation 
and alkali silica reaction in a Swiss dam
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crack
ASR products

ASR
 Pronounced cracking and ASR product formation

aggregatecement paste
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Andreas Leemann

Simultaneous iron sulphide oxidation 
and alkali silica reaction in a Swiss dam
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ASR products
aggregate

cement paste

Andreas Leemann

Simultaneous iron sulphide oxidation 
and alkali silica reaction in a Swiss dam
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ASR products

ASR
 Presence of iron hydroxides in ASR products
 Iron hydroxides seem to be relatively mobile

aggregate

air void
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Andreas Leemann

Simultaneous iron sulphide oxidation 
and alkali silica reaction in a Swiss dam

1313

Oxidating iron sulfides

 Pyrite/marcasite (FeS2) mostly with little oxidation products
 Oxidation still possible

Andreas Leemann

Simultaneous iron sulphide oxidation 
and alkali silica reaction in a Swiss dam
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Oxidating iron sulfides

 Pyrrhotite (Fe(1-x)S often with oxidation products
 Less stable than pyrite
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Andreas Leemann

Simultaneous iron sulphide oxidation 
and alkali silica reaction in a Swiss dam

1515

Oxidating iron sulfides
 Substantial (theoretical) volume increase due to oxidation

 Degree of iron sulfide oxidation about 60% in dam concrete
 Degree of iron sulfide oxidation lower in lab samples

Andreas Leemann

Simultaneous iron sulphide oxidation 
and alkali silica reaction in a Swiss dam

1616

Oxidating iron sulfides

 Sulfur release by iron sulfide oxidation: AFm → ettringite
 Maximum possible SO3 release of 1.6 mass-% (in relation to cement)
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Andreas Leemann

Simultaneous iron sulphide oxidation 
and alkali silica reaction in a Swiss dam
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ASR

 ASR is substantial

Andreas Leemann

Simultaneous iron sulphide oxidation 
and alkali silica reaction in a Swiss dam

1818

Summary
 Dam concrete exhibits iron sulfide oxidation and ASR
 Iron sulfide oxidation

 Pyrrhotite less stable than pyrite
 Cracking of aggregates possible
 Iron sulfide concentration in aggregates is low (0.3-0.4 vol-%) and average

degree of oxidation is about 60% (30-40% in lab samples)
 Released sulfur reacts with AFm phases and forms ettringite (with higher

amount of oxydated iron sulfides acid attack and thaumasite formation likely
possible)

 No distinction about time of oxidation possible (before or after concrete
production)

 Sufficient supply of oxygen seems to be given
 Extended concrete cracking due to ASR
 Dam expansion mainly attributable to ASR

110



C:\00 P R O J E K T E\50P10873 Sulphide minerals in concrete aggregate\08_Berichte\Abstract AAR GBT WEISS.docx / WR /  

Workshop pyrrhotite November 2018, Oslo 
Roland Weiss 

page 1 of 1 

Suddenly the aggregates for concrete are a risk for the durability of the structure - experiences 

from the material management project for the Gottard Basetunnel using AAR as an example 

Alkali aggregate reaction (AAR) is not pyrrhotite in concrete. The Gotthard Base Tunnel (GBT) is not 
the Follo Line Project. But there are similarities. 

At GBT, the unexpected AAR issue questioned the concept of materials management and with it the 
whole project.  

The GBT started operation in 2016 as a 52 km long railway tunnel. Project planning and construction 
essentially took place between 1994 and 2016. Beforehand, however, work has started in 1971 with 
the contract with the Swiss Federal Railways (SBB) and in 1991 with the decision of the Federal As-
sembly on the project. 

The AAR is primarily a chemical reaction between reactive aggregate particles and free alkalis in the 
pore water in concrete. The reaction product is an expansive gel which leads to cracks and in the 
worst case to the destruction of the concrete. The affected structures are usually between 20 and 40 
years old. 

AAR was not an issue generally discussed in Switzerland before 1996. At the beginning of the GBT 
project it was planned to eliminate reactive aggregates. During the project planning it was found that 
this would not be possible without violating relevant aspects of the approval procedure of the pro-
ject. Based on various test campaigns on rock material from the area of the GBT, inspections in vari-
ous existing underground structures, investigations and a risk analysis, an AAR action plan was devel-
oped under the lead of Alp Transit Gotthard Ltd (constructor of the Gotthard axis of the New Rail Link 
through the Alps) from 2000 to 2003. This AAR action plan had to take into account the existing ma-
terial management plan and the already existing concrete testing system. The AAR action plan was 
composed of the following items: 

- Regular monitoring of the potential reactivity of the raw material and the aggregates pro-
cessed from it. Rejection of the highly reactive raw material from processing.

- Determination of the AAR requirements for specific building components.
- Verification of the AAR resistance of the concrete formulation primarily by analysis of the

material and secondarily through performance tests.
- Constructive measures to protect the concrete from water contact.

In the presentation, the temporal development of the topic and the increase in uncertainties as well 
as the procedure and aspects of the AAR action plan are shown. 

The following points are passed on as hints and recommendations from the project: 

- Clarity about the objective (work project-oriented or generally valid as a basis for a standard)
- Exchange between the parties involved
- Project-related risk management
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Suddenly the aggregates for concrete
are a risk for the durability of the
structure – experiences form material 
management project for the Gotthard 
Base Tunnel (GBT) using AAR as
example
Roland WEISS
Hagerbach Testing Gallery Ltd.
Flums, Switzerland
Novembre 15th, 2018

Topics

• Short Introduction
• AAR action plan
• recommendations

2
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Introduction

Gotthard Base Tunnel (GBT)

Reactive
Aggregates

Alkalis

Water

Alcali aggregate Reaction (AAR)

Timeline GBT

19
71

20
16

G
B

T 
in

 o
pe

ra
tio

n

O
rd

er
 fo

rc
on

st
ru

ct
io

n
pr

oj
ec

t
19

75
C

on
st

ru
ct

io
n

pr
oj

ec
t

19
91

D
ec

is
io

n
on

 c
on

st
ru

ct
io

n
an

d
fin

an
ci

ng

20
01

C
on

tr
ac

ts
 m

ai
n 

co
ns

tr
uc

tio
n 

w
or

k

19
94

C
on

tr
ac

ts
pl

an
ni

ng

20
02

St
ar

t m
ai

n 
co

ns
tr

uc
tio

n 
w

or
k

113



Timeline AAR
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AAR action plan for the GBT

• Overview of previous literature studies (standards, tests)
• Applicable for the project GBT?
• Open questions risks for the project GBT?

Literature studies

Inspections of
existing
underground
structures

Test campaigns
on rock material 
from GBT and 
investigations

Risk analysis
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Test campaigns on rock material from GBT and 
investigations
• Examination of rock material/aggregates from GBT
• Testing of concrete mixtures GBT
• AAR investigations of sprayed concrete
• Monitoring concrete first building objects of GBT

Investigation of existing underground structures

• Investigation of 12 underground structures (road / railway
tunnels, tunnels for hydropower plants, underground military
complex). All over 1 km long and over 20 years old

• Additional drill core sampling and
laboratory tests on 5 selected objects

• The investigations showed that aar
occurred in all objects, but in the
underground structures no relevant
damage was caused.
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Risk analysis

Separately considered building components:
• Shotcrete first lining (temporary protection)
• Shotcrete for permanent protection
• Arch concrete
• Bottom concrete

View of place and
time (construction/operation)

AAR action plan for the GBT

• Regular monitoring of the potential reactivity of the raw material
and the aggregates processed from it. Rejection of the highly
reactive raw material from processing.

• Determination of the AAR requirements for specific building
components.

• Verification of the AAR resistance of the concrete formulation
primarily by analysis of the material and secondarily through
performance tests.

• Constructive measures to protect the concrete from water
contact.

• Accepted risks

116



Timeline AAR
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AAR action plan 
for GBT implented

Conclusion and recommendations

• Clarity about the objective (work project-oriented or generally
valid as a basis for a standard)

• Exchange between the parties involved
• Project-related risk management
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DRAFT: ABSTRACT/SYNOPSIS 

Managing the ‘Mundic’ Problem in South-West England 

Ian Sims (RSK) & Philip Santo (RICS) 

The so-called ‘Mundic’ problem relates largely to aggregates derived from mining and processing 
wastes associated with historic tin and related mining in South-West England (mainly the County of 
Cornwall). This short presentation will start with a brief description of the background, whereby 
sulphide-rich waste materials were widely used as aggregates in a ‘cottage industry’ of low-grade 
concrete block making, with the blocks being used for building during the first half of the 20th 
Century. Gradually, especially as the protective effect of the traditional render finish diminished or 
was breached, many of these blocks disintegrated, causing structural distress, occasional collapse 
and resultant concern amongst mortgage lenders. It will be explained that this disintegration was 
caused by a complex variety of decay mechanisms associated with the variable range of sulphide 
minerals (‘mundic’ is broadly the Cornish word for pyrite) present within these waste products. 

A great deal of more conventional and unaffected concrete was available in the region, but the 
Council of Mortgage Lenders decided to stop lending on any potentially affected properties until 
Surveyors could distinguish between the ‘mundic’ and less problematic concrete varieties. 
Accordingly, the RICS established a working group that devised a scheme for distinguishing mundic 
concrete from more conventional concrete and indeed for classifying the various forms of mundic 
concrete. The resulting guidance was published by RICS in 1994, with substantive updates in 1997 
and most recently in 2015. It will be shown that the scheme is based upon sampling of the 
concrete(s) by Surveyors, then petrographic examinations (and sometimes chemical analyses) by a 
specialist laboratory, leading to classification of the concrete in question. In 2002 (revised in 2005) a 
test method was also devised for direct determination of the soundness of concrete varieties that 
could not be reliably assessed on the basis of composition and condition alone. 

This pragmatic and gradually evolving RICS scheme, based on practical concrete petrography, has 
now been successfully operated in Cornwall (and proximal parts of neighbouring Devon) for more 
than 20 years. The short presentation will conclude with thoughts on how this experience might 
assist with other worldwide occurrences of potentially deleterious sulphide constituents within 
aggregates used, or being considered for use, within concrete.  

362 words 

IS/23 October 2018 
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Oslo, Norway – 15 & 16 November, 2018

Mr Philip Santo & Dr Ian Sims 

Workshop: Impact of Sulphide Minerals 
(Pyrrhotite) in Concrete Aggregate on 
Concrete Behaviour

Copyright of RSK 11 January 2019 2

Managing the ‘Mundic’ Problem in 
South-West England

Philip Santo FRICS

Director, Philip Santo & Co

Representing RICS (Royal Institution of Chartered Surveyors)
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Background

Google Streetview
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Copyright of RSK 11 January 2019 9

Managing the ‘Mundic’ Problem in 
South-West England

Dr Ian Sims

RSK Environment Limited, UK

www.rsk.co.uk

Copyright of RSK

Concrete Surface Rust Staining 
from Pyrite

11 January 2019 10
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Copyright of RSK

Typical Examples of Mundic 
Cracking

11 January 2019 12

Typical examples of ‘mundic’ cracking evident on the rendered exterior of 
dwellings and building in Cornwall
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Typical Examples of Mundic 
Cracking

11 January 2019 13

Copyright of RSK

Geological Source of the Sulfides

11 January 2019 14

Diagrams showing 
typical lodes of tin-
arsenic-copper and 
lead and locations of 
pyrite and other 
sulphides

Courtesy of the late 
Dr Alan Bromley
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Gypsum-induced expansion of 
mudstone

11 January 2019 15

Scanning electron microscope image (secondary electron image), showing 
spalling and expansion of a small mudstone aggregate fragment following growth 
of secondary gypsum in lenses along cleavage planes. Concrete block from a 
house in Liskeard, East Cornwall, UK. Image courtesy of Alan Bromley.

Copyright of RSK

Representative Sampling by 
Surveyor

Third

Edition

Diagram:

Typical

Sampling

Locations
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The new classifications 
(Guidance 3rd edn)

Copyright of RSK

How many properties affected?

Source: Petrolab, 2009
(12,000 case analysis)

Estimated 30,000 properties tested to 
date
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How many properties affected?

Source: Petrolab, 2009
(12,000 case analysis)

Copyright of RSK

Low- & High-power Microscopy

11 January 2019 20
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Low- & High-power Microscopy

11 January 2019 21

Copyright of RSK

Classification Flow Chart

11 January 2019 22
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Concrete Examination - Stage 1

• Visual & low-power microscopy

• Coarse & fine aggregates – petrography

• Evidence of any sulfide minerals – type(s) & reactions

• Cementitious matrix

• Distribution, compaction & voidage

• Assessment of concrete condition

11 January 2019 23

Copyright of RSK

Concrete Examination – Stage 1 

11 January 2019 24
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Scheme for Assessing Concrete 
Condition

11 January 2019 25

Copyright of RSK

Classification Flow Chart

11 January 2019 26
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Concrete Examination – Stage 2 
(if needed)

• High-power thin-section microscopy

• Reflected light microscopy of polished surfaces

• Chemical analysis – total sulfur & sulfates

• Cement content analysis (mass concrete footings only)

• Coarse & fine aggregates

• Cementitious binder - its condition & voidage

• Sulfides, sulfates & any evidence of reaction

• Cracking of or around aggregates, and/or matrix & concrete

11 January 2019 27

Copyright of RSK

Concrete Examination – Stage 2

11 January 2019 28
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Chemical Analysis – Stage 2

• Group 1-3 aggregate (basic & metabasic igneous):
- 1.5% max pyrite equivalent by mass of concrete
- 0.5% max acid-soluble sulfate by mass of concrete

• Group 1-6 aggregate (mining and/or processing waste):
- 1.0% max pyrite equivalent by mass of concrete
- 0.5% max acid-soluble sulfate by mass of concrete

• Up to 30% Group 2 aggregate (sedimentary or meta-sedimentary)*:
- 1.0% max pyrite equivalent by mass of concrete
- 0.5% max acid-soluble sulfate by mass of concrete

• More than 30% Group 2 aggregate:
- no chemical criteria suggested (Stage 3 possible)

* otherwise appears in sound condition.

11 January 2019 29
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Classification Flow Chart

11 January 2019 30
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Stage 3 - Moisture Sensitivity Test

• Concrete containing >30% Type 2 aggregate, assigned to Class B,
but nevertheless visibly sound

• If recommended by both Surveyor & Petrographer

• Stage 3: unconstrained linear expansion of concrete cores,
exposed to water-saturated atmosphere at 38 degrees C

• Re-classify as Class A3, if expansion is <0.025% after at least 250 days
(following an initial 7-day conditioning period when the wetting expansion
is not >0.075%, and the core remains intact at the end of the test)

11 January 2019 31

Copyright of RSK

Stage 3 – Moisture Sensitivity Test

11 January 2019 32
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Classification Flow Chart –
After Stage 3

11 January 2019 33

Copyright of RSK

Proportions of Concrete Classes 
Found

11 January 2019 34

Statistical chart, showing frequency of Classes A, A/B
(now A2), B & C (based upon data for about 12000
samples over 15 years, courtesy of Petrolab Limited).
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Conclusions

• Pragmatic local management of troublesome concrete infrastructure

• Reliable differentiation of ‘mundic’ from other types of concrete

• Co-operation between Building Surveyors and Petrographers

• Representative sampling by Surveyors

• Examination and classification by Petrographers

• Concrete classes A1 & A2, or A3 after Stage 3, accepted as mortgageable

• Concrete classes B & C, considered unmortgageable

11 January 2019 35
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Impact of sulphide minerals (pyrrhotite) in 

concrete aggregate on concrete behaviour 

November 15-16, 2018, Oslo, Norway 

The development of accelerated test methods and the content of a new 

Canadian R&D project 

by  B. Fournier and J. Duchesne, Université Laval, Québec, Canada 

Abstract: 

Several cases of concrete deterioration involving sulphide-bearing aggregates have been 
reported over the years. However, limited guidelines are currently available for the 
quality control of aggregates containing iron sulphide minerals. Research carried out in 
Canada during the period 2010-2015 resulted in the development of an novel assessment 
protocol to evaluate the potential deleterious effects of iron-sulphide-bearing aggregates 
prior to their use in concrete. The protocol is divided into three major phases: 1) total 
sulphur content measurement; 2) oxygen consumption evaluation; and 3) an accelerated 
mortar bar expansion test. Tentative limits are proposed for each phase of the protocol, 
which still need to be validated through the testing of a wider range of aggregates.  

In order to ensure the safety of Canadians and minimize the economic impact of 
restrictions on aggregate sulphide content, NRC proposes to work with Université Laval 
to lead a new Canada wide research, development and technology transfer project to 
resolve the outstanding issues associated with sulphide attack on concrete.  This project 
aims to provide the following results : 1) Determination of acceptable limits for the 
content of different sulphides in Canadian concretes; 2) Rapid, inexpensive and reliable 
tests for detection of deleterious sulphide contents in Canadian concrete aggregates; 3) 
Development of preventive measures for the safe use of sulphide-bearing aggregates in 
concrete applications in order to mitigate the economic impact of sulphide content 
restrictions; 4) Development of the technical capacity to carry out tests developed for 
results 1-3 in locations across Canada; and 5) Adoption of appropriate revisions to CSA 
A23.1/.2, based on the results of the project. 

Keywords: Sulphide-bearing aggregate, accelerated testing, oxidation reaction, total sulphur content, 

mortar bar expansion test. 
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B. Fournier and J. Duchesne

Université Laval

Workshop on the Impact of sulphide minerals (pyrrhotite) in

concrete aggregate on concrete behaviour

November 15th -16th 2018, Oslo, Norway

The development of accelerated test methods and 

the content of a new Canadian R&D project

Northern Europe

Rapid (< 3-4 years) deterioration of concrete elements in 
the Trois-Rivières area (Quebec, Canada)

Background – Trois-Rivières area
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200 m

Research Project (2010-2014) - Funding structure

4

Partnership: University – Industry - Gouvernment

Collaborative Research and Development Grant (CRD)

Researchers
J. Duchesne, B. Fournier (U. Laval); P. Rivard (U.

Sherbrooke); M. Shehata (Ryerson U.); B. Durand (HQ)

Graduate

Students

I. Medfouni (USh), B. Maguire (RU), B. Guirguis (RU),

A. Rodrigues (UL), J. Francoeur (UL)

Research

Prof.
S. Tremblay (UL)

Post-Doc V. Ramos

139



In-situ testing and sampling 

(blocks and cores)

Outdoor exposure testing (blocks)

• In-situ monitoring

• Non-destructive testing

• Sampling (cores)

Inspection of local quarries

• Identification/ sampling of rock facies

Laboratory testing

• Damage of concrete

• Mechanical properties

• Petrography

• Non-destructive

• Residual expansion testing

Project overview

Visual inspection of 

concrete structures

• Characterization of the aggregates

(chemistry, mineralogy)

• Development of performance test

• Chemical

• Expansion (mortar, concrete)

• Validation with other rock types

• Effect of concrete mix characteristics

on expansion

Overall analysis and 

recommendations 

(standards)

Outdoor exposure testing

5 blocks per house foundation

• Non destructive testing (Sh. U,)

• Expansion (Nov. 2011-Aug. 2014)

• Monitoring of cracking

• Sampling of blocks

Francoeur (2016)
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7

Set A 
(rating 0) 

Francoeur (2016)

Set B 
(rating 2) 

8

Testing & sampling for laboratory investigations

• Relative humidity measurements

• Chemical composition (sulphur content in the aggregate)

• Damage assessment of the concrete (physical, mechanical,
microstructure)
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Two aggregate sources in Saint-Boniface

200 m

Development of new exposure site (IREQ-HQ)

• « Reactive aggregate » & various concrete mix designs

• Monitoring of cracking and expansion development

(Durand 2013)

2018

2011-12
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Laboratory testing program

1
1

ST determination
Mineralogy

O2 consumption

Expansion

8 sources +

Standardization process (2012-2018)

2014
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P.1 Introduction
• General

• Pyrrhotite→ Fe (1-x) S

• Pyrite → FeS2

P.2 Iron sulphides oxidation

process

P.3 Case studies of damaging

effects in concrete made 

with aggregates 

incorporating iron sulphides

P.4 Standards

P.5 Discussion

CSA A23.1-2014 - Annex P (Informative)
Impact of sulphides in concrete aggregates on concrete behaviour

13

P.1 Scope

P.2 Reference publications

P.3 Definitions

P.4 Significance and use

P.5 Introduction
• General

• Pyrrhotite→ Fe (1-x) S

• Pyrite → FeS2

P.6 Iron sulphides oxidation process

P.7 Case studies of damaging effects in concrete made with

aggregates incorporating iron sulphides

P.8 Standards

CSA A23.1-2019 - Annex P (Informative)
(conducive to final accceptance by CSA A23 committee members)

14
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P.9 Performance evaluation protocol (PEP)

for the determination of the deleterious 

oxidation potential of sulphide-bearing 

aggregates 

P.10 Chemical method (S from iron sulphides)

P.11 Oxygen consumption test

P.12 Accelerated mortar bar expansion test

P.13 Discussion, summary and interpretation

of PEP

P.14 Conclusion

Protocol

New test 

methods

CSA A23.1-2019 - Annex P (Informative)
(conducive to final accceptance by CSA A23 committee members)

15

Protocol for testing sulphide-bearing aggregates

Geological assessment of 

the aggregate source

Field performance survey

Chemical 

analysis Ss

O2 consumption

Mortar bar expansion
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A decision is made to investigate a source of concrete 
aggregate (re: potential oxydation of sulphide minerals) 

Geological assessment of the source (Clause P.7. 2)
Samples taken (CSA A23.2-1A) and physical 

durability tests conducted

Does the aggregate meet 
the physical requirements 

of CSA A23.1, Clause 
4.2.3.1 (except Clause 

4.2.3.5.1) ?

Consider further investigations, such as 
selective quarrying, beneficiation, other 

corective measures, or reject for use

Has this aggregate 
been used in 

portland cement 
concrete before ?

Accept as concrete 
aggregate

No

Yes
Yes

Yes

No or 
inadequate 

information

Is field 
performance 
satisfactory ? 

(see Clause P.9.3)

Yes

No or ? Will this aggregate be used in a 
concrete subjected to exposure 

conditions  conducive to the 
oxidation of sulphide minerals 

(Clause P9.3) ?

Yes or don’t 
know

Was the pyrrhotite content of 
the aggregate used in the 

structure < than that of the 
aggregate proposed for use in 

the new concrete construction ?

No

No

Yes

Laboratory investigations - Step 1

Chemical analysis – Stotal (ST)

Performance testing 
program – Step 1

Screening tests 

• Chemistry → Sulphur content

• Petrography → pyrrhotite

1
8
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Laboratory investigations - Step 1

Chemical analysis – Stotal (ST)
ST  > 1.00% ST  < 0.15%

Petrographic analysis
No pyrrhotite

Presence of 
pyrrhotite or 
don’t know

Reject as concrete 

aggregate

0.15% ≤ ST < 1.00%

Accept as concrete 
aggregate

Laboratory investigations - Step 2

Oxygen consumption test 

Sulphate sulphur 

determination

Sulphide sulphur 

< 0.15%

Yes

No

Protocol for testing sulphide-bearing aggregates

www.csagroup.org

Defense experts in TR case (as per April 2018)

20

• Numbering of all particles > 2 mm in size

• Estimate the % of sulphides (0, 0.1, 0.5, 1, 2, 3, 5, 10%…)

• Particles > 0.5%: proportion of Py, Po and Chalcopyrite

• Average % of the surface corresponding to ≠ iron sulphides in the
coarse aggregate

• Calculator (typical cement & aggregate contents, ST for cement &
sand…) → estimated ST in the coarse aggregate

• ST in coarse aggregate from cores
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www.csagroup.org

Defense experts in TR case (as per April 2018)

21

Petrographic determination of sulphide minerals on a polished concrete section - Calculator

Particle

no. gabbro granit. limestone others Po / Py / Cp

1 1 0 / /
2 1 0,1 / /
3 1 0 / /
4 1 3 100 / 0 / 0 none slight
5 1 2 90 / 5 / 5 slight fair
6 1 0 / /
7 1 0,1 / /
8 1 0 / /
9 1 15 75 / 20 / 5 none none

10 1 0 / /
11…

Nbr 38 0 0 2
% 95% 0% 0% 5%

Avg 1,26 78 / 19 / 3
40

Average % of the surface area corresponding to pyrrhotite 0,98
Average % of the surface area corresponding to pyrite 0,24

Average % of the surface area corresponding to chalcopyrite 0,03

Rock type

Total (%)

Ratio of sulphides (%) embedded in 

the particle

In contact 

with paste

Aggregate particles (total):

File no : 31112 Diameter (mm): 100 Note on the oxidation 

condition of Po grains Core no : C-3 Sample no : 1

www.csagroup.org

Defense experts in TR case (as per April 2018)

22

• ST in coarse aggregate for 10 damaged houses with
lowest pyrrhotite contents (0.20 to 0.30% in volume)
• 0.29 – 0.45%
• On an average: Po/Py/Cp: 52/42/6

• ST determination in coarse aggregate from cores
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www.csagroup.org

Experts en defense pour dossier TR 

23

% Po (vol) # damaged
buildings ST in CA

0 – 0.099 0 / 10 Max 0.14%

0.10 – 0.199 0 / 48 Max 0.29%

0.20 – 0.299 10 / 59 0.29% - 0.43

0.30 – 0.399 13 / 46 0.43% - 0.58

• Considering Po/Py/Cp: 52/42/6

• Proposal : use 0.15% for max ST in CA for chemical
analysis

Laboratory investigations - Step 1

Chemical analysis – Stotal (ST)
ST  > 1.00% ST  < 0.15%

Petrographic analysis
No pyrrhotite

Presence of 
pyrrhotite or 
don’t know

Reject as concrete 

aggregate

0.15% ≤ ST < 1.00%

Accept as concrete 
aggregate

Laboratory investigations - Step 2

Oxygen consumption test 

Sulphate sulphur 

determination

Sulphide sulphur 

< 0.15%

Yes

No

Protocol for testing sulphide-bearing aggregates
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Reject as concrete 

aggregate

Laboratory investigations - Step 2

Oxygen consumption test 
Consumed O2 < 4% 

Consumed O2 ≥  4%

Laboratory investigations - Step 3

Mortar bar expansion test

Is the aggregate 

susceptible to ASR ?

Is the expansion

≥ 0.10% between 90 days and 

180 days (i.e. during Phase 2)

Investigate effectiveness 

of preventive measures 

against ASR according 

to CSA A23.2-27A or 

CSA A23.2-28A.

Yes

No

Yes

No

Accept as 
concrete 

aggregate

Yes

Protocol for testing sulphide-bearing aggregates

O2 consumption Test

Fe1-xS + (2-x/2)O2 + xH2O → (1-x)Fe2+ + SO4
2- + 2x H+

• Column testing → O2 consumed

• From Elberling et al. (1994)
(acid rock drainage)

• Determination of sulphide
oxidation rates

(Rodrigues et al. 2016)
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O2 consumption

Sulphide-bearing aggregates Reference aggregates

Aggregates→
Parameters ↓

Sudbury SB SPH SW GGP PKA HPL Dol

Flux 
(mole/m2/yr)

2006 226 112 174 133 65 13 45

% O2

consumed
57,0 10,7 6,2 8,2 5,4 2,6 1,7 3,0

Stotal 13.86 0.87 0.32 0.07 0.25 0.04 0.02 0.12

• Materials at 40% saturation

• 10 cm materials (< 150 µm)

• 10 cm of free space

O2 consumption Test

(Rodrigues et al. 2016)
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Number of tests on companion aggregate samples

Moy. CVAggregates→
Parameters ↓

1 2 3 4 5 6 7

Flux 

(mole/m2/yr)
577 570 576 606 582 612 558 583 3.1

% O2

consumed
21,7 21,8 21,9 22,7 21,8 22,8 21,4 22.0 2.2

Stotal 0.99 1.05 1.07 1.15 1.09 1.13 1.11 1.10 4.6

O2 consumption - variability

• MSK material (< 150 µm)

• 40% saturation

• 10 cm materials

• 10 cm free space

(Rodrigues et al. 2016)

• Material at 40% saturation

• 10 cm of material (< 150 µm)

• 10 cm overhead

• O2 consumption (3 hours)

0,0

10,0

20,0

30,0

40,0

50,0

60,0

PHS GGP WS SBR MSK SDBR DLS PKA HPL

C
o

n
s.

 d
’o

x
y

g
è
n

e
(%

)

Granulats

test1

test 2

Granulats de 

contrôle

Rodrigues et al. (2016)

Oxygen consumption test
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Reject as concrete 

aggregate

Laboratory investigations - Step 2

Oxygen consumption test 
Consumed O2 < 4% 

Consumed O2 ≥  4%

Laboratory investigations - Step 3

Mortar bar expansion test

Is the aggregate 

susceptible to ASR ?

Is the expansion

≥ 0.15% between 90 days and 

180 days (i.e. during Phase 2)

Investigate effectiveness 

of preventive measures 

against ASR according 

to CSA A23.2-27A or 

CSA A23.2-28A.

Yes

No

Yes

No

Accept as 
concrete 

aggregate

Yes

Protocol for testing sulphide-bearing aggregates

3
2

Mortar bar expansion test

(Rodrigues et al. 2015)

Objectives

• Reproduce the expansion/
reaction process in concrete
incorporating the “reactive”
sulphide-bearing aggregates
under lab conditions.
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Mortar bar test (based on ASR)

Cement:  
440 g

Fine aggregate: 

1200 g

(- 5mm + 160µm)

E/C: 0.65

(Rodrigues et al. 2015)

Step 1: Oxydation of sulphides and internal sulfate attack

• 80oC, 80% R.H. + wetting in bleach (NaClO) 6% (2 x 3 hrs / week)

• Expansion and mass measurements (1x / week)

3
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Step 1

Mortar bar test (Rodrigues et al. 2015)

PKA

MSK

Bars above 
oversaturated solution 

of sodium chloride 
(NaCl)
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Step 1: Oxydation of sulphides and internal sulfate attack

• 80oC, 80% R.H. + wetting in bleach (NaClO) 6% (2 x 3 hrs / week)

• Expansion and mass measurements (1x / week)

3
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Step 2

Step 2: Thaumasite 
Formation

• 4oC, 100% R.H. +
wetting in bleach 6% 
(2 x 3 hours / week)

• Expansion & mass
measurements (1x / 
week)

MSK

PKA

Mortar bar test (Rodrigues et al. 2015)
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MSK 80oC → 4oC

SPH 80oC → 4oC

PKA 80oC → 4oC

SB 80oC → 4oC

SW 80oC → 4oC

Development of expansion test
(ASR vs sulphide-bearing)

(Rodrigues et al. 2015)

Alkali-silica reactive 
aggregates

Reject as concrete 

aggregate

Laboratory investigations - Step 2

Oxygen consumption test 
Consumed O2 < 4% 

Consumed O2 ≥  4%

Laboratory investigations - Step 3

Mortar bar expansion test

Is the aggregate 

susceptible to ASR ?

Is the expansion

≥ 0.15% between 90 days and 

180 days (i.e. during Phase 2)

Investigate effectiveness 

of preventive measures 

against ASR according 

to CSA A23.2-27A or 

CSA A23.2-28A.

Yes

No

Yes

No

Accept as 
concrete 

aggregate

Yes

Protocol for testing sulphide-bearing aggregates
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NRC - U. Laval 
Pyrrhotite 
project
Colloque sur la pyrrhotite – 24-25 Sept. 2018
Jon Makar, Ph.D., P. Eng.

Project Partners

 NRC and Quebec Government are creating a
research chair at Université Laval (2018-2022)

 1 MSc student, 4 Ph.D.s, 1 Post-doc and a
research professional at Laval U.

 Research carried out by NRC and Laval U.

 Research activities will extend across Canada (7
MSc’s across the country)

40
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Project Objectives

1. Determination of acceptable limits for the
content of ≠ sulphides in Canadian concretes;

2. Rapid, inexpensive and reliable tests for
detection of deleterious sulphide contents in
Canadian concrete aggregates;

3. Development of preventive measures for the
safe use of sulphide-bearing aggregates in
concrete applications → mitigate the economic
impact of sulphide content restrictions;

41

Project Objectives

4. Development of the technical capacity to
carry out tests developed for results 1-3 in
locations across Canada; and

5. Adoption of appropriate revisions to CSA
A23.1/.2, based on the results of the project.

42
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Project Tasks

1. Stakeholder engagement

2. Refinement of existing test methods for
sulphides in concrete aggregate (+ new
methods)

3. Estimation of frequency of occurrence of
deleterious sulphides in Canadian aggregate

4. Determination of safe limits for sulphide sulfur
and pyrrhotite contents in concrete agg.

5. Distribution of standardized test materials

43

• Lots of work still needed

• Basic mechanisms and
effect of various
parameters (moisture
content, concrete
composition, sulphide
mineral composition/
interactions, etc.)

• What can we do to make
sure that what happened in
TR and Connecticut won’t
happen again→
« engineering » !!!

Final thoughts 
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People’s aspects 

Value of house
$ 500,000

Value of house
$ 0 !!!!

September 24th & 25th 2018 (TR)
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Final thoughts – Connecticut (USA) 

CCACB (2018)

• Five-year warranty for new construction … but…

Quebec (Canada)
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• Wave 1

• $168 M of damage

• Judgement given … minimum pyrrhotite content
of 0.23% causing damage→ above 0.23%:
basement foundations are replaced !

• Appeal placed (71 questions raised, 8 weeks in
court (Oct 2017- May 2018)… still waiting for
decision … Supreme Court ???

• Wave 2 – more cases … but will depend of Wave 1
conclusions…

Law suits – Quebec (Canada) (Soucy 2018) 

• Wave 3→ Pyrrhotite content < 0.23% volume

• Housing foundations will not be replaced !

• « Pressure » to confirm the minimum « pyrrhotite »
content for damage generation

• Test on « concrete » is needed → cores for potential
for future expansion (# of cores ? → variability of
aggregate composition…)

• Set priorities for research … but fast ! → people are
waiting !!

Law suits– Quebec (Canada) (Soucy 2018) 
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Thank you for your 

attention  !!
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Use of advanced mineral characterization techniques to quantify 

sulfides in rocks and aggregates, and to investigate deterioration of 

concrete containing sulfide-bearing aggregates 

Kurt Aasly (1), Klaartje De Weerdt and Mette Geiker (2) 
(1) Department of Geoscience and Petroleum, Faculty of Engineering, NTNU, Norway
(2) Department of Structural Engineering, Faculty of Engineering, NTNU, Norway

An inaccurate quantification of the sulfur content and/or inaccurate or even incorrect identification 
of pyrrhotite may cause disqualification of otherwise highly qualified rock for aggregate production. 
This could have an enormous impact on the sustainable use of resources in the areas where sulfide 
alterations in rock occur. During the construction of the Follobanen tunnel for example, tunneling 
masses were intended to be used for the local production of the concrete lining. However, due to the 
detection of sulfur and pyrrhotite in the rock, the tunnel masses had to be disposed of and aggregates 
had to be transported in for the concrete production. This incident rose awareness about the 
knowledge gap regarding the testing methods and acceptance criteria for aggregates in concrete, and 
the performance of sulfide-bearing aggregates in high-quality concrete. 

Pyrrhotite in rocks and aggregates 

The requirements for aggregates for concrete (NS-EN 12620+NA) state that the total content of sulfur 
in aggregates and fillers should not exceed 1 wt-%. Special precautions apply when there are 
indications of the presence of pyrrhotite, in that case, the upper limit of the sulfur content is reduced 
to 0.1 wt-%. These low acceptance limits are challenging with regard to the characterization 
techniques. Qualified aggregates typically have sulfur and pyrrhotite content in the range of the 
detection limits of conventional analysis techniques.  

Another aspect in the determination of sulfur and pyrrhotite in aggregates is the procedures for 
sampling and sample selection. Different rock types typically show different variations 
(inhomogeneity) throughout. Such inhomogeneity could be systematic (e.g. layering) or more random 
(e.g. veining) and could be primary or later stage effects of alteration. Hence, sampling of a raw 
material should be arranged to cover these inhomogeneities and as such determine the differences in 
sulfur content in different parts of the raw materials in order to ensure representative sampling of the 
rock mass 

Pyrrhotite (Fe(1-x)S) occurs mainly in basic igneous rocks but may also be found in several other of rock 
types (e.g. Deer et al. 2013) and it often occurs together with e.g. pyrite (FeS2). Pyrrhotite occurs 
mainly as two principal types in nature, monoclinic pyrrhotite which is the magnetic species (also 
known as “4C”)/and hexagonal, none-magnetic species (NC). The magnetic pyrrhotite has a lower Fe 
content (46.5 - 46.8 %) compared with the none-magnetic form (47.4 – 48.3 %).  

Determination and quantification of low concentrations of pyrrhotite is challenging. Today, 
differential thermal analysis (DTA) for mineral analyses and, according to NS-EN 1744-1, acid digestion 
or high temperature combustion are the methods for analyzing the sulfur content. At NTNU/SINTEF, 
a home built DTA from the 1950´s is considered the best instrument to determine the content of iron-
sulfides and is capable of detecting iron sulfate contents down to one-tenth of a percent.  
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Optical petrography is always a mineralogist´s best friend and enables high detection limits (i.e. man 
is able to detect relatively small grains in any polished sample, it is only a question of patience and 
stamina), although quantification is more difficult and requires systematic, most likely automated 
methods, especially in such cases where contents of interesting minerals are very low (< 1%). Hence, 
future possibilities in developing quantitative analyses of iron sulfide minerals are seen in the evolving 
area of scanning electron microscopy (SEM). Two types of analyses show promising results when it 
comes to determination and quantifications of iron sulfide as shown by (Bunkholt, 2015). They used 
automated mineralogy and electron backscatter diffraction (EBSD) to determine and quantify 
different phases of pyrrhotite in sulfide bearing (calcite) marbles of high purity (i.e. >97% calcite). 
Although the challenge of determining pyrrhotite species was recognized by Becker (2009), later 
development has provided more accurate quantification of pyrite versus pyrrhotite. By using so called 
“sparse phase search” iron-sulfide grains may be identified and differentiation of pyrite and pyrrhotite 
is possible (e.g. Bunkholt, 2015). In cases where determination of pyrrhotite species is of interest, 
EBSD can be utilized. Although early attempts were not successful (Bunkholt, 2015) later development 
in technology could possibly enable improved recording and indexing of EBSD patterns.  

At NTNU, a new state-of-the-art electron microscopy laboratory is under construction. The laboratory 
will have an electron- and optical microscopes for characterization of rocks and ores. A Zeiss Sigma 
300 Mineralogic electron microscope for automated mineralogy can be utilized to identify and 
quantify iron sulfides in aggregates. The SEM is equipped with high-speed EBSD detector that can be 
used to differentiate between magnetic and none-magnetic pyrrhotite. However, sample preparation 
for optical- and electron-based methods are time consuming and limits representability of the sample 
as polished sections represent a narrow geographic selection. This is acceptable in research 
laboratories but other, more rapid sample preparation and analytical techniques should be considered 
in case the industry defines the analytical speed (including sample preparation) as critical.  

Pyrrhotite in concrete 

Pyrrhotite is potentially unstable in concrete. Upon exposure to oxygen from air and humidity 
pyrrhotite can oxidize and result in ferrous ions and sulfuric acid. The ferrous ions oxidize further to 
rust products such as ferrohydroxide. Whereas the sulfuric acid will upon reaction with the cement 
paste result in sulfate containing phases such as gypsum or ettringite, and in the presence of 
carbonates potentially in thaumasite. The rust products, as well as the formation of ettringite and 
thaumasite can lead to expansion, cracking and finally disintegration of the concrete. These phases 
have amongst others been found in heavily damaged concrete foundations containing pyrrhotite 
aggregate in buildings in the Trois-Rivières area in Canada (Rodrigues et al 2012). 

Rodrigues et al. (2015) developed an accelerated mortar test to assess the potential deleterious effect 
of sulfide-bearing aggregate in concrete. The aim of the test is to accelerate the degradation 
mechanisms leading to the observed damage i.e. oxidation of the pyrrhotite and formation of 
ettringite and thaumasite. Hence, the test comprises an accelerated oxidation step where mortar bars 
are exposed twice a week for 3 hours to a 6% bleach solution (NaOCl) alternated with drying at 80 °C 
and 80% RH and this for a total of 13 weeks. In the next step the formation of thaumasite is accelerated 
by combining the exposure cycles to bleach with exposure to 4 °C and 100% RH. This accelerated 
mortar bar test was able to provoke expansion in mortars with reactive aggregate containing 
pyrrhotite and does not lead to expansion for mortars with non-reactive aggregates.  
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Guirguis et al. (2018) applied the accelerated mortar bar test to study the impact of lowering the 
water-to-binder ratio or using supplementary cementitious materials (SCMs) on the expansion due to 
the reaction of sulfide-bearing aggregates and found that both measures reduce the expansion of the 
mortar bars. 

Further research focusing on the correlation between laboratory and field-testing is needed in order 
to validate the mortar bar test method for relevant concrete compositions and exposures. The final 
goal would be to develop a concrete performance test and set acceptance limits for the expansion. 
Such a performance test would enable us to evaluate whether aggregates are safe to use, or how we 
can adapt concrete recipes e.g. by reducing the water-to-binder ratio or using different binders in 
order to mitigate expansion in concrete containing sulfide-bearing aggregates.  

The concrete group at NTNU could perform µXRF scans of cross sections of the mortar bars and 
thereby elucidate the ingress depth of the bleach (tracing e.g. chlorine) and potential leaching (tracing 
e.g. potassium) during accelerated testing of mortars with different binders or water-to-binder ratios.
Techniques such as thermogravimetric analysis (TGA), X-ray diffraction (XRD) and scanning electron
microscopy combined with energy dispersive spectrometry (SEM-EDS) can be used to investigate
changes in the cement paste such as formation of gypsum, ettringite and thaumasite. By combining
these methods both on laboratory and field exposed samples we can obtain a deeper understanding
of the degradation mechanisms for concrete with sulfide-bearing aggregates and improve the
reliability of potential performance tests.

Outlook 

More accurate detection methods for sulfur and pyrrhotite in aggregates, and performance tests for 
concrete containing sulfide-bearing aggregates based on the fundamental understanding of the 
degradation mechanisms, would have a tremendous impact on the sustainable use of aggregates. It 
would enable the safe use of local aggregates (e.g. tunnel masses) and thereby reduce transport costs, 
unnecessary use of resources and deposition of waste. 

Together with the Norwegian Public Road Administration, the Department of Geoscience and 
Petroleum and Department of Structural Engineering, Faculty of Engineering, NTNU is applying for 
funding of research on this topic within the Ferry free E39 project. 
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Advanced mineral characterization to 
quantify sulphides in rocks and 
aggregates, and to investigate 
deterioration of concrete containing 
sulphide-bearing aggregates.
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2Department of Structural Engineering

2

The problem

• A lot has been said about sulphides in rocks these two

days

• However, characterization of low contents of sulphides

in rocks is not straight forward

• Hence, for us, characterization is the problem

• The sulphide problem occurs at very low S content in

aggregates (<1 wt-%) – i.e. ca 1.8 % pyrite (FeS2)

• Even more challenging when pyrrhotite occurs (S <0.1

wt-%) – i.e. as little as ca 0.25 wt-% (FeS)

• Locating and identifying sulphide minerals at these

levels are challenging.

Pyrite

Pyrrhotite
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Standard test methods

Chemical analyses:

• X-ray fluorescence (XRF):

– Quantitative analyses

– down to ppm level

– Short lead time sample prep

– Not suited for S

• Combustion method for S

– e.g. Leco

– Sub %

– Short lead time sample prep

• Acid  solubility/gravimetric

– Sub % (?)

– Short lead time sample prep

Mineralogy

• Petrography:

– Qualitative analyses

– down to sub one-thenths %

– Long lead time sample prep

• X-ray diffraction (XRD):

– around 1 wt-%

– Short lead time sample prep

• Differential Thermal Analysis

(DTA):

– > one-tenths of wt-%

– Short lead time sample prep

4

0.6 % sulphide

<1 % quartz

Pers. com.: Filip Dahl, SINTEF

DTA analyses
DTA equipment at NTNU/SINTEF 

developed by Prof. Selmer-Oslen

during 1950´s
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0.5 % sulphide

15 % quartz

Pers. com.: Filip Dahl, SINTEF

DTA analyses
DTA equipment at NTNU/SINTEF 

developed by Prof. Selmer-Oslen

during 1950´s

6

0.7 % sulphide

<1 % quartz

Pers. com.: Filip Dahl, SINTEF

DTA analyses
DTA equipment at NTNU/SINTEF 

developed by Prof. Selmer-Oslen

during 1950´s
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Relevant research

• In Ground Calcium Carbonate (GCC) production, whiteness is

imperative

• It is known that sulphides degrade high whiteness calcite concentrates

• Bunkholt (2015) investigated pyrrhotite in calcite marble raw material

• The Norsk Mineral AS´ mine has a zone with sulphides

• Pyrrhotite present and most difficult to remove by traditional methods

• Used different techniques to check for pyrrhotite content and types of

pyrrhotite present

• Significant for flotation results – rapid alteration of pyrrhotite made

flotation difficult
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500 um

AMS:

• Define grains from BSE image

• Select grains for EDS analyses

• ID minerals based on EDS signature

EBSD:

• Measure crysallographic orientation

• Define grains and orientation

• ID minerals based on crystal

structure

Bunkholt (2015)

KA2
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Future thoughts

AMS

• Why AMS so promising (ID and characterization of sulphides)?

– Able to detect even imperceptible amounts of sulphide minerals in

samples

– May quantify and identify different sulphide minerals

– Able to define particle or grain size of different minerals

– Imaging for visualization

– All above from one analytical setup

– Sample: polished slab up to 15x15 cm or thin section

• EBSD

– To be used to identify different crystallographic species of pyrrhotite

– Use crystallography to distinguish

– Not dependent on minimal differences in chemical content

10

MiMaC 

Norwegian Laboratory for Mineral

and Materials Characterisation
Aims to establish a world class Norwegian laboratory for structural 
characterization and high-sensitivity chemical analyses of minerals, metals 
and advanced nanomaterials in Trondheim.

Multi-scale (atom-scale to micro-meter scale)

Multi-dimensional (1D-3D)

Equipment for 70 MNOK

53 MNOK from the Norwegian Research Council

17 MNOK from the host institutions

Instruments:

• 3D Atom probe

• EPMA 

• AMS

• LA-SS-MC/QqQ-ICP-MS

• LA-QqQ-ICP-MS
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Node: NTNU Department of Geoscience and Petroleum

Electron Probe Micro Analyzer (EPMA)

The JEOL JXF-8530F PLUS is a field emission (FE) 
microprobe equipped with 5 wavelength (WDS)- + 
1energy (EDS) dispersive spectrometers; 
panchromatic CL detector. The microprobe does 
low ppm element analyses on µm scale spatial 
resolution

11

Complementary laboratories near by:
• IGP Mineral processing lab
• NTNU Paleo- and Rock Magnetic laboratory 
• IGP Chemical- mineralogical lab

• XRF; XRD; ICP-MS
• Automated mineralogy system
• Advanced optical microscopy lab

• Fluid inclusion system; Heating stage; 

Field of use
• In-situ none destructive chemical analyses of 

solid samples
• Quantitative analyses to ppm level
• Element mapping (zonations etc)
• Spatial resolution to µm level
• Rapid analyses of minerals, rocks, others solid

materials

Node: NTNU Department of Geoscience and Petroleum

Automated Mineralogy System

Zeiss Sigma 300 field emission SEM with 
Mineralogic software for Quantitative Mineralogical 
Analyses rocks and ores. Equipped with Bruker 
EDS; panchromatic CL; High-speed EBSD 

12

Complementary laboratories near by:
• IGP Mineral processing lab

Bench scale- and pilot scale mineral 
processing equipment

• NTNU Paleo- and Rock Magnetic laboratory 
• IGP Chemical- mineralogical lab

XRF; XRD; ICP-MS
• Electron Probe Micro Analyzer
• Advanced optical microscopy lab

Fluid inclusion system; Heating stage; 

Field of use
• Quantitative mineralogical analyses
• Automated analyses for mineralogy and 

petrography
• Mineral liberation analyses
• Textural analyses of rocks and ores
• Rare phase search

Background

Quartz

Pyrite/Marcasite

Chalcopyrite

Cubanite

Chalcocite/Covellite

Sphalerite

Galena

Barite

Others

Mineral Name
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13

Lab facilities – IGP/NTNU

Existing labs

• XRD

• XRF

• DTA (co-op with SINTEF)

• SEM and EPMA

• Petrographic microscopes

• + various magnetometry

analysis

New labs

• MiMaC laboratory

– Norwegian Laboratory for

Mineral and Materials

Characterisation

• Automated Mineralogy System

– Zeiss Sigma 300VP

Mineralogic

• Electron Probe Micro Analyser

(EPMA)

– JEOL JXA8530F PLUS

14

Fresh from the press
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Advanced mineral characterization to 
quantify sulphides in rocks and 
aggregates, and to investigate 
deterioration of concrete containing 
sulphide-bearing aggregates.

Kurt Aasly1 & Klaartje De Weerdt2

NTNU
1Department of Geoscience and Petroleum

2Department of Structural Engineering
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What happens with Pyrrhotite in concrete?

Fe(1-x)S  
Pyrrhotite or another iron
sulphide from the aggregate

+O2 + H2O
environment

Fe(OH)3
Rust products

H2SO4
Sulphuric acid

Attacks the cement paste by forming:
- ettringite
- gypsum
- thaumasite

(in presence of carbonates)

Accelerated test:
- moisture
- oxidation

expansion

EXPANSION
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STEP 2: thaumasite

Accelerated test for iron-sulphide minerals

3/4 
days

80°C
80%RH

20°C
6% 

NaOCl

3 h

STEP 1: oxidation - 13 weeks

3/4 
days

80°C
80%RH

20°C
6% 

NaOCl

3 h

3/4 
days

4°C
100%RH

20°C
6% 

NaOCl

3 h
3/4 

days

4°C
100%RH

20°C
6% 

NaOCl

3 h

Rodrigues Duchesne Fournier (2015) CCR

18

Accelerated test for iron-sulphide minerals

The accelerated test method can potentially be used to 
assess the impact of:
- Supplementary cementitious materials
- w/b ratio
- ..

Remaining questions:
- Risk for delayed ettringite formation (80C)
- Impact of chlorides on ASR

- Correlation laboratory expansion – field?
- Do we test the same mechanisms?
- Do we get the same reaction products?
- Is the test applicable on all kinds of concretes?
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Validate test method

Tools:
• µXRF

• SEM-EDS, XRD, TGA

• Verification with samples from field?
Exposure site?

• Verify ingress of bleach
during accelerated testing

• Chloride and sulphate
transport

• Phase assemblage before
and after exposure

20

Example - sea water exposure

De Weerdt et al. 2018 CCR

TGA cement paste

SEM-EDS maps - mortar

Justnes and De Weerdt 2015 CCC

XRD cement paste

177



21

Example µXRF – seawater exposed concrete with crack

Tobias Danner (SINTEF), 
personal communication, 2018

AlCa

Cl

Fe

K

S

Na

Mg

22

Example µXRF
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S  

Mg  Si  

Al  

Ca

K  

Fe  

24

Future research focus:

1. development of a methodology for identifying, characterizing and

quantifying sulphides in aggregates;

2. contribute to understand the geological processes for the formation of

sulphide-bearing minerals

3. development of accelerated performance test method and acceptance

limits for sulphide containing aggregates in concrete

4. investigate the potential mitigating effect of measures such as reduced

water-to-binder ratio, SCM, or alternative binders

5. contribute to the development of categorizing system for different

sulphide minerals regarding the potential reactivity in concrete.
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Applications for project support
Ferry Free E39 - Pyrrhotite in aggregates for concrete
• Time frame: 2019-2022
• Budget: 15 MNOK
• Partners: NTNU, NPRA, SINTEF,

HeidelbergCement Northern Europe,
NGU, NHM, BaneNor (?),
tilslagsprodusenter ..

• PhD students: 3 (Petter Hemstad)

• Goal:
• We will develop methods to identify and quantify the sulphide-

and pyrrhotite content and practical acceptance test for
aggregates

• We will develop reliable performance test for concrete
enabling safe use of sulphide-bearing aggregates in concrete.

26

Applications for project support
Potential funding through Norwegian Research Council

• To be submitted as KPN proposal in 2019?
• Centre(s) for Research-based Innovation (2019)
• Small clusters or individual companies as IPN?

KPN proposal – 2019
• Draft prepared and submitted 2018
• Final proposal not submitted
• Focus on all aspects from geology to concrete

testing
• Applied research with fundamental aspects
• KPN aims at integration of results into partner

operations
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A list of previous and upcoming Nordic workshops is available on www.nordicconcrete.net  

http://www.nordicconcrete.net/


Mica Redress Committee

Workshop 

28th October 2020.

(Click here to return to Ref 6 in main report document)

(Click here to return to Appendix Contents)



Activity to date

• 56 applications received.
– 13 approved
– 5 approvals pending.
– 19 Under consideration / being assessed.

• 11 Engineers Reports being assessed.
• 8 new applications since Friday to be fully assessed.

– 19 Awaiting Further Information.

• 267 further applicants registered – application 
awaited.



Applications by Month submitted



Applications by Municipal District



Applications by Remedial option



Approvals by Remedial Option



Applications by Property Type



Comments / Issues arising.
• Applications:

– Slower start than anticipated - Bedding in period.
– Gaining some momentum over the last month.
– Over 50% of applications received during October.

• Assessment of Applications - Further Information.
– Proofs – i.e. Ownership / Joint Owner Consents / Principle 

Private Residence / LPT compliance, etc.
– Engineers Report - Compliance with IS 465 Protocol.

• Guidance issued to assist Engineers.
– Updated Reports now coming back in.

• Approvals now issuing.
– Payments for Stage 1 fees will commence shortly.



Engineers IS465 Report & 

Recommendation

• A recommendation by the competent engineer …, of 
a remedial option for the relevant dwelling that 
represents the minimum feasible remedial works .…



Competent Persons

• Chartered Engineer.
• Professional Geologist.
• Laboratory.
• Sampler (Engineer should satisfy 

competence).







Internal External

Rising Wall 

Blockwork

Foundation

External Ground Level

Internal Floor Level



Tests



Engineers Final IS465 Report



Remedial Options

Remedial 

Option
Remedial Works Description

Option 1 Demolish entire dwelling to foundation level and rebuild.

Option 2
Demolish and rebuild external walls (both outer and inner leafs) down to 
foundation on a phased basis and re-render.

Option 3
Demolish and rebuild external walls (both outer and internal leafs) down to top 
of rising wall on a phased basis and re-render.

Option 4
Demolish and rebuild external walls (outer leaf only) down to top of rising wall 
on a phased basis and re-render.

Option 5 Demolish and rebuild outer leaf of affected walls only and re-render.



Internal External

Rising Wall 

Blockwork

Foundation

External Ground Level

Internal Floor Level
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Your Questions Answered 

Defective Concrete Blocks Grant 

Scheme 

30 November 2021 

Prepared by the Department of Housing, Local Government and Heritage 

gov.ie/housing 

(Click here to return to Ref 7 in main report document)
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First Steps 

1. Who will the grant scheme apply to?

The grant scheme will apply to the owners of dwellings located in Donegal or

Mayo, which are damaged due to the use of defective concrete blocks

containing excessive amounts of mica/pyrite.

The dwelling must be:

(a) the individual’s principal private residence, that is, a house or apartment 
which an individual owns (or co-owns) and occupies as his or her only or 
main residence

(b) a rented dwelling with a Residential Tenancies Board (RTB) registered 
tenancy on November 1st 2021 subject to a maximum of one rental 
property per household and the introduction of a clawback mechanism 
upon re-sale within a set time period depending on the remediation option 
used.

2. Will other counties be eligible for the scheme?

The Minister for Housing, Local Government and Heritage may, with

Government approval, extend the Scheme, beyond Donegal and Mayo, to

additional counties as appropriate and required.

3. How do I establish if my dwelling is damaged due to defective

concrete blocks?

Where it is suspected that a dwelling has been damaged due to the use of

defective concrete blocks in its construction, the homeowner should engage a

suitably qualified chartered engineer to carry out an inspection of your home.

Should they be of the view that the dwelling is damaged due to the use of

defective blocks a ‘Building Condition Assessment’ in accordance with Irish

Standard I.S. 465:2018 can be prepared, on your instruction.

This Building Condition Assessment will be needed should you decide to

submit an application to the local authority.

Engineers Ireland http://www.engineersireland.ie keep a register of chartered 
engineers who have undertaken training in I.S. 465and are considered to have 
the necessary competence in relation assessing properties damaged by 
defective blockwork. Homes seeking admission to the scheme will be required 
to meet a ‘damage threshold’. The ‘damage threshold’ is necessary to ensure 
that the worst affected homes are prioritised for remediation.

Ref 7.1

Ref 7.2

(Click here to return to Ref 7.1 in main report document)

(Click here to return to Ref 7.2 in
main report document) 

https://www.engineersireland.ie/Professionals
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4. What costs are covered by this grant scheme?

The grant scheme covers up to 100% of the costs associated with the

qualifying works deemed necessary for the remediation of the relevant dwelling

(subject to cost per square foot and maximum expenditure limits), and includes

the costs associated with the:

• Professional and project management fees

• Alternative accommodation Costs

• Removal and Storage for future use of house components

• Cost of disconnection and reconnection of services and utilities

• Engineer's report (I.S. 465 Final Report including testing and sampling)

and recommended

5. What role is the Housing Agency to play in the enhanced

scheme?

The Housing Agency will act as agents on behalf of the local authorities under

the enhanced scheme. Applications received by a local authority will be

referred to the Housing Agency to review the ‘Building Condition Assessment

Report’ and determine if the home has met the ‘damage threshold’ for entry to

the scheme. Once a home has met the damage threshold for entry to the

scheme, the Housing Agency will arrange the assessment, testing and

categorisation process as required and recommend the appropriate

remediation option and grant amount.

Ref 7.3

(Click here to return to Ref 7.3 in main 
report document)

Ref 7.4

(Click here to return to Ref 7.4 in main 
report document)
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The Dwelling 

6. What type of dwelling qualifies for the grant scheme?

It is a matter for the relevant local authority to determine whether a dwelling is a

relevant dwelling for the purposes of this grant scheme and will require such

evidence as deemed necessary in making such a determination.

The relevant dwelling must be a house, apartment, maisonette or duplex

dwelling that:

• is located in the administrative area of a relevant local authority i.e.

currently Donegal County Council or Mayo County Council only, however,

this may be extended;

• the construction of which was completed prior to 31/01/2020;

• was constructed using defective concrete blocks; and is damaged due to

the use of the defective concrete blocks

• and is either an owner occupied principal residence or a property

registered with the RTB on the 1st November, 2021

The dwelling must be: 

(a) the individual’s principal private residence, that is, a house or apartment

which an individual owns (or co-owns) and occupies as his or her only or

main residence

(b) a rented dwelling with a Residential Tenancies Board (RTB) registered

tenancy on November 1st 2021.

In respect of rental properties a charge will be held on the property for a set 

period based on the remediation option approved and the grant funding 

provided. 

A maximum of one rental property per household is eligible for funding under 

the scheme.   

Vacant homes are not eligible to apply under the DCB Scheme but they are 

eligible to apply under the Repair & Leasing Scheme run by DHLGH on the 

same terms as all other homeowners. 

Ref 7.5

(Click here to return to Ref 7.5 in main report document)
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7. What type of dwelling does not qualify for this grant scheme?

The following are excluded from the definition of a relevant dwelling and do not

qualify for this grant scheme:

• Holiday home properties

• Vacant residential properties

• a building or part of a building or out office that is not attached to a

dwelling;

• a yard, garden or other land appurtenant to a dwelling;

• a building, other than a building comprising apartments, duplexes or

maisonettes (or any combination of such dwellings), that provides multi-

occupancy accommodation under specific conditions, including, but not

limited to, a nursing home, a boarding school, a hotel or a hostel;

• dwellings owned by a Public Body

• commercial/retail premises.

8. I live in an apartment block.  Can I apply?

Yes, if the conditions set out in 7 above are fulfilled

9. I live in a semi-detached house.  Can I apply?

Yes, if the conditions set out in 7 above are fulfilled

10. My dwelling is semi-detached and the adjoining house is also

affected. Can we apply together?

No, each relevant owner of a relevant dwelling must apply separately.

11. What happens if I inherit a house after 31 January 2020?

If you inherited the dwelling after the 31st January 2020, you are eligible to

apply for the grant. The dwelling must be the individual’s principal private

residence, and the individual must intend in good faith to reside in the dwelling

as his or her principal private residence on completion of the qualifying works to

the dwelling.

Ref 7.6

Ref 7.7

(Click here to return to Ref 7.6
in main report document)

(Click here to return to Ref 7.7
in main report document)
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12. What happens if I buy a house after 31 January 2020?

Individuals who purchase a dwelling on or after 31 January 2020 will generally

not be eligible for a grant. However, in certain limited circumstances, as an

exception to the general rule, a relevant local authority may consider an

application from an individual applying in good faith, on the honest belief that

they either did not know, or could not have known that defective concrete

blocks were used in the construction of the dwelling.

It is a matter for the relevant local authority (which is independent in the

exercise of its functions), to determine based on facts and evidence in each

individual case whether an applicant is, or is not entitled to apply for inclusion

into the scheme.

13. What proof will I have that the remedial work has been

satisfactorily completed?

As a pre-condition to a final payment, a Certificate of Remediation will be

required following completion of the remedial works, signed by your contractor

and competent engineer, certifying that the qualifying works to the dwelling

which were carried out and supervised by the contractor, and designed and

inspected by the competent engineer are compliant with the requirements of

the Building Regulations.

Under proposed enhancements to the scheme the certification process for

remediated homes will be strengthened and placed on a statutory footing. A

second grant option for options 2-5 will be available where blockwork left in

home after the first remediation subsequently proves defective in accordance

with the IS:465 protocol. The second grant option would remain with the home

and should help with future conveyancing.

14. What if I moved out of my principal private residence due to

damage caused by defective concrete blocks?

A dwelling may be deemed the individual’s principal private residence where

the dwelling previously had been, but ceased to be such by virtue of the

damage to the dwelling arising out of, or in connection with, the use of defective

concrete blocks in its construction.

Ref 7.8

Ref 7.9

(Click here to return to Ref 7.8
in main report document)

(Click here to return to Ref 7.9 in main report document)
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The Qualifying Works 

15. What remedial options are available under this grant scheme?

There are five remedial options available under this grant scheme.

The maximum grant payable for each remedial option is 100% of the maximum

approved cost, or 100% of the actual cost of the qualifying works carried out,

whichever is the lesser (see Table 1 below). As the remedial works progress,

the homeowner will be eligible to apply for grant payments in stages.

Table 1: Grant Amount Payable per Remedial Option 

Remedial 

Option 

Remedial Option 

Description 

Maximum Grant Payable1,2 

Option 1 Demolish entire dwelling 

to foundation level and 

rebuild. 

€420,000 

Option 2 Demolish and rebuild 

external walls (both outer 

and inner leafs) down to 

foundation on a phased 

basis and re-render. 

Currently €220,000 but will 

rise after DHGH/SCSI 

Review 

Option 3 Demolish and rebuild 

external walls (both outer 

and internal leafs) down 

to top of rising wall on a 

phased basis and re-

render. 

Currently €210,000 but will 

rise after DHGH/SCSI 

Review 

Option 4 Demolish and rebuild 

external walls (outer leaf 

only) down to top of rising 

wall on a phased basis 

and re-render. 

Currently €75,000 but will rise 

after DHGH/SCSI Review 

Option 5 Demolish and rebuild 

outer leaf of affected 

walls only and re-render. 

Currently €55,000 but will rise 

after DHGH/SCSI Review 

NOTE: 

1. All costs are inclusive of VAT.

Ref 7.11

(Click here to return to Ref 7.11 in main report document)
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16. How will the cost per square foot be calculated?

For Option 1 (demolition and re-build) the Department has set a fair and

reasonable cost per sq.ft. in addition to a specific allowance for alternative

accommodation and storage costs. This has been informed by SCSI rates and

methodology. Following further engagement with SCSI an appropriate

blockwork replacement (options 2-5) will be agreed and the current caps under

options 2-5 will rise as necessary.

The cost psf set by the Department of Housing, Local Government and

Heritage allows for €20,000 for alternative accommodation and storage costs

as well as €145psf for the first 1,000 sq. ft., €110psf for the next 1,000 sq.ft.

and €100 psf thereafter, based on the size of the existing home. The sliding

scale effect in the table below reflects the economies of scale associated with

home construction. The costs set also reflect the fact that under option1 homes

are being rebuilt on existing foundations with all services in situ and paid for

and gardens, driveways and boundary treatments in place.

The salvage of existing house components will be a matter for individual

homeowners but should be encouraged in order to promote the circular

economy.

Examples of how this would work for various home sizes being remediated

under option 1 are set out in the table below:

House 
Size in 

Sq. Ft 

Accommodation 
& Storage Costs 

Average 
Construction  
Cost PSF 

Max 
Construction 
Grant 

Total 
Grant 

800 20,000 €145 €116,000 €136,000 

1,200 20,000 €140 167,000 €187,000 

1,600 20,000 €132 211,000 €231,000 

2,000 20,000 €128 255,000 €275,000 

2,500 20,000 €122 305,000 €325,000 

3,000 20,000 €118 355,000 €375,000 

The Department will monitor movement in the annual SCSI re-build guide and 

tender rates and adjust the cost psf as required to account for changes in 

construction costs. The economies of scale associated with construction work 

and housebuilding are significant and this will remain an important 

consideration in any future adjustments to the cost psf for all remediation 

options. 

Ref 7.12

(Click here to return to Ref 7.12 in main report document)
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17. What works do not qualify under this grant scheme?

The following outlines a non-exhaustive list of items of non-qualifying works,

which are outside the scope of this grant scheme:

• costs associated with works undertaken prior to Confirmation of Grant

Approval from a relevant local authority;

• costs associated with works outside of the grant scheme;

• costs associated with any works that are not required for or ancillary to the

remediation of damage to the dwelling arising out of, or in connection with,

the use of defective concrete blocks in its construction e.g. energy

upgrades beyond the requirements of the Building Regulations for existing

dwelling;

• remedial works to foundations, and associated ground works;

18.

Under proposed enhancements to the scheme the Housing Agency will

recommend a remedial option that represents the appropriate works to

remediate the dwelling.

19. Are remedial works to my garage allowable under the grant

scheme?

No. A building or part of a building or out office that is not attached to a dwelling

is excluded from this grant scheme.

20. Can I apply for an SEAI grant for energy upgrades?

Yes there is grant assistance available from the Sustainable Energy Authority

of Ireland (SEAI) for DCB homeowners to cover the costs of energy upgrades

which should reduce energy costs going forward and reduce the financial

burden on families over time. Grants are available to DCB homeowners under

the same criteria as all other homeowners who are not affected with DCB.

Ref 7.13

Ref 7.14

Ref 7.15

(Click here to return to Ref 7.13 
in main report document)

The I.S. 465 Final Report has revealed that the presence of 
deleterious materials and resulting damage to my dwelling has 
only occurred in an extension to my dwelling. What happens in 
this case? 

(Click here to return to Ref 7.15 
in main report document)

Ref 7.16

(Click here to return to Ref 7.14 in main report document)

(Click here to return to Ref 7.16 in main report document)
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21. Does the grant scheme cover temporary accommodation and

other costs (such as furniture storage) in the event that I have

to move out when works are ongoing?

Alternative accommodation costs are an allowable cost, subject to a maximum

of €15,000.

Removal of furniture/contents, temporary storage and reinstatement on

completion are an allowable cost, subject to a maximum €5,000.

22. Can I recoup remedial works costs that I have already incurred

prior to getting approval under the grant scheme?

Generally no, however any costs associated with essential immediate repair

works related to the structural stability of any part of an affected home, which

are recommended on foot of an engineer’s recommendation as part of the

‘Building Condition Assessment’ process, will be an allowable cost, subject to a

maximum expenditure cap of €5,000.

Ref 7.17

Ref 7.18

(Click here to return to Ref 7.17 in main report document)

(Click here to return to Ref 7.18 in main report document)
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General 

23. Will I have to vacate my house while the work is being done?

This is a matter for your contracted parties (contractor and competent engineer) 
and will depend on the nature of works required, as specified in the remedial 
works plan.

Further information is provided in the “Guide for Homeowners Getting 
Construction Work Done Safely” published by the Health and Safety Authority, 
available at the following link:

https://www.hsa.ie/eng/Publications_and_Forms/Publications/Construction/
homeowners_guidance.pdf

24. Am I liable for property tax for the period my dwelling has been

affected?

The Finance (Local Property Tax) (Amendment) Bill 2021 was signed into law 
in July 2021 and provides a temporary (6 year) exemption from Local Property 
Tax (LPT) for homes in counties that have been damaged due to the use of 
defective concrete blocks in their construction and are eligible for the Defective 
Concrete Blocks Grant Scheme subject to the home being remediated.

25. Can I appeal a decision?

Yes. A new and independent appeal process will be established to consider all 
appeals on the approved remediation or grant award from homeowners 
regardless if their location.

Planning Permission 

26. Do I require Planning Permission?

In the case of option 1 (demolition and rebuild), subject to work which is

underway to identify what legal requirements may be needed to make provision

for it, exempt development status will be provided for homes which are planning

compliant and are being replaced on a like for like basis.

Where a participant does not build back on a ‘like for like’ basis planning

permission will be required.

Ref
7.10

Ref 7.22

(Click here to return to Ref 7.21 in main report document)

(Click here to return to Ref 7.22 in main report document)

Ref 7.19

Ref 7.20

Ref 7.21

(Click here to return to Ref 7.19 in main report document)

(Click here to return to Ref 7.20 in main report document)

(Click here to return to Ref 7.10 in main report document)
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Further Considerations 

27. Will the maximum grant caps rise/fall in line with inflation?

The maximum expenditure caps will be set by DHLGH and reviewed as

required by DHLGH in consultation with the SCSI.

28. Will holiday properties and other non-RTB registered rental

properties be included?

No

29. What additional supports will be available for applicants?

Local authorities will be available to support people who need assistance in

completing the application process.

30. Will those responsible for the manufacture of defective

concrete blocks be legally pursued?

Options for the pursuit of potential liable wrongdoers will be explored.

31. What revenue raising options are being considered?

A levy on the construction industry will be put in place and introduced in the

Finance Bill 2022.

32. What actions are being taken to ensure this never happens again?

The Government is establishing a new Independent Building Standards

Regulator, a Building Industry Register and tasking the NSAI Masonry

Committee with a special review of concrete blocks standards including making

recommendations on what improvement, if any, are required to prevent future

problems.

Standards 

I.S. 465:2018 - Assessment, testing and categorisation of damaged buildings 
incorporating concrete blocks containing certain deleterious materials: 
https://www.nsai.ie/images/uploads/standards/
I.S_.465-2018_Web_Download_.pdf

Ref 7.23

Ref 7.24

Ref 7.25

Ref 7.26

Ref 7.27

Ref 7.28

Ref 7.29

(Click here to return to Ref 7.24 in main report document)

(Click here to return to Ref 7.27 in main report document)

(Click here to return to Ref 7.28 in main report document)

(Click here to return to Ref 7.29 in main report document)

(Click here to return to Ref 7.25
in main report document)

(Click here to return to Ref 7.26
in main report document)

(Click here to return to Ref 7.23
in main report document)
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Petrographic methods of investigation for hardened concrete

Preliminary examination

The submitted sample / specimens are examined as received, and after careful washing to remove
loose debris, using a Nikon SMZ-U stereomicroscope.  The microscope has a continuous zoom range
of 7.5x to 75x and it is equipped with a 150W continuous ring, fibre optic illuminator. It is useful for the
preliminary examination of materials and it is possible to discriminate and sometimes identify features
as small as 100 µm in size. The microscope has a trinocular head and can be used for low power
photomicrography.  The  main  purpose  of  the  preliminary  examination  is  to  identify  the  degree  of
consistency  or  variability  in  the  submitted  sample  /  specimens  and  any  superficial  evidence  of
deterioration.  This facilitates the selection of the most appropriate specimen(s) for a full petrographic
examination when multiple specimens of the same concrete type are submitted.

Sample preparation

Following preliminary examination, the selected specimen is cut in half parallel or perpendicular with
its  axis  (to suit  the objectives  of  the investigation).  One half  of  a cut  specimen may be carefully
ground, finishing with #600 grit carborundum powder.  At least one standard petrographic thin section
is prepared from each selected specimen.  Additional thin sections may be prepared from a large
specimen in order to investigate variation in the concrete or to suit the objectives of the investigation.
The cut specimen, used for section preparation, is typically vacuum impregnated with a low viscosity
epoxy resin containing a yellow fluorescent dye.  A high resolution, low magnification digital image of
each thin section is prepared using a film scanner. This type of image is useful  for illustrating the
mesostructure of the concrete.

Microscopic examination

High-power  microscopy  is  undertaken  using  a  Nikon  research  polarising  microscope.  The  thin
section(s)  may  be examined in  both  plain  and cross-polarised  light,  and reflected  ultraviolet  light
creating secondary fluorescence.  Digital photomicrographs are taken using a Nikon digital camera
fitted to the trinocular head of the microscope. 

Quantitative investigations

Modal  analysis  to  determine  the  concrete  composition  is  performed  using  a  Pelcon  64  channel
electromechanical point counter using stepping and traverse intervals of 0.5 mm. Five hundred points
are counted from each thin section (provided the area of the sample represented on the thin-section is
sufficient).  Water/cement  ratios  for  uncarbonated  concrete  can  be  estimated  by  the  petrographic
comparison  of  the  fluorescent  intensity  of  the  paste  with  that  of  standard  mortars  viewed  under
carefully controlled reflected ultraviolet illumination.  An estimated mix design may be calculated for
standard Portland-type cement without cement substitutes.

Other testing

In some circumstances, additional (non-petrographic) testing using an appropriate chemical or 
physical testing procedure may be undertaken by an approved laboratory.  When undertaken, the test 
certificate and the results obtained are provided in an appendix to the main body of the report.
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Report summary

Risk factor assessment for mica degradation | Sample 7

The petrographic evaluation of the examined sample for susceptibility to deterioration due
to  freeze-thaw  has  subjectively  taken  into  account  the  factors  of  significance  and  the
assessed risks shown in the table below.

Table 1 · Risk factor assessment for mica degradation

Factor¹
Method

(Visual-V/
Microscopy-M/SEM)

Amount² Risk level (1-4)³

Visible evidence of 
deterioration

V / M
sound but potentially

susceptible
3

Free muscovite mica (as % 
of cement paste)

M / SEM abundant (16%) 4

Evidence of moisture ingress M rare 1

Microcracking M locally common in aggregate 2

Degradation of cement 
matrix/Leaching

V / M
trace iron oxide impregnation,

local patchy leaching
2

Microporosity M high 3

¹ Factors of significance chosen are derived from Table 3 in 7.7.3 of IS 465:2018+A1:2020.

² Amount is relative: Not identified < Rare < Present < Common < Abundant.

³ Risk (of mica degradation) levels subjectively take into account both amount and context: 1 – Negligible; 2 – 
Low/Medium; 3 – High; 4 – Critical.

Concrete block classification | Sample 7

Negligible Risk

Low/Medium Risk

High Risk

Critical Risk

Although the levels of aggregate related deterioration are currently limited and the concrete
in this sample remains sound, the abundance of problematic lithologies (phyllite and free
mica)  means  the  concrete  should  be  considered  as  displaying  high  susceptibility  to
deterioration from potential freeze-thaw damage.1

Due  to  the  observed  abundance  of  pyrrhotite  /  other  sulphides  it  is  recommended  to
determine  and  consequently  evaluate  the  risk  of  concrete  deterioration  from  sulphide
degradation.

Key findings

1. Sample  7 was selected in consultation with the Chartered Engineer to represent
concrete classified as High Risk by Suite A examination. All samples of this concrete
type demonstrated very similar characteristics by simplified petrography and would
be expected to be equally susceptible to deterioration from potential  freeze-thaw

1 Concrete deemed to have high susceptibility to deterioration may not always exhibit evidence of deterioration under petrographic 
examination. This does not rule out the possibility of actual damage having occurred in concrete blocks that have not been sampled 
or examined.

Tullyrap, Raphoe, Co Donegal F93 H3C2
CO5003(b) 26/11/2021
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damage, as demonstrated by the detailed petrographic evaluation of the selected
sample.

2. The concrete in sample 7 is composed of a crushed gravel and a quarried phyllite
and micaceous quartzite aggregate, mixed with a quartzite-rich gravel.

3. Both  phyllite  and quartzite  contain  abundant  fine  grained phyllosilicate  minerals,
including  interlayered  muscovite  mica  and  chlorite.  Abrasion  of  these  aggregate
fragments has produced high amounts of free mica in the concrete binder and this is
associated with significant risk of freeze-thaw damage in concrete. 

4. SEM analysis of the binder (see Appendix 2) quantifies the average content of free
muscovite mica at  16% by volume of cement paste. This is considered to be an
underestimate as discrimination of free mica by SEM analysis is not absolute. There
is also evidence of free chlorite, which is also a phyllosilicate and could behave
similarly to muscovite in cement. The amount of free mica is excessive. While there
are no published limits for free mica content of aggregates in European or American
standards, it has been reported that in most cases of poor concrete block durability
due to micaceous aggregates that the free mica content of the binder is typically
>5% by volume of the paste1.

5. The gravel aggregate only contains traces of pyrite as the majority are oxidised to
iron oxides but there is even a low abundance of these (visual estimate traces only).
The phyllite aggregate contains appreciable amounts of pyrrhotite (visual estimate
1-2%),  with  additional  pyrite,  chalcopyrite  and  trace  marcasite.  The  presence  of
sulphides,  particularly  the  more  unstable  pyrrhotite  and  marcasite,  is  cause  for
concern due to the potential for oxidation and subsequent production of expansive
cracking and associated secondary sulphate minerals. Although there is evidence of
local  in situ oxidation of pyrrhotite, pyrite and marcasite, the majority of oxidation
appears to pre-date concrete manufacture and there is no evidence of expansive
cracking or high levels of secondary sulphates in the binder or voids. However the
concrete should be considered at risk of future sulphate attack due to the oxidation
of pyrrhotite.

6. The texture and mineralogy of the carbonated paste in the sample are characteristic
of  natural  atmospheric  carbonation  of  high  microporosity  concrete  with  minor
recrystallisation and leaching. There is no evidence of any secondary sulphates or
gels visible in carbonated binder.

7. The void distribution consists of small sub-spherical air voids within larger patches of
binder, interspersed with large, partly connected irregular voids. The void level is
within normal limits for concrete block. The majority of voids are either unlined or
lined  with  microcrystalline  calcite.  There  is  no  evidence  of  significant  moisture
ingress which would be associated with common secondary mineral fills in voids.

8. Phyllite  and  quartzite  fragments  show  common  internal  cleavage  parallel
microfracturing in fluorescent light but there are very few fractures >10 µm wide. The
fractures terminate at aggregate edges, indicating they probably occurred during
aggregate processing rather than as a result of in situ expansion. 

9. There is no evidence of significant degradation-related fracturing of the binder.

1 Eden & Vickery, Sandberg LLP. Investigating the causes of deterioration in concrete blocks in Southern Ireland. 17th EMABM, 
University of Toronto, Toronto, Canada, May 20-23, 2019
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Risk factor assessment for sulphide degradation | Sample 7

Table 2 · Risk factor assessment for pyrite or other sulphide degradation

Factor¹
Method (Visual – V,

Microscopy – M/SEM,
Chemistry – C)

Amount² Risk level (1-4)³

Visible evidence of / susceptibility
to deterioration

V / M sound but potentially susceptible 3

Problematic lithologies†, sulphide 
bearing phyllite and quartzite

V / M majority of aggregate, >>50% 4

Gypsum/ secondary sulphates M / C AS 0.23%, WSS 499 mg/l 2

Reactive sulphides M / SEM/ C
common pyrrhotite, chemistry

0.62%, local oxidation
4

¹ Factors of significance chosen are derived from Table 5 in 7.8.3 of IS 465:2018+A1:2020.

² Amount is relative: Not identified < Rare < Present < Common < Abundant. Porosity: Low, Moderate, High, Very 
High.

³ Risk (of sulphide degradation) levels subjectively take into account both amount and context: 1 – Negligible/Low; 2 
– Moderate; 3 – High; 4 – Very High.
† Problematic lithologies are detailed in SR 16 section 3.5.2.

Potential for sulphide (pyrrhotite-related) deterioration of concrete block | Sample 7

No

Yes*

* Damage caused to property by the premature deterioration of concrete due to the presence of the sulphide
mineral pyrrhotite in the aggregate has been a known problem in a number of locations worldwide 1, but the
mechanisms of deterioration are not fully understood. The availability of oxygen and moisture are thought to
be  contributing  risk  factors2.  However,  understanding  and  quantifying  the  degree  of  risk  posed  by  the
presence  of  pyrrhotite  in  aggregate  is  the  subject  of  ongoing  research 3.  Consequently,  the  overall
classification of the concrete for sulphide degradation according to the IS 465 classification scheme risk
classes (i.e. Negligible, Low/Medium, High, Critical) cannot be confidently  stated on the basis  of current
knowledge. The risk from sulphide (pyrrhotite) degradation may prove to be subordinate to that posed by
micaceous aggregate to increased freeze-thaw susceptibility. Nevertheless,  the combination of individual
risk factors, chiefly the presence of significant pyrrhotite occurring in problematic lithologies, mean that the
risk of future deterioration from sulphide degradation / pyrrhotite oxidation cannot be ruled out. 

Key findings for sulphide degradation

1. Sample 7 was selected in consultation with the Chartered Engineer to represent the
concrete classified as High Risk by Suite A examination. All samples of this concrete
type demonstrated very similar characteristics by simplified petrography and would
be  expected  to  be  equally  susceptible  to  deterioration  from  potential  sulphide
degradation, as demonstrated by the risk factor assessment on the selected sample.

2. The  chemically  determined  residual  sulphide  mineral  content  was  calculated  as
0.62% for  sample 7 (assuming  all  sulphide  present  as  pyrrhotite).  Acid  soluble
sulphate  (AS)  content  was  reported  as  0.23% SO4 and  water  soluble  sulphate
(WSS) content was reported as  499 mg/l SO4. The AS value does not exceed the
guidance value of 0.5% SO4 mentioned in Annex E of IS 465:2018+A1:2020 as a

1 e.g. (a) Trois-Rivières area, Québec, Canada; see Deterioration of Concrete by the Oxidation of Sulphide Minerals in the Aggregate,  
Duchesne and Fournier, Journal of Civil Engineering and Architecture, Aug. 2013, Volume 7, No. 8 (Serial No. 69), pp. 922-931. Link
(b) Tagnit-Hamou et al, 2005, Internal deterioration of concrete by the oxidation of pyrrhotitic aggregates. Link 

2 For a description of sulphide oxidation in concrete block subject to ‘Mundic’ degradation, see Bromley, A., A compendium of concrete 
aggregates used in Southwest England, Chapter 2, 2002, www.petrolab.co.uk 

3 Impact of sulphide minerals (pyrrhotite) in concrete aggregate on concrete behaviour. Workshop Proceedings No. 14 from a Nordic 
Workshop. Oslo, Norway 15.-16. November, 2018. Nordic Concrete Federation. Link.
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value of sulphate that would not be considered abnormal in a standard concrete
block. However, the total sulphur (TS,  0.31%1) exceeds the sum total of the 0.1%
value mentioned in Annex E as a typical contribution to TS from the cement for a
standard block and the  ≤0.1% limit for use in concrete for aggregates containing
pyrrhotite2. The chemical analysis results therefore demonstrate that the aggregate
would not meet the current TS requirement for the use of aggregates in concrete. 

3. The  presence  of  pyrrhotite  is  confirmed  by  SEM-EDX  examination  and  is  the
dominant sulphide mineral in this sample. The pyrrhotite is hosted in phyllite and
micaceous  quartzite  aggregate  fragments,  which  are  neither  strong  nor  durable.
Irish Standard EN 12620:2002 and Irish national guidance S.R. 16:2016 limit total
sulphur  in  aggregate  for  use  in  concrete  to  ≤0.1%S  for  aggregates  containing
pyrrhotite3. The  total  sulphur  in  this  sample,  after  S  in  the  cement  has  been
accounted for, remains well in excess of this limit.  Although widespread aggregate
related deterioration has not been observed and the concrete in this sample remains
apparently  sound,  the  presence  of  significant  pyrrhotite  occurring  in  problematic
lithologies  means  that risk  of future  deterioration  from  sulphide  degradation  /
pyrrhotite oxidation cannot be ruled out. The Engineer should consider the findings
outlined herein, in conjunction with their entire assessment, when recommending
remedial works.

Other testing

The results of the requested sub-contracted testing are summarised in the table below.
(Full results certificates can be found in the appendices.)

Table 3 · Other testing results

Test Sample Location Result

Compressive strength 2 outer leaf, below DPC 8.5 MPa

Compressive strength 8 inner leaf, above DPC 11.2 MPa

Cement content 7 inner leaf, above DPC 4.8%

1 Total sulphur was determined by both the gravimetric and high temperature combustion (HTC) methods according to EN 1744 
(clause 11.1 & 11.2 respectively). The result shown is by the preferred HTC method, as the gravimetric method has been stated as 
likely to seriously underestimate pyritic sulphur in some circumstances (Czerewko et al 2016, Standardized terminology and test 
methods for sulphur mineral phases for the assessment of construction materials and aggressive ground. QJEGH 2016-010, Vol. 49,
pp. 245-265).

2 I.S. EN 12620:2002  and S.R. 16:2016 – Guidance on the use of I.S. EN 12620:2002 – Aggregates for concrete.
3 S.R. 16:2016 – Guidance on the use of I.S. EN 12620:2002 – Aggregates for concrete. See Annex B, Table B.7.

Tullyrap, Raphoe, Co Donegal F93 H3C2
CO5003(b) 26/11/2021

Issued by Petrolab Ltd
Page: 4 of 15



Report summary | Scope and samples  | Aggregates | Binder | Voids | Fractures | Composition | Images | Glossary

I.S. 465:2018+A1:2020 Test Suite B Advanced Survey Solutions

Scope and sample details

Eight samples of concrete were supplied by Advanced Survey Solutions on 01/05/2021 for
petrographic examination. Sample details, as received, are shown in the table below.  The
samples were reported to be from concrete blocks within a dwelling in  Tullyrap, Raphoe,
Co Donegal F93 H3C2.

Table 4 · Samples received

Sample
ref.

Type Mass (g) Location

1 core (100 mm) 5616 NE elevation (side), Outer Leaf, Below DPC

2 core (100 mm) 5546 NE elevation (side), Outer Leaf, Below DPC

3 core (100 mm) 1724 NE elevation (side), Outer Leaf, Above DPC

4 core (100 mm) 1768 SE elevation (front), Outer Leaf, Above DPC

5 core (100 mm) 1819 SW elevation (side), Outer Leaf, Above DPC

6 core (100 mm) 1868 NW elevation (rear), Outer Leaf, Above DPC

7 core (100 mm) 1778 NE elevation (side), Inner Leaf, Above DPC

8 core (100 mm) 1830 SW elevation (side), Inner Leaf, Above DPC

The submitted samples were initially subjected to a Test Suite A examination in accordance
with the requirements in I.S. 465:2018+A1:20201 (see report  CO5003 IS465 Test Suite A
15/06/2021).  The  concrete  in  the  samples  was  classified  as  High  Risk  due  to  the
abundance of potentially problematic  lithologies / minerals (mica-bearing aggregate).  A
recommendation was made for Test Suite B detailed petrographic examination on sample
7 (selected to represent the concrete classified as High Risk by Suite A examination) and
the results of this were reported (see original report issue CO5003(a), 27/08/2021).

This  report  issue  is  an  update  to  that  Test  Suite  B report  including  further  analysis  to
examine the risk of sulphide degradation of sample 7 (selected to similarly represent the
concrete classified as High Risk by Suite A examination).  Cement content, total sulphur,
acid  soluble  sulphate  and  water  soluble  sulphate  testing  were  undertaken  by  Nicholls
Colton Analytical. The chemical analysis results for sample 7 are included in Appendix 1.
SEM-EDX analysis for sulphides on part of sample 7 was undertaken and the results are
provided in Appendix 3. 

1 IS 465:2018+A1:2020 Assessment, testing and categorisation of damaged buildings incorporating concrete blocks containing certain 
deleterious materials.
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Test Suite B petrographic examination

Aggregates

Table 5 · Aggregate details

Aggregate Abundance 66.2%

Aggregate 1 crushed gravel Proportion 60%

Major components partly weathered sandstone, greywacke, partly cleaved micaceous quartzite

Minor components schist, quartz, siltstone, calcite, muscovite, chlorite, K feldspar, plagioclase, iron oxides

Sulphide minerals rare pyrite - locked in sandstone Visual estimate traces 
only

Size range < 50 µm to  15 mm Average 7 mm

Grading good Roundness angular – rounded

Shape equant – oblate Sphericity low to high

Alteration none seen

Pervasive oxidation none seen

Iron oxide crusts none seen

Internal cracking present in quartzite

Peripheral cracking rare, mainly around quartzite (up to 50 µm wide)

Radial cracking none seen

Spalling into voids none seen

Other alteration none seen

Aggregate 2 crushed phyllite Proportion 40%

Major components cleaved phyllite, partly cleaved micaceous quartzite

Minor components calcareous quartzite, quartz, calcite, muscovite, chlorite, K feldspar, plagioclase

Sulphide minerals pyrrhotite, minor pyrite and chalcopyrite, rare marcasite – 
anhedral coarse clusters locked in phyllite and quartzite 
and disseminated in cement matrix

Visual estimate 1-2%

Size range < 50 µm to  15 mm Average 7 mm

Grading good Roundness angular – sub-angular

Shape equant – oblate Sphericity low

Alteration trace in situ oxidation

Pervasive oxidation patchy limonitisation of phyllite, sandstone, schist and quartzite aggregate fragments

Iron oxide crusts rare crusts and/or haloes on sulphide grains, phyllite and weathered sandstone (<120 µm)

Internal cracking common in phyllite, present in quartzite, typically lamination parallel (<150 µm)

Peripheral cracking rare, mainly around phyllite (up to 50 µm wide)

Radial cracking none seen

Spalling into voids rare from phyllite

Other alteration none seen
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The  concrete  is  dominated  by  a  crushed  sandstone  gravel  with  other  constituents  of
greywacke  and  micaceous  quartzite,  and  rare  weathered  schist  fragments.  The  other
aggregate is a crushed phyllite (metamorphosed mudstones and siltstones) and micaceous
quartzite (metamorphosed impure sandstones, including metamorphosed greywacke with
irregular sized quartz clasts). There are also rare calcareous quartzite fragments, which
have  probably  been  derived  from metamorphosed  calcareous sandstones. The schists
contain  visible  interlayered  coarse  biotite  and  muscovite  which  indicates  a  moderate
degree of metamorphism. However, abrasion of schist fragments is likely to contribute to
the free mica content of the binder. The dominant aggregate (crushed phyllite) rocks have
not been sufficiently metamorphosed to form schist, as the “mica” crystals (interlayered
muscovite and chlorite) are too fine grained to be visible to the naked eye. The presence of
chlorite and absence of biotite are also indicative of a fairly low grade of metamorphism.

Abundant  platy  muscovite  and  chlorite  crystals  <10  µm  long  are  abraded  from  the
aggregate and present throughout the binder. High amounts of liberated mica and other
phyllosilicates are undesirable in aggregate since they increase water demand of concrete
due to the hydrophilic nature of the cleavage planes. They also have a tendency to flake
along cleavage, which can lead to spalling of aggregate fragments and microfracturing into
the  binder.  Although  very  little  fracturing  is  visible  in  transmitted  light,  fluorescence
microscopy  shows  evidence  of  common  cleavage  parallel  fracturing  associated  with
phyllite aggregate but no visible radial cracking.

The gravel aggregate only contains traces of pyrite as the majority are oxidised to iron
oxides but  there  is  even  a  low abundance of  these (visual  estimate  traces only).  The
phyllite  aggregate  contains  appreciable  amounts  of  pyrrhotite,  with  additional  pyrite,
chalcopyrite and trace marcasite. The presence of sulphides, particularly the more unstable
pyrrhotite  and  marcasite,  is  cause  for  concern  due  to  the  potential  for  oxidation  and
subsequent  production  of  expansive  cracking  and  associated  secondary  sulphate
minerals. The pyrrhotite and rare intergrown pyrite/marcasite in this sample show evidence
of local oxidation, particularly of liberated crystals in the binder, however there are only rare
in situ oxide impregnation haloes around sulphide rich aggregate fragments and liberated
grains.  It  is  likely  that  most  pyrrhotite  oxidation  seen  occurred  prior  to  concrete
manufacture, probably during stockpiling. The aggregate mostly appears unweathered.
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Binder

The binder is Portland-type cement, probably OPC. It is completely carbonated.

The main properties of the carbonated paste are summarised below.

Table 6 · Carbonated binder

Fine-grained paste Abundance 22.4%

Abundance common

Distribution most common textural variant 

Size range < 1 µm to 5 µm Texture compact, uniform

Relict clinker grains present, mainly hydrated alite 

Residual gel present Maximum size (µm) 100

Morphology irregular Interconnectivity isolated

Granular iron oxide rare Maximum size (µm) 40

Secondary minerals very rare iron oxide impregnation adjacent to oxidised aggregate fragments

Coarse-grained paste

Abundance present

Distribution irregular patches throughout binder

Size range 5 µm to 10 µm Texture microgranular/inequigranular

Relict clinker grains rare, mainly hydrated clinker clusters

Residual gel abundant Maximum size (µm) 150

Morphology irregular Interconnectivity generally low

Granular iron oxide present Maximum size (µm) 50

Microporosity moderate to high Pore size < 10 µm 

Secondary minerals very rare iron oxide impregnation adjacent to oxidised aggregate fragments

Snowflake calcite

Abundance none seen

The texture and mineralogy of the carbonated paste in the sample are characteristic of
natural atmospheric carbonation of high microporosity concrete with minor recrystallisation
and  leaching.  There  is  no  evidence  of  any  secondary  sulphates  or  gels  visible  in
carbonated binder.

The  binder  shows  evidence  of  local  iron  oxide  impregnation around  rare  oxidised
aggregate  fragments.  It  also  contains  abundant  micaceous  aggregate  dust  comprising
muscovite and chlorite fragments, typically <10 µm long and <1 µm wide. Due to the size
and overlapping of grains, much of this mica dust is difficult to distinguish from the binder
texture  and  therefore  SEM analysis  is  required  to  quantify  the  amount  of  “free  mica”
present (see Appendix 2).
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Voids

The main features of the air void system are summarised in the table below.

Table 7 · Voids

Void system

Modal volume 11.4% Shape spherical – irregular

irregular voids predominate

Size range 50 µm to 6 mm Average size 2 mm

Interconnectivity moderate to high

Secondary minerals

microcrystalline calcite common

Alteration at void walls none seen

The void  distribution  consists  of  small  sub-spherical  air  voids  within  larger  patches  of
binder, interspersed with large, partly connected irregular voids. The void level is within
normal  limits  for  concrete  block.  The majority  of  voids  are  either  unlined  or  lined  with
microcrystalline calcite. There is no evidence of significant moisture ingress which would
be associated with common secondary mineral fills in voids.
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Fractures

Table 8 · Fractures

Anastomosing microcracks

Abundance none seen

Peripheral fissures

Abundance rare

Distribution mainly around phyllite

Maximum aperture 40 µm Average aperture 10 µm 

Secondary minerals

Mineral 1 microcrystalline calcite Abundance rare

Mineral 2 iron oxides Abundance very rare

Alteration at crack walls local oxide impregnation of binder – very rare

Fractures related to degradation

Abundance present

Distribution common internal fractures in phyllite, schist and quartzite

Maximum aperture 50 µm Average aperture 10 µm

Secondary minerals

Mineral 1 microcrystalline calcite Abundance rare

Alteration at crack walls none seen

Peripheral fissures at the margins of aggregate fragments may be formed as a result of in
situ aggregate shrinkage or by dissolution of portlandite. They are not important unless
excessive  aggregate  shrinkage  has  occurred  or  they  have  become  incorporated  into
pervasive fracture systems propagated by expansive mineral growth.

Phyllite and quartzite fragments show common internal cleavage parallel microfracturing in
fluorescent light but there are very few fractures >10 µm wide. The fractures terminate at
aggregate edges, indicating they probably occurred during aggregate processing rather
than as a result of in situ expansion. 

There is no evidence of significant degradation-related fracturing of the binder.
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Composition

The  volumetric  composition  of  the  concrete  was  determined  by  modal  analysis.  Five
hundred  points  were  counted  from  the  thin  section.   The  modal  analysis  values  for
aggregate and binder are then corrected for the free mica in binder content (16%) derived
from SEM analysis (see appendix 2).

Composition Sample 7 Mica corrected

Aggregate 66.2% 69.8%

Binder 22.4% 18.8%

Void 11.4% 11.4%

The  void  content  of  the  concrete  is  within  normal  limits  of  a  concrete  block.   The
water/cement ratio  cannot  be  estimated due to  complete carbonation  of  the binder  but
observations of the binder indicate it is likely to be high (0.5 – 0.6).  A preferred value of
0.55 has  been  used  to  derive  an  approximate  cement  content.  Chemical  analysis  for
cement  content  is  not  currently  a  requirement  of  IS  465  for  mica  blocks  and  the
petrographic estimate is included in this report simply as an additional reference.

Table 9 · Estimated (theoretical) mix design

Volume Density w/c

Component % (kgm3)    Estimated mix design 0.55

Aggregate 69.8 2650 Aggregate 2087 kgm3

Binder 18.8 3120 Cement 244 kgm3

Voids 11.4 Water 134 kgm3

Total 100 Density 2465 kgm3

Fluorescent intensity range      0.5-0.6

Preferred water/cement ratio 0.55

Maximum aggregate size, mm 20 crushed Calculated cement content 9.9%

NOTE: It must be emphasised that the estimation of concrete mix design by petrographic methods is subject 
to many potential errors. It should not be used as a substitute for appropriate and approved methods of 
chemical analysis and physical testing.

Images

Colour images (scanned images and annotated photomicrographs of the sample) begin
over-page.
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Photographs | Sample 7

A Sample 7

General view of sample showing all 
main phases.

Image A

Nikon D7000 digital camera

Daylight balanced oblique light

Section(s)

A Sample 7

Low magnification view of sample thin 
section.

Image A

Epson scanner

White cold cathode light
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Photomicrographs

500 µm

chloritised 
sandstone

weathered 
sandstone

void

phyllite

B Sample 7

General view of sample showing 
gravel constituents of chloritised and 
weathered sandstone fragments.

Image B

Nikon Microphot-FXA petrological 
microscope

Plane polarised transmitted light

x40

500 µm

chloritised 
sandstone

weathered 
sandstone

void

phyllite

C Sample 7

Cross polarised light image of previous
photo.

Image C

Nikon Microphot-FXA petrological 
microscope

Cross polarised transmitted light

x40
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250 µm

iron oxides

pyrite

D Sample 7

Reflected light image showing strongly
oxidised pyrite grain.

Image D

Nikon Microphot-FXA petrological 
microscope

Plane polarised reflected light

x100
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Glossary of terms used in the petrographic description

Alkali-silica reaction (ASR) – This is by far the most common form of alkali-aggregate reaction (AAR) and 
is an expansive reaction that can take place in concrete when alkaline pore fluids react with a siliceous 
aggregate to form alkali-silica gel. Petrographic examination is the definitive method for the detection of 
this form of concrete deterioration.

Anastomosing microfractures – Network cracking commonly seen in thin sections of hardened concrete 
and usually restricted to the cement paste. They are often presumed to form at an early stage in response 
to slight dehydration shrinkage and their observed presence is generally not considered significant.

Alite – Tricalcium silicate (3CaO.SiO2) (C3S). A calcium orthosilicate and makes up the dominant part of 
Portland cement clinker. Forms large euhedral pseudo-hexagonal crystals. 

Belite – Dicalcium silicate (2CaO.SiO2) (C2S). A calcium orthosilicate present as a constituent of Portland 
cement clinkers. 

CSH – See Hardened cement paste.

Ferrite – Calcium aluminoferrite (4CaO. Al2O3.Fe2O3) (C4AF). A constituent of Portland cement clinker and 
forms an impure solid solution series in hydrated cement that deviates markedly in composition from the 
simple chemical formula.

 Fractures – Fractures (cracks) are classified by size using the following terms:
• Macrofractures: These are cracks that are readily visible to the naked eye without the aid of a stereo 

binocular microscope and are typically >>0.1mm wide.
• Fine fractures: These are cracks that are only readily visible with a stereo binocular microscope or in 

thin section. Cracks of this type are typically between 0.01 and 0.10 mm wide. 
• Microfractures:  These cracks  cannot  be  detected  with  a  stereo  binocular  microscope.  They  are

typically  <0.01 mm  wide  and  are  most  easily  seen  in  petrographic  thin  sections  containing
fluorescent dye and by using fluorescent illumination. 

Hardened cement paste – The cementitious matrix (or binder) between aggregate particles. The four 
principle Portland cement constituents C3S (alite), C2S (belite), C3A (tricalcium aluminate) and C4AF (ferrite)
are each hydraulic and thus react with water on mixing to form a range of hydrated cement phases and 
calcium hydroxide. These have the general identification of calcium, silicate hydrates or C-S-H. 

Microporosity/ Porosity – This term is distinct from void content.  It refers to microscopic (less than 10 µm
in diameter) pores in hydrated cement paste. Two types are recognised, gel pores in CSH gel and slightly 
larger capillary pores originally occupied by air or mix water not used in the hydration. Capillary porosity 
allows water movement through the cementitious matrix, whereas the smaller gel pores are mostly isolated
so have minimum permeability. 

Peripheral fissures – Cracks that develop around aggregate particles in hardened concrete sometimes 
produced as a result of in situ aggregate shrinkage or by dissolution or ettringite replacement of 
portlandite. They are not important unless excessive aggregate shrinkage has occurred or they have 
become incorporated into pervasive fracture systems propagated by expansive mineral growth. 

Portland cement – Portland cement is the most common form of binder used in concrete and is 
manufactured by heating crushed limestone and clay or shale at temperatures in excess of 1200 oC. There 
are many forms of Portland cement and it is commonly possible to distinguish sulphate-resisting and white 
Portland cement and ordinary Portland cement using petrographic thin sections.

Portlandite - Calcium hydroxide mineral name, Ca(OH)2, one of the products of Portland cement hydration.
Portlandite crystals tend to be more abundant and more coarsely crystalline as the water content of 
concrete mix is increased. 

Void – A space in cement paste, mortar, or concrete filled with air; an entrapped air void is 
characteristically 1 mm or more in size and irregular in shape. Air voids can be described as entrained 
(typically <1 mm sized) or entrapped (typically >1 mm sized). Entrained air voids are a deliberate addition 
that can improve the durability of a concrete. 

Water/cement ratio  – The ratio by weight between the water and cement in a concrete mix. In general
terms the ratio may be considered Low (<0.35), Moderate (0.35 – 0.65) and High (>0.65). 
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Appendix 1 · Ancillary testing

Nicholls Colton Analytical test reports:

• Compression testing

• Chemical analysis

• Cement content
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Appendix 2 · SEM analysis (mica testing)
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SEM/EDX phase mapping

Introduction and background

As  a  supplement  to  the  Suite  B  detailed  (thin  section)  petrography,  SEM analysis  on
sample 7 was also undertaken to quantitatively (as opposed to qualitatively) determine the
proportion of ‘free’ muscovite mica in the binder1. 

The amount of free (liberated) muscovite mica in the fines (<63 µm) as a proportion of the
binder is suggested to be a key risk factor for mica degradation in low cement content
concrete  blocks.  It  cannot  be  reliably  measured  by  optical  microscopy  in  carbonated
concrete, chiefly because of reduced contrast between the muscovite mica and binder, the
small size of the muscovite mica flakes and their similarity to altered mica in the form of
chlorite.

Methods of investigation

Analysis was undertaken on the same 45 mm x 30 mm epoxy resin vacuum impregnated
sub-sample of the selected specimen used for thin section preparation. This sample ‘chip’
was polished and carbon coated prior to SEM examination.

Three areas of  interest  (AOI)  were  selected at  appropriate  magnifications to  represent
typical  binder  composition  in  each  sample.  Coarse  aggregate  particles  and  significant
voids  were  excluded.  Each  AOI  was  analysed  using  a  ZEISS  EVO MA 25  scanning
electron microscope (SEM)2 fitted with two Bruker xFlash 6|60 x-ray detectors for energy-
dispersive X-ray spectroscopy (EDX) analysis. Images and EDX phase maps of the AOI
were acquired using Bruker Esprit software 2.1.

Image post-processing  and area measurement were  carried  out  using  Fiji/ImageJ 1.47
image analysis software and plugins3.

Analysis results

Proportion of free muscovite mica in the binder

The  table  below  summarises  the  AOI  measurements  of  each  phase  and  shows  the
calculated average proportion of free muscovite mica in the binder is  16%. EDX phase
maps follow after the table.

1 SEM analysis undertaken in accordance with I.S. 465:2018+A1:2020, 7.6 Test Suite C – Additional testing, and the guidance in Annex
C.

2 SEM system located at Petrolab Ltd, Redruth, UK.
3 Johannes Schindelin, Ignacio Arganda-Carreras, Erwin Frise, Verena Kaynig, Mark Longair, Tobias Pietzsch, Stephan Preibisch, 

Curtis Rueden, Stephan Saalfeld, Benjamin Schmid, Jean-Yves Tinevez, Daniel James White, Volker Hartenstein, Kevin Eliceiri, Pavel
Tomancak and Albert Cardona (2012) Fiji: an open-source platform for biological-image analysis, Nature Methods 9(7): 676-682. 
Versatile Wand plugin tool by Michael Schmid.
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(Vol%) AOI 1 AOI 2 AOI 3

Fine aggregate 7.6% 11.0% 8.4%

Free muscovite mica 14.4% 15.8% 14.4%

Binder 78.0% 73.1% 77.2%

Free muscovite proportion of binder 15.6% 17.8% 15.7%

Average free muscovite proportion of binder 16%
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EDX phase maps

1 Sample 7

AOI 1.

Image 1

ZEISS EVO MA-25 SEM

Backscatter electron (BSE) mode

2 Sample 7

AOI 2.

Image 2

ZEISS EVO MA-25 SEM

Backscatter electron (BSE) mode

3 Sample 7

AOI 3.

Image 3

ZEISS EVO MA-25 SEM

Backscatter electron (BSE) mode

Remarks: BSE field images with overlays showing the measured AOI of binder (outlined yellow), EDX phase maps for 
K (red - muscovite mica), Na (yellow – feldspar), Fe (green – pyrrhotite and chlorite) and Si (cyan – quartz).
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Appendix 3 · Manual SEM analysis (sulphide testing)
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SEM/EDX point and identification

Introduction and background

As  a  supplement  to  the  Suite  B  detailed  (thin  section)  petrography,  SEM analysis  on
sample 8 was also undertaken to qualitatively determine the presence of pyrrhotite (± other
sulphides) within the sample. 

The chemical  formula of pyrrhotite is Fe(1-x)S (typical  composition 62.33%Fe, 37.67%S).
The amount of Fe can vary, but is always higher than S.
The chemical formula of pyrite is FeS2 (typical composition 46.55%Fe, 53.45%S).

Methods of investigation

Analysis was undertaken on a 45 mm x 30 mm epoxy resin  vacuum impregnated sub-
sample  of  Core  8.  This  sample  ‘chip’  was  polished  and  carbon  coated  prior  to  SEM
examination.

Three  areas of  interest  (AOI) were  selected at  appropriate  magnifications to  represent
typical sulphide presence in each sample. Each AOI was analysed using a ZEISS EVO MA
25 scanning electron microscope (SEM)1 fitted with two Bruker xFlash 6|60 x-ray detectors
for energy-dispersive X-ray spectroscopy (EDX) analysis. Images and EDX spectra / point
compositions of the AOI were acquired using Bruker Esprit software 2.1.

Analysis results

Selected images showing analysis point locations, composition tables and element spectra
were acquired and are presented over page:

1 SEM system located at Petrolab Ltd, Redruth, UK.
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Figure 1: BSE image and selected spectra

Pyrrhotite Zircon

Selected point analyses of Figure 1 showing partially oxidised pyrrhotite grains, rare pyrite and zircon.
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Spectrum O Si S Fe Zr Mineral

CO5003-7 1 36.67 63.33 Pyrrhotite

CO5003-7 2 36.88 63.12 Pyrrhotite

CO5003-7 3 27.18 11.57 52.91 Zircon

CO5003-7 4 50.15 49.85 Pyrite
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Figure 2: BSE image and selected spectra

Pyrite Iron Oxides

Selected point analyses of Figure 2 showing an oxidised pyrite grain, as well as pyrrhotite.
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Spectrum Oxygen Sulfur Iron Mineral

CO5003-7 1 51.41288349 48.5871165 Pyrite

CO5003-7 2 17.358418 82.6415822 Fe Oxides

CO5003-7 3 38.11077048 61.8892295 Pyrrhotite
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Figure 3: BSE image and selected spectra

Selected point analyses of Figure 3 showing heavily oxidised pyrite grains.

Pyrite Fe Oxides
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Spectrum Oxygen Sulfur Iron Mineral

CO5003-7 1 15.270162 84.729838 Fe Oxides

CO5003-7 2 50.16158557 49.8384144 Pyrite

CO5003-7 4 14.183445 85.8165552 Fe Oxides

CO5003-7 3 51.5645763 48.4354237 Pyrite
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Petrographic methods of investigation for hardened concrete

Preliminary examination

The submitted sample / specimens are examined as received, and after careful washing to remove
loose debris, using a Nikon SMZ-U stereomicroscope.  The microscope has a continuous zoom range
of 7.5x to 75x and it is equipped with a 150W continuous ring, fibre optic illuminator. It is useful for the
preliminary examination of materials and it is possible to discriminate and sometimes identify features
as small as 100 µm in size. The microscope has a trinocular head and can be used for low power
photomicrography.  The  main  purpose  of  the  preliminary  examination  is  to  identify  the  degree  of
consistency  or  variability  in  the  submitted  sample  /  specimens  and  any  superficial  evidence  of
deterioration.  This facilitates the selection of the most appropriate specimen(s) for a full petrographic
examination when multiple specimens of the same concrete type are submitted.

Sample preparation

Following preliminary examination, the selected specimen is cut in half parallel or perpendicular with
its  axis  (to suit  the objectives  of  the investigation).  One half  of  a cut  specimen may be carefully
ground, finishing with #600 grit carborundum powder.  At least one standard petrographic thin section
is prepared from each selected specimen.  Additional thin sections may be prepared from a large
specimen in order to investigate variation in the concrete or to suit the objectives of the investigation.
The cut specimen, used for section preparation, is typically vacuum impregnated with a low viscosity
epoxy resin containing a yellow fluorescent dye.  A high resolution, low magnification digital image of
each thin section is prepared using a film scanner. This type of image is useful  for illustrating the
mesostructure of the concrete.

Microscopic examination

High-power  microscopy  is  undertaken  using  a  Nikon  research  polarising  microscope.  The  thin
section(s)  may  be examined in  both  plain  and cross-polarised  light,  and reflected  ultraviolet  light
creating secondary fluorescence.  Digital photomicrographs are taken using a Nikon digital camera
fitted to the trinocular head of the microscope. 

Quantitative investigations

Modal  analysis  to  determine  the  concrete  composition  is  performed  using  a  Pelcon  64  channel
electromechanical point counter using stepping and traverse intervals of 0.5 mm. Five hundred points
are counted from each thin section (provided the area of the sample represented on the thin-section is
sufficient).  Water/cement  ratios  for  uncarbonated  concrete  can  be  estimated  by  the  petrographic
comparison  of  the  fluorescent  intensity  of  the  paste  with  that  of  standard  mortars  viewed  under
carefully controlled reflected ultraviolet illumination.  An estimated mix design may be calculated for
standard Portland-type cement without cement substitutes.

Other testing

In some circumstances, additional (non-petrographic) testing using an appropriate chemical or 
physical testing procedure may be undertaken by an approved laboratory.  When undertaken, the test 
certificate and the results obtained are provided in an appendix to the main body of the report.
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Report summary

Risk factor assessment for mica degradation | Sample 8

The petrographic evaluation of the examined sample for susceptibility to deterioration due
to  freeze-thaw  has  subjectively  taken  into  account  the  factors  of  significance  and  the
assessed risks shown in the table below.

Table 1 · Risk factor assessment for mica degradation

Factor¹
Method

(Visual-V/
Microscopy-M/SEM)

Amount² Risk level (1-4)³

Visible evidence of 
deterioration

V / M sound but potentially susceptible 3

Free muscovite mica (as % 
of cement paste)

M / SEM common (8%) 3

Evidence of moisture ingress M rare 1

Microcracking M locally common in aggregate 2

Degradation of cement 
matrix/Leaching

V / M
trace iron oxide impregnation, local

patchy leaching
2

Microporosity M high 3

¹ Factors of significance chosen are derived from Table 3 in 7.7.3 of IS 465:2018+A1:2020.

² Amount is relative: Not identified < Rare < Present < Common < Abundant.

³ Risk (of mica degradation) levels subjectively take into account both amount and context: 1 – Negligible; 2 – 
Low/Medium; 3 – High; 4 – Critical.

Concrete block classification | Sample 8

Negligible Risk

Low/Medium Risk

High Risk

Critical Risk

Although the levels of aggregate related deterioration are currently limited and the concrete
in this sample remains sound, the abundance of problematic lithologies (phyllite and free
mica)  means  the  concrete  should  be  considered  as  displaying  high  susceptibility  to
deterioration from potential freeze-thaw damage.1

Due  to  the  observed  abundance  of  pyrrhotite  /  other  sulphides  it  is  recommended  to
determine  and  consequently  evaluate  the  risk  of  concrete  deterioration  from  sulphide
degradation.

Key findings for mica degradation

1. Sample  8 was selected in consultation with the Chartered Engineer to represent
concrete classified as High Risk by Suite A examination. All samples of this concrete
type demonstrated very similar characteristics by simplified petrography and would

1 Concrete deemed to have increased susceptibility to deterioration may not always exhibit evidence of deterioration under 
petrographic examination. This does not rule out the possibility of actual damage having occurred in concrete blocks that have not 
been sampled or examined.
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be expected to be equally susceptible to deterioration from potential  freeze-thaw
damage, as demonstrated by the detailed petrographic evaluation of the selected
sample.

2. The  concrete  in  sample  8 is  composed  of  a  quarried  phyllite  and  micaceous
quartzite aggregate.

3. Both  phyllite  and quartzite  contain  abundant  fine  grained phyllosilicate  minerals,
including  interlayered  muscovite  mica  and  chlorite.  Abrasion  of  these  aggregate
fragments has produced high amounts of free mica in the concrete binder and this is
associated with significant risk of freeze-thaw damage in concrete. 

4. SEM analysis of the binder (see Appendix 2) quantifies the average content of free
muscovite  mica  at  8% by volume of  cement paste.  This  is  considered to  be an
underestimate as discrimination of free mica by SEM analysis is not absolute. There
is also evidence of free chlorite, which is also a phyllosilicate and could behave
similarly to muscovite in cement. The amount of free mica is excessive. While there
are no published limits for free mica content of aggregates in European or American
standards, it has been reported that in most cases of poor concrete block durability
due to micaceous aggregates that the free mica content of the binder is typically
>5% by volume of the paste1.

5. The aggregate (particularly phyllite) contains appreciable amounts of pyrrhotite, with
rare  pyrite,  marcasite  and  chalcopyrite  (visual  estimate  1-2%).  The  presence  of
sulphides is cause for concern due to the potential  for oxidation and subsequent
production  of  expansive  cracking  and  associated  secondary  sulphate  minerals.
Although  there  is  evidence  of  local  in  situ oxidation  of  pyrrhotite,  pyrite  and
marcasite, the majority of oxidation appears to pre-date concrete manufacture and
there is no evidence of expansive cracking or high levels of secondary sulphates in
the binder or voids. However the concrete should be considered at risk of future
sulphate attack due to the oxidation of pyrrhotite.

6. The texture and mineralogy of the carbonated paste in the sample are characteristic
of  natural  atmospheric  carbonation  of  high  microporosity  concrete  with  minor
recrystallisation and leaching. There is no evidence of any secondary sulphates or
gels visible in carbonated binder.

7. The void level in the concrete is normal for concrete block. There is no evidence of
significant  moisture  ingress which  would  be associated  with  common secondary
mineral fills in voids.

8. Phyllite  and  quartzite  fragments  show  common  internal  cleavage  parallel
microfracturing in fluorescent light but there are very few fractures >10 µm wide. The
fractures terminate at aggregate edges, indicating they probably occurred during
aggregate processing rather than as a result of in situ expansion.

9. There is no evidence of significant degradation-related fracturing of the binder.

1 Eden & Vickery, Sandberg LLP. Investigating the causes of deterioration in concrete blocks in Southern Ireland. 17th EMABM, 
University of Toronto, Toronto, Canada, May 20-23, 2019
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Risk factor assessment for sulphide degradation | Sample 8

Table 2 · Risk factor assessment for pyrite or other sulphide degradation

Factor¹
Method (Visual – V,

Microscopy – M/SEM,
Chemistry – C)

Amount² Risk level (1-4)³

Visible evidence of / susceptibility
to deterioration

V / M sound but potentially susceptible 3

Problematic lithologies†, sulphide 
bearing phyllite and quartzite

V / M majority of aggregate, >>50% 4

Gypsum/ secondary sulphates M / C AS 0.18%, WSS 636 mg/l 2

Reactive sulphides M / SEM/ C
common pyrrhotite, chemistry

2.4%, local oxidation
4

¹ Factors of significance chosen are derived from Table 5 in 7.8.3 of IS 465:2018+A1:2020.

² Amount is relative: Not identified < Rare < Present < Common < Abundant. Porosity: Low, Moderate, High, Very 
High.

³ Risk (of sulphide degradation) levels subjectively take into account both amount and context: 1 – Negligible/Low; 2 
– Moderate; 3 – High; 4 – Very High.
† Problematic lithologies are detailed in SR 16 section 3.5.2.

Potential for sulphide (pyrrhotite-related) deterioration of concrete block | Sample 8

No

Yes*

* Damage caused to property by the premature deterioration of concrete due to the presence of the sulphide
mineral pyrrhotite in the aggregate has been a known problem in a number of locations worldwide 1, but the
mechanisms of deterioration are not fully understood. The availability of oxygen and moisture are thought to
be  contributing  risk  factors2.  However,  understanding  and  quantifying  the  degree  of  risk  posed  by  the
presence  of  pyrrhotite  in  aggregate  is  the  subject  of  ongoing  research 3.  Consequently,  the  overall
classification of the concrete for sulphide degradation according to the IS 465 classification scheme risk
classes (i.e. Negligible, Low/Medium, High, Critical) cannot be confidently  stated on the basis  of current
knowledge. The risk from sulphide (pyrrhotite) degradation may prove to be subordinate to that posed by
micaceous aggregate to increased freeze-thaw susceptibility. Nevertheless,  the combination of individual
risk factors, chiefly the presence of significant pyrrhotite occurring in problematic lithologies, mean that the
risk of future deterioration from sulphide degradation / pyrrhotite oxidation cannot be ruled out. 

Key findings for sulphide degradation

1. Sample  8 was selected in consultation with the Chartered Engineer to represent
concrete type 1 classified as High Risk by Suite A examination. All samples of this
concrete type demonstrated very similar characteristics by simplified petrography
and  would  be  expected to  be  equally  susceptible  to  deterioration  from potential
sulphide  degradation,  as  demonstrated  by  the  risk  factor  assessment  on  the
selected sample.

2. The  chemically  determined  residual  sulphide  mineral  content  was  calculated  as
2.4% for  sample 8  (assuming  all  sulphide  present  as  pyrrhotite).  Acid  soluble
sulphate  (AS)  content  was  reported  as  0.18% SO4 and  water  soluble  sulphate

1 e.g. (a) Trois-Rivières area, Québec, Canada; see Deterioration of Concrete by the Oxidation of Sulphide Minerals in the Aggregate,  
Duchesne and Fournier, Journal of Civil Engineering and Architecture, Aug. 2013, Volume 7, No. 8 (Serial No. 69), pp. 922-931. Link
(b) Tagnit-Hamou et al, 2005, Internal deterioration of concrete by the oxidation of pyrrhotitic aggregates. Link 

2 For a description of sulphide oxidation in concrete block subject to ‘Mundic’ degradation, see Bromley, A., A compendium of concrete 
aggregates used in Southwest England, Chapter 2, 2002, www.petrolab.co.uk 

3 Impact of sulphide minerals (pyrrhotite) in concrete aggregate on concrete behaviour. Workshop Proceedings No. 14 from a Nordic 
Workshop. Oslo, Norway 15.-16. November, 2018. Nordic Concrete Federation. Link.
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(WSS) content was reported as  636 mg/l SO4. The AS value does not exceed the
guidance value of 0.5% SO4 mentioned in Annex E of IS 465:2018+A1:2020 as a
value of sulphate that would not be considered abnormal in a standard concrete
block. However, the total sulphur (TS,  0.96%1) exceeds the sum total of the 0.1%
value mentioned in Annex E as a typical contribution to TS from the cement for a
standard block and the  ≤0.1% limit for use in concrete for aggregates containing
pyrrhotite2. The chemical analysis results therefore demonstrate that the aggregate
would not meet the current TS requirement for the use of aggregates in concrete. 

3. The  presence  of  pyrrhotite  is  confirmed  by  SEM-EDX  examination  and  is  the
dominant sulphide mineral in this sample. The pyrrhotite is hosted in phyllite and
micaceous  quartzite  aggregate  fragments,  which  are  neither  strong  nor  durable.
Irish Standard EN 12620:2002 and Irish national guidance S.R. 16:2016 limit total
sulphur  in  aggregate  for  use  in  concrete  to  ≤0.1%S  for  aggregates  containing
pyrrhotite3. The  total  sulphur  in  this  sample,  after  S  in  the  cement  has  been
accounted for, remains well in excess of this limit.  Although widespread aggregate
related deterioration has not been observed and the concrete in this sample remains
apparently  sound,  the  presence  of  significant  pyrrhotite  occurring  in  problematic
lithologies  means  that risk  of future  deterioration  from  sulphide  degradation  /
pyrrhotite oxidation cannot be ruled out. The Engineer should consider the findings
outlined herein, in conjunction with their entire assessment, when recommending
remedial works.

Other testing

The results of the requested sub-contracted testing are summarised in the table below.
(Full results certificates can be found in the appendices.)

Table 3 · Other testing results

Test Sample Location Result

Compressive strength 2 Outer leaf, below DPC 6.2 MPa

Compressive strength 7 Inner leaf, above DPC 5.0 MPa

Cement content 8 Inner leaf, above DPC 4.2%

1 Total sulphur was determined by both the gravimetric and high temperature combustion (HTC) methods according to EN 1744 
(clause 11.1 & 11.2 respectively). The result shown is by the preferred HTC method, as the gravimetric method has been stated as 
likely to seriously underestimate pyritic sulphur in some circumstances (Czerewko et al 2016, Standardized terminology and test 
methods for sulphur mineral phases for the assessment of construction materials and aggressive ground. QJEGH 2016-010, Vol. 49,
pp. 245-265).

2 I.S. EN 12620:2002  and S.R. 16:2016 – Guidance on the use of I.S. EN 12620:2002 – Aggregates for concrete.
3 S.R. 16:2016 – Guidance on the use of I.S. EN 12620:2002 – Aggregates for concrete. See Annex B, Table B.7.
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Scope and sample details

Eight samples of concrete were supplied by Advanced Survey Solutions on 01/05/2021 for
petrographic examination. Sample details, as received, are shown in the table below.  The
samples were  reported  to  be from concrete blocks within  a  dwelling  in  Dromore Little,
Raphoe, Co Donegal F93 Y9X6.

Table 4 · Samples received

Sample ref. Type Mass (g) Location

1 Concrete core (Ø100 mm) 5679 SW gable, outer leaf, below DPC

2 Concrete core (Ø100 mm) 5278 SW gable, outer leaf, below DPC

3 Concrete core (Ø100 mm) 1720 SW gable, outer leaf, above DPC

4 Concrete core (Ø100 mm) 1768 SE elevation (front), outer leaf, above DPC

5 Concrete core (Ø100 mm) 1715 NE gable, outer leaf, above DPC

6 Concrete core (Ø100 mm) 1687 NW elevation (rear), outer leaf, above DPC

7 Concrete core (Ø100 mm) 1776 SW gable, inner leaf, above DPC

8 Concrete core (Ø100 mm) 1810 NW elevation (rear), inner leaf, above DPC

The submitted samples were initially subjected to a Test Suite A examination in accordance
with the requirements in I.S. 465:2018+A1:20201 (see report  CO5002 IS465 Test Suite A
15/06/2021).  The  concrete  in  the  samples  was  classified  as  High  Risk  due  to  the
abundance  of  potentially  problematic  lithologies / minerals  (mica-bearing  aggregate). A
recommendation  was  made  for  petrographic  examination  on  sample  8  (selected  to
represent concrete type 1 classified as High Risk by Suite A examination) and the results of
this were reported (see original report issue CO5002a, 20/08/2021).

This revised report issue is an update to that Test Suite B report including further analysis
to examine the risk of sulphide degradation of sample  8 (selected to similarly represent
concrete type 1 classified as High Risk by Suite A examination).  Cement content, total
sulphur,  acid  soluble  sulphate  and  water  soluble  sulphate  testing  were  undertaken  by
Nicholls  Colton  Analytical.  The  chemical  analysis  results  for  sample  8 are  included  in
Appendix 1. SEM-EDX analysis for sulphides on part of sample 8 was undertaken and the
results are provided in Appendix 3. 

1 IS 465:2018+A1:2020 Assessment, testing and categorisation of damaged buildings incorporating concrete blocks containing certain 
deleterious materials.
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Test Suite B petrographic examination

Aggregates

Table 5 · Aggregate details

Aggregate 1 crushed phyllite Abundance 66.2%

Major components cleaved phyllite, partly cleaved micaceous quartzite

Minor components calcareous quartzite, quartz, calcite, muscovite, chlorite, K feldspar, plagioclase, accessory 
phases

Sulphide minerals pyrrhotite, rare pyrite, chalcopyrite, marcasite – anhedral 
coarse clusters locked in phyllite and quartzite and 
disseminated in cement matrix

Visual estimate 1-2%

Size range < 50 µm to  20 mm Average 7 mm

Grading good Roundness angular – sub-angular

Shape equant – oblate Sphericity low

Alteration trace in situ oxidation

Pervasive oxidation patchy limonitisation of rare phyllite and quartzite aggregate fragments

Iron oxide crusts rare crusts and/or haloes on sulphide grains and phyllite (<80 µm)

Internal cracking common in phyllite and present in quartzite, typically lamination parallel (<50 µm)

Peripheral cracking present, mainly around phyllite (up to 50 µm wide)

Radial cracking none seen

Spalling into voids rare from phyllite

Other alteration none seen

The concrete is dominated by crushed phyllite (metamorphosed mudstones and siltstones)
and micaceous quartzite (metamorphosed impure sandstones, including metamorphosed
greywacke with  irregular  sized quartz  clasts).  There  are  also  rare  calcareous quartzite
fragments,  which  have  probably  been  derived  from  metamorphosed  calcareous
sandstones. The rocks have not been sufficiently metamorphosed to form schist, as the
“mica” crystals (interlayered muscovite and chlorite) are too fine grained to be visible to the
naked eye. The presence of chlorite and absence of biotite are also indicative of a fairly low
grade of metamorphism. 

Common  platy  muscovite  and  chlorite  crystals  <10  µm  long  are  abraded  from  the
aggregate and present throughout the binder. High amounts of liberated mica and other
phyllosilicates are undesirable in aggregate since they increase water demand of concrete
due to the hydrophilic nature of the cleavage planes. They also have a tendency to flake
along cleavage, which can lead to spalling of aggregate fragments and microfracturing into
the  binder.  Although  very  little  fracturing  is  visible  in  transmitted  light,  fluorescence
microscopy  shows  evidence  of  common  cleavage  parallel  fracturing  associated  with
phyllite aggregate but no visible radial cracking.

The aggregate (particularly phyllite) contains appreciable amounts of pyrrhotite, with rare
pyrite,  chalcopyrite  and  marcasite.  The  presence  of  sulphides,  particularly  the  more
unstable pyrrhotite and marcasite, is cause for concern due to the potential for oxidation
and  subsequent  production  of  expansive  cracking  and  associated  secondary  sulphate
minerals. The pyrrhotite and rare intergrown pyrite/marcasite in this sample show evidence
of local oxidation, particularly of liberated crystals in the binder, however there are only rare
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in situ oxide impregnation haloes around sulphide rich aggregate fragments and liberated
grains.  It  is  likely  that  most  pyrrhotite  oxidation  seen  occurred  prior  to  concrete
manufacture, probably during stockpiling. The aggregate mostly appears unweathered.

Binder

The binder is Portland-type cement, probably OPC. It is completely carbonated.

The main properties of the carbonated paste are summarised below.

Table 6 · Carbonated binder

Fine-grained paste Abundance 19.0%

Abundance common

Distribution most common textural variant

Size range < 1 µm to 5 µm Texture compact, uniform

Relict clinker grains present, mainly hydrated alite 

Residual gel present Maximum size (µm) 40

Morphology irregular Interconnectivity isolated

Granular iron oxide common Maximum size (µm) 40

Secondary minerals very rare iron oxide impregnation adjacent to oxidised aggregate fragments

Coarse-grained paste

Abundance present

Distribution irregular patches throughout binder

Size range 5 µm to 10 µm Texture microgranular/inequigranular

Relict clinker grains very rare, mainly hydrated clinker clusters

Residual gel abundant Maximum size (µm) 40

Morphology irregular Interconnectivity generally low

Granular iron oxide present Maximum size (µm) 30

Microporosity moderate to high Pore size < 10 µm 

Secondary minerals very rare iron oxide impregnation adjacent to oxidised aggregate fragments

Snowflake calcite

Abundance none seen

The texture and mineralogy of the carbonated paste in the sample are characteristic of
natural atmospheric carbonation of high microporosity concrete with minor recrystallisation
and  leaching.  There  is  no  evidence  of  any  secondary  sulphates  or  gels  visible  in
carbonated binder.

The  binder  shows  evidence  of  local  iron  oxide  impregnation around  rare  oxidised
aggregate  fragments.  It  also  contains  abundant  micaceous  aggregate  dust  comprising
muscovite and chlorite fragments, typically <10 µm long and <1 µm wide. Due to the size
and overlapping of grains, much of this mica dust is difficult to distinguish from the binder
texture  and  therefore  SEM analysis  is  required  to  quantify  the  amount  of  “free  mica”
present (see Appendix 2).
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Voids

The main features of the air void system are summarised in the table below.

Table 7 · Voids

Void system

Modal volume 14.8% Shape spherical – irregular

irregular voids predominate

Size range 50 µm to 8 mm Average size 2 mm

Interconnectivity moderate to high

Secondary minerals

microcrystalline calcite common

Alteration at void walls none seen

The  void  distribution  consists  of  small  sub-spherical  air  voids  within  larger  patches  of
binder, interspersed with large, partly connected irregular voids. The void level is normal for
concrete  block.  The  majority  of  voids  are  either  unlined  or  lined  with  microcrystalline
calcite. There is no evidence of significant moisture ingress which would be associated
with common secondary mineral fills in voids.
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Fractures

Table 8 · Fractures

Anastomosing microcracks

Abundance none seen

Peripheral fissures

Abundance present

Distribution mainly around phyllite

Maximum aperture 50 µm Average aperture 10 µm 

Secondary minerals

Mineral 1 microcrystalline calcite Abundance rare

Mineral 2 iron oxides Abundance very rare

Alteration at crack walls local oxide impregnation of binder – very rare

Fractures related to degradation

Abundance present

Distribution common internal fractures in phyllite and quartzite

Maximum aperture 50 µm Average aperture 10 µm

Secondary minerals

Mineral 1 microcrystalline calcite Abundance rare

Alteration at crack walls none seen

Peripheral fissures at the margins of aggregate fragments may be formed as a result of in
situ aggregate shrinkage or by dissolution of portlandite. They are not important unless
excessive  aggregate  shrinkage  has  occurred  or  they  have  become  incorporated  into
pervasive fracture systems propagated by expansive mineral growth.

Phyllite and quartzite fragments show common internal cleavage parallel microfracturing in
fluorescent light but there are very few fractures >10 µm wide. The fractures terminate at
aggregate edges, indicating they probably occurred during aggregate processing rather
than as a result of in situ expansion.

There is no evidence of significant degradation-related fracturing of the binder.
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Composition

The  volumetric  composition  of  the  concrete  was  determined  by  modal  analysis.  Five
hundred  points  were  counted  from  the  thin  section.   The  modal  analysis  values  for
aggregate and binder are then corrected for the free mica in binder content (8%) derived
from SEM analysis (see appendix 2).

Composition Sample 8 Mica corrected

Aggregate 66.2% 67.7%

Binder 19.0% 17.5%

Void 14.8% 14.8%

The water/cement ratio cannot be estimated due to complete carbonation of the binder but
observations of the binder indicate it is likely to be high (0.5 – 0.6).  A preferred value of
0.55 has  been  used  to  derive  an  approximate  cement  content.  Chemical  analysis  for
cement  content  is  not  currently  a  requirement  of  IS  465  for  mica  blocks  and  the
petrographic estimate is included in this report simply as an additional reference.

Table 9 · Estimated (theoretical) mix design

Volume Density w/c

Component % (kgm3)  Estimated mix design 0.55

Aggregate 67.7 2650 Aggregate 2106 kgm3

Binder 17.5 3120 Cement 236 kgm3

Voids 14.8 Water 130 kgm3

Total 100 Block Dry Density 2106 kgm3

Fluorescent intensity range 0.5 – 0.6

Preferred water/cement ratio 0.55

Maximum aggregate size, mm 20 crushed Calculated cement content 9.5%

NOTE: It must be emphasised that the estimation of concrete mix design by petrographic methods is subject 
to many potential errors. It should not be used as a substitute for appropriate and approved methods of 
chemical analysis and physical testing.

Images

Colour images (scanned images and annotated photomicrographs of the sample) begin
over-page.
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Photographs | Sample 8

A Sample 8

Photograph of sample cut to show 
aggregate detail (scale in cm).

Image A

Nikon D7000 digital camera

Daylight balanced oblique light

Section(s)

B Sample 8

Low magnification view of sample thin 
section.

Image B

Epson scanner

White cold cathode light
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Photomicrographs

phyllite

void

500 µm

micaceous 
quartzite

weathered 
phyllite

micaceous 
quartzite

C Sample 8

Photomicrograph of sample showing 
main aggregate components in plane 
polarised light.

Image C

Nikon Microphot-SA petrological 
microscope

Plane polarised transmitted light

x40

phyllite

void

500 µm

micaceous 
quartzite

weathered 
phyllite

micaceous 
quartzite

D Sample 8

Photomicrograph of sample showing 
main aggregate components in cross 
polarised light.

Image D

Nikon Microphot-SA petrological 
microscope

Cross polarised transmitted light

x40
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pyrrhotite

100 µm

iron oxides

chalcopyrite

E Sample 8

Photomicrograph of sample showing 
oxidised pyrrhotite with chalcopyrite.

Image E

Nikon Microphot-SA petrological 
microscope

Plane polarised reflected light

x200
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Glossary of terms used in the petrographic description

Alkali-silica reaction (ASR) – This is by far the most common form of alkali-aggregate reaction (AAR) and 
is an expansive reaction that can take place in concrete when alkaline pore fluids react with a siliceous 
aggregate to form alkali-silica gel. Petrographic examination is the definitive method for the detection of 
this form of concrete deterioration.

Anastomosing microfractures – Network cracking commonly seen in thin sections of hardened concrete 
and usually restricted to the cement paste. They are often presumed to form at an early stage in response 
to slight dehydration shrinkage and their observed presence is generally not considered significant.

Alite – Tricalcium silicate (3CaO.SiO2) (C3S). A calcium orthosilicate and makes up the dominant part of 
Portland cement clinker. Forms large euhedral pseudo-hexagonal crystals. 

Belite – Dicalcium silicate (2CaO.SiO2) (C2S). A calcium orthosilicate present as a constituent of Portland 
cement clinkers. 

CSH – See Hardened cement paste.

Ferrite – Calcium aluminoferrite (4CaO. Al2O3.Fe2O3) (C4AF). A constituent of Portland cement clinker and 
forms an impure solid solution series in hydrated cement that deviates markedly in composition from the 
simple chemical formula.

 Fractures – Fractures (cracks) are classified by size using the following terms:
• Macrofractures: These are cracks that are readily visible to the naked eye without the aid of a stereo 

binocular microscope and are typically >>0.1mm wide.
• Fine fractures: These are cracks that are only readily visible with a stereo binocular microscope or in 

thin section. Cracks of this type are typically between 0.01 and 0.10 mm wide. 
• Microfractures:  These  cracks  cannot  be  detected  with  a  stereo  binocular  microscope.  They  are

typically  <0.01 mm  wide  and  are  most  easily  seen  in  petrographic  thin  sections  containing
fluorescent dye and by using fluorescent illumination. 

Hardened cement paste – The cementitious matrix (or binder) between aggregate particles. The four 
principle Portland cement constituents C3S (alite), C2S (belite), C3A (tricalcium aluminate) and C4AF (ferrite)
are each hydraulic and thus react with water on mixing to form a range of hydrated cement phases and 
calcium hydroxide. These have the general identification of calcium, silicate hydrates or C-S-H. 

Microporosity/ Porosity – This term is distinct from void content.  It refers to microscopic (less than 10 µm
in diameter) pores in hydrated cement paste. Two types are recognised, gel pores in CSH gel and slightly 
larger capillary pores originally occupied by air or mix water not used in the hydration. Capillary porosity 
allows water movement through the cementitious matrix, whereas the smaller gel pores are mostly isolated
so have minimum permeability. 

Peripheral fissures – Cracks that develop around aggregate particles in hardened concrete sometimes 
produced as a result of in situ aggregate shrinkage or by dissolution or ettringite replacement of 
portlandite. They are not important unless excessive aggregate shrinkage has occurred or they have 
become incorporated into pervasive fracture systems propagated by expansive mineral growth. 

Portland cement – Portland cement is the most common form of binder used in concrete and is 
manufactured by heating crushed limestone and clay or shale at temperatures in excess of 1200 oC. There 
are many forms of Portland cement and it is commonly possible to distinguish sulphate-resisting and white 
Portland cement and ordinary Portland cement using petrographic thin sections.

Portlandite - Calcium hydroxide mineral name, Ca(OH)2, one of the products of Portland cement hydration.
Portlandite crystals tend to be more abundant and more coarsely crystalline as the water content of 
concrete mix is increased. 

Void – A space in cement paste, mortar, or concrete filled with air; an entrapped air void is 
characteristically 1 mm or more in size and irregular in shape. Air voids can be described as entrained 
(typically <1 mm sized) or entrapped (typically >1 mm sized). Entrained air voids are a deliberate addition 
that can improve the durability of a concrete. 

Water/cement ratio  – The ratio by weight between the water and cement in a concrete mix. In general
terms the ratio may be considered Low (<0.35), Moderate (0.35 – 0.65) and High (>0.65). 
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Appendix 1 · Ancillary testing

Nicholls Colton Analytical test reports:

• Compressive strength results

• Chemical analysis

• Cement content results
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Nicholls Colton Group
7 - 11 Harding Street

Leicester
LE1 4DHPetrolab                                          

Analytical Test Report: L21/02400/PET/005               

Your Project Reference: 5002 Samples Received on: 16/07/2021

Your Order Number: PP0-141                       Testing Instruction Received: 16/07/2021

Report Issue Number: 1 Sample Tested: 16/07 to 29/07/2021

Samples Analysed: Report issued: 29/07/2021

Signed

Lee Harbottle
GCM Operations Manager
Nicholls Colton Group

The results included within the report are representative of the samples submitted for analysis.

Accreditation Key

Date of Issue10/12/2020

Owned by Emily Blissett - Commercial Reporting Supervisor

Authorised by Lee Harbottle - GCM Operations Manager

J:\Public\Projects\2021\L21\PET - Petrolab\L21-2400-PET\[L21-02400-PET - 005.XLSX]EN Core Strength

C. Edwards Offices
Gweal Pawl
Redruth
TR15 3AE

UKAS = UKAS Accreditation, u = Unaccredited

 2 concrete samples

Samples will be retained for 14 days after issue of this report unless otherwise requested.

Notes: 
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Nicholls Colton Group
7 - 11 Harding Street

Leicester
LE1 4DH

L21/02400/PET/005               

Project Reference  - 5002

Analytical Test Results - EN 12504 Compressive Strength

NC Reference 178982 178983

Client Sample Reference (#) 5002 5002

Client Sample Location (#) Core 2 Core 7

Sample Description Concrete Core Concrete Core

Item Units
Determinant
Max nominal agg Size (mm) 10 10

Visual Inspection Fair compaction 3% 
excess voids

Fair compaction 3% 
excess voids

Date cored (#) - -

Age at test (days) - -

Rebar Diameter (mm) 0 0

Rebar Distance from outer face - as received (mm) 0 0

Rebar Distance from nearest face - tested (mm) 0 0

Min Length (mm) 275 90

Max Length (mm) 296 98

Surface Condition at time of test Wet Wet

Diameter of core (mm) 100 104

Length / Diameter ratio of prepared specimen 1.00 0.87

Density (kg/m3) 2210 2140

Max Load at failure (kN) 48.5 42.6

Type of failure Satisfactory Satisfactory

Measured Compressive Strength (MPa) (N/mm2) 6.2 5.0

Estimated Cube Strength (N/mm2) 6.2 4.7

Length to Diameter after preparation was less than 
1:1 ratio required by the standard No Yes

Notes
1. Core samples  were not taken by NC

5. Method used for the preparation of the specimen: cutting

2. Testing for compressive strength was in accordance with BS EN 12504-1: 2009
3. Testing for density was in accordance with BS EN 12390-7: 2009
4. Density was determined by weighing in air and water
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Nicholls Colton Group
7 - 11 Harding Street

Leicester
LE1 4DHPetrolab                                          

Analytical Test Report: L21/03350/PET/015                

Your Project Reference: 5002 Samples Received on: 17/09/2021

Your Order Number: PPO-151                       Testing Instruction Received: 20/09/2021

Report Issue Number: 1 Sample Tested: 20/09 to 05/10/2021
05/10/21

Samples Analysed: Report issued: 06/10/2021

Signed

Laura Watts
Manager - Organic Chemistry
Nicholls Colton Group

General

Samples were supplied by customer, results apply to the samples as received.

Accreditation Key

Date of Issue 10/12/2020
Owned by Emily Blissett - Customer Services Supervisor

Authorised by James Gane - Commercial Manager

J:\Public\Projects\2021\L21\PET - Petrolab\L21-3350-PET\[L21-03350-PET - 015.XLSX]Cover Sheet

C. Edwards Offices
Gweal Pawl
Redruth
TR15 3AE

UKAS = UKAS Accreditation, u = Unaccredited

Notes: 

Please refer to Methodologies tab for details pertaining to the analytical methods undertaken.

Samples will be retained for 14 days after issue of this report unless otherwise requested.

 1 concrete sample

Where specification limits are included these are for guidance only. Where a measured value has been highlighted this is not implying acceptance or failure and certainty of measurement 
values have not been taken into account. 

Uncertainty of measurement values are available on request.
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Nicholls Colton Group
7 - 11 Harding Street

Leicester
LE1 4DH

L21/03350/PET/015                

Project Reference  - 5002

Analytical Test Results - Aggregate Testing

NC Reference 189866

Client Project Reference 5002

Sample Reference 8

Other ID Core

Sample Description Grey breeze block 
lumps

Determinant
Units Accreditation

EN 1744 Determinations

Acid soluble sulphate content (as SO3) (%) UKAS 0.15

Acid soluble sulphate content (as SO4) (%) u 0.18

Water soluble sulphate content (as SO3) (%) UKAS 0.11

Water soluble sulphate content (as SO3) (mg/l) u 530

Water soluble sulphate content (as SO4) (%) u 0.13

Water soluble sulphate content (as SO4) (mg/l) u 636

Total Sulphur content (as S) by HTC (%) u 0.96
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Nicholls Colton Group
7 - 11 Harding Street

Leicester
LE1 4DH

L21/03350/PET/015                

Project Reference  - 5002

Analytical Test Results - Concrete

NC Reference 189866

Client Project Reference 5002

Sample Reference 8

Other ID Core

Sample Description Grey breeze block 
lumps

Determinant
BS1881 Cement Content Units Accreditation

Cement Content by SiO2 content (%m/m) UKAS 4.2

Cement Content by CaO content (%m/m) UKAS 8.0

Reported Cement Content (%) UKAS 4.2

Is result mean or preferred - - Preferred
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Nicholls Colton Group
7 - 11 Harding Street

Leicester
LE1 4DH

L21/03350/PET/015          

Project Reference  - 5002

Analysis Methodologies and Notes

Determinant Test method and notes

EN 1744 Acid Soluble Sulphate Testing was in accordance with BS EN 1744-1:2009 + A1:2012 clause 12.

EN 1744 Water Soluble Sulphate Testing was in accordance with BS EN 1744-1:2009 + A1:2012 clause 10.

EN 1744 Total Sulphur by HTC Testing was in accordance with BS EN 1744-1:2009 + A1:2012 clause 11.2
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Nicholls Colton Group
7 - 11 Harding Street

Leicester
LE1 4DHL21/03350/PET/015                

Project Reference  - 5002

Analysis Methodologies and Notes

Determinant Test method and notes

1881 Cement Content

1. Testing was in accordance with BS 1881: Part 124: 2015 Clause 6.5 by ICP. 
2. Cement content has been calculated assuming the presence in the concrete of Ordinary Portland Cement, containing 20.2% and 64.5% by mass 
of soluble silica and calcium oxide respectively.
3. Samples of the original constituents of the mix were not submitted.
4. Samples received were smaller than required by Clause 4.1 of BS 1881 : Part 124 :2015.
5. Quality control samples are tested with each batch of samples.
6. Duplicate tests are carried out/Samples were identified as being part of a batch and therefore the results are from a single analysis only.
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Appendix 2 · SEM analysis (mica testing)
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SEM/EDX phase mapping

Introduction and background

As  a  supplement  to  the  Suite  B  detailed  (thin  section)  petrography,  SEM analysis  on
sample 8 was also undertaken to quantitatively (as opposed to qualitatively) determine the
proportion of ‘free’ muscovite mica in the binder1. 

The amount of free (liberated) muscovite mica in the fines (<63 µm) as a proportion of the
binder is suggested to be a key risk factor for mica degradation in low cement content
concrete  blocks.  It  cannot  be  reliably  measured  by  optical  microscopy  in  carbonated
concrete, chiefly because of reduced contrast between the muscovite mica and binder, the
small size of the muscovite mica flakes and their similarity to altered mica in the form of
chlorite.

Methods of investigation

Analysis was undertaken on the same 45 mm x 30 mm epoxy resin vacuum impregnated
sub-sample of the selected specimen used for thin section preparation. This sample ‘chip’
was polished and carbon coated prior to SEM examination.

Three  areas of  interest  (AOI)  were  selected  at  appropriate  magnifications to  represent
typical  binder  composition  in  each  sample.  Coarse  aggregate  particles  and  significant
voids  were  excluded.  Each  AOI  was  analysed  using  a  ZEISS  EVO MA 25  scanning
electron microscope (SEM)2 fitted with two Bruker xFlash 6|60 x-ray detectors for energy-
dispersive X-ray spectroscopy (EDX) analysis. Images and EDX phase maps of the AOI
were acquired using Bruker Esprit software 2.1.

Image post-processing  and area measurement were  carried  out  using Fiji/ImageJ 1.47
image analysis software and plugins3.

Analysis results

Proportion of free muscovite mica in the binder

The  table  below  summarises  the  AOI  measurements  of  each  phase  and  shows  the
calculated average proportion of free muscovite mica in the binder is 8%. EDX phase maps
follow after the table.

1 SEM analysis undertaken in accordance with I.S. 465:2018+A1:2020, 7.6 Test Suite C – Additional testing, and the guidance in Annex
C.

2 SEM system located at Petrolab Ltd, Redruth, UK.
3 Johannes Schindelin, Ignacio Arganda-Carreras, Erwin Frise, Verena Kaynig, Mark Longair, Tobias Pietzsch, Stephan Preibisch, 

Curtis Rueden, Stephan Saalfeld, Benjamin Schmid, Jean-Yves Tinevez, Daniel James White, Volker Hartenstein, Kevin Eliceiri, Pavel
Tomancak and Albert Cardona (2012) Fiji: an open-source platform for biological-image analysis, Nature Methods 9(7): 676-682. 
Versatile Wand plugin tool by Michael Schmid.
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(Vol%) AOI 1 AOI 2 AOI 3

Fine aggregate 10.8% 7.9% 15.6%

Free muscovite mica 7.6% 4.9% 7.7%

Binder 81.6% 87.1% 76.7%

Free muscovite proportion of binder 8.5% 5.4% 9.1%

Average free muscovite proportion of binder 8%
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EDX phase maps

1 Sample 8

AOI 1.

Image 1

ZEISS EVO MA-25 SEM

Backscatter electron (BSE) mode

2 Sample 8

AOI 2.

Image 2

ZEISS EVO MA-25 SEM

Backscatter electron (BSE) mode

3 Sample 8

AOI 3.

Image 3

ZEISS EVO MA-25 SEM

Backscatter electron (BSE) mode

Remarks: BSE field images with overlays showing the measured AOI of binder (outlined yellow), EDX phase maps for 
K (red - muscovite mica), Na (yellow – feldspar), Fe (green – pyrrhotite and chlorite) and Si (cyan – quartz).
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Appendix 3 · Manual SEM analysis (sulphide testing)
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SEM/EDX point and identification

Introduction and background

As  a  supplement  to  the  Suite  B  detailed  (thin  section)  petrography,  SEM analysis  on
sample 8 was also undertaken to qualitatively determine the presence of pyrrhotite (± other
sulphides) within the sample. 

The chemical  formula of pyrrhotite is Fe(1-x)S (typical  composition 62.33%Fe, 37.67%S).
The amount of Fe can vary, but is always higher than S.
The chemical formula of pyrite is FeS2 (typical composition 46.55%Fe, 53.45%S).

Methods of investigation

Analysis was undertaken on the same 45 mm x 30 mm epoxy resin vacuum impregnated
sub-sample of the selected specimen. This sample ‘chip’ was polished and carbon coated
prior to SEM examination.

Three areas of  interest  (AOI) were  selected  at  appropriate  magnifications to  represent
typical sulphide presence in each sample. Each AOI was analysed using a ZEISS EVO MA
25 scanning electron microscope (SEM)1 fitted with two Bruker xFlash 6|60 x-ray detectors
for energy-dispersive X-ray spectroscopy (EDX) analysis. Images and EDX spectra / point
compositions of the AOI were acquired using Bruker Esprit software 2.1.

Analysis results

Selected images showing analysis point locations, composition tables and element spectra
were acquired and are presented over page:

1 SEM system located at Petrolab Ltd, Redruth, UK.
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Figure 1: BSE image and selected spectra

Pyrite Zircon

Iron Oxide

Selected point analyses of Figure 1 showing grains of pyrite (slightly oxidising) with zircon within the binder.
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Spectrum O Si S Fe Zr Mineral

CO5002 8 1 50.15 49.85 Pyrite

CO5002 8 2 34.10 26.88 39.03 Zircon

CO5002 8 3 50.33 49.67 Pyrite

CO5002 8 4 11.34 88.66 Iron Oxide

CO5002 8 5 50.10 49.90 Pyrite
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Figure 2: BSE image and selected spectra

Pyrrhotite Galena

Selected point analyses of Figure 2 showing a grain of pyrrhotite in the binder, with associated galena.
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Spectrum S Fe Pb Mineral

CO5002 8 1 36.53 63.47 Pyrrhotite

CO5002 8 2 36.51 63.49 Pyrrhotite

CO5002 8 3 10.44 89.56 Galena

CO5002 8 4 10.76 89.24 Galena
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Figure 3: BSE image and selected spectra

Iron Oxide Pyrrhotite

Chalcopyrite

Selected  point  analyses  of  Figure  3  showing  an  oxidised  grain  of  pyrrhotite  within  an  aggregate  fragment,  with
associated chalcopyrite.
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Spectrum O S Fe Cu Mineral

CO5002 8 1 9.04 90.96 Iron Oxide

CO5002 8 2 35.84 64.16 Pyrrhotite

CO5002 8 3 36.17 63.83 Pyrrhotite

CO5002 8 4 9.35 90.65 Iron Oxide

CO5002 8 5 31.66 31.70 36.64 Chalcopyrite



Further Reading And Viewing

1. Report from the Working Group on the Defective Concrete Blocks Grant Scheme

document. Click here to view.

2. Mineral causing home foundations to crumble video. Click here to view.

3. PYRRHOTITE DISASTER IN THE MAURICIE video. Click here to view.

4. Connecticut Crumbling Concrete Foundation Scams video. Click here to view.

5. Why Are These Concrete Foundations Crumbling? video. Click here to view.

6. Understanding pyrrhotite video. Click here to view.

7. Joe McHugh Cabinet Approval for Mica/Pyrite Scheme October 2018 video. Click here

to view.

8. 2019 International Crumbling Concrete Symposium video. Click here to view.

9. Engineers Ireland IS 465 CPD Train Course. Click here to view.

10. Belfast Live: Donegal house defective block scandal article. Click here to view.

11. Donegal Daily: Government Announces 40 Million Euro Redress Scheme article. Click

here to view.

12. Donegal Live: Long-term structural performance of retained blockwork uncertain

article. Click here to view.

(Click here to return to Appendix Contents).

(Click here to return to the top of main report document).

https://www.gov.ie/en/publication/a0bbc-report-from-the-working-group-on-the-defective-concrete-blocks-grant-scheme/
https://www.youtube.com/watch?v=nRW8QJdTyME
https://www.youtube.com/watch?v=XO35Xoi0zGw
https://www.youtube.com/watch?v=3KzA3qUgss4
https://www.youtube.com/watch?v=vAcGmB-VYtE
https://www.youtube.com/watch?v=q7P1U-wjkYw
https://www.facebook.com/Micaactiongroup/videos/2253260908256980/
https://www.facebook.com/Micaactiongroup/videos/2253260908256980/
https://www.youtube.com/watch?v=7MDXFwK92NY
https://www.engineersireland.ie/Professionals/CPD-Careers/CPD-training-courses-by-theme/Structures-and-Construction-Training-Courses/IS-465
https://www.belfastlive.co.uk/news/belfast-news/donegal-house-defective-block-scandal-15258424
https://www.donegaldaily.com/2020/01/31/government-announces-e40m-redress-scheme-for-mica-and-pyrite-homes/
https://www.donegaldaily.com/2020/01/31/government-announces-e40m-redress-scheme-for-mica-and-pyrite-homes/
https://www.donegallive.ie/news/local-news/669453/long-term-structural-performance-of-retained-blockwork-uncertain-engineers-ireland.html
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