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1 INTRODUCTION 

1.1 SWELLING OF GRANULAR BACKFIL 

Swelling of granular backfill under concrete floor slabs occurs as a result of chemical 
reactions involving some of the minerals present in the aggregates used. 
 
In particular, reactions such as this tend to involve iron sulphide (pyrite, pyrrhotite, etc.) 
and carbonates. A reaction is influenced by a number of factors, including the 
presence of clay minerals that facilitate water absorption and iron sulphide oxidation, 
grain size classification and water content, the presence of bacteria, temperature and 
so on. The depth of the backfill will also have an impact on the extent of the swelling. 
Swelling of the backfill generates pressure under the concrete floor slabs, which heave 
and crack as a result.  
 
The by-products generated by the chemical reaction can also lead to sulfatizing of the 
concrete slabs, causing obvious additional swelling. In some cases, the damage 
observed may be related solely to sulfatizing. In other, more severe cases, mainly 
where there is a thick backfill layer between the foundation walls (e.g. in a garage), 
lateral pressure may also occur, causing cracks in the foundation walls. 
 
Occasionally, raised floor slabs may be due not to the granular backfill but to swelling 
of the underlying rock. Where there is a risk that rock located near the surface will 
swell, the usual precautions should always be taken when constructing on the site (see 
the Canadian Foundation Engineering Manual). 
 

1.2 THE QUÉBEC TECHNICAL COMMITTEE 

A technical committee was created in 1997 to examine the problems caused by the 
materials described above. It was initially sponsored by the Montreal division of the 
AEG (Association of Engineering Geologists), and was created following the first 
conference organized jointly by the AEG and the RPPG (Regroupement professionnel 
des producteurs de granulats) on the problem of shale in 1997. The Société 
d’habitation du Québec (SHQ) has chaired the technical committee since November 
1998. 
 
Since then, the technical committee has joined forces with a number of partners to 
speed up the research and circulation of information. When this procedure was 
published, the committee was composed of representatives from the following 
organizations, firms and universities: 
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- Société d'habitation du Québec (SHQ) (committee chair) 
- Canada Mortgage and Housing Corporation (CMHC) 
- Association of Engineering Geologists – Montreal Division (AEG) 
- Association des constructeurs de routes et grands travaux du Québec (ACRGTQ) 
- Regroupement professionnel des producteurs de granulats (RPPG) 
- Association des consommateurs pour la qualité dans la construction (ACQC) 
- Association provinciale des constructeurs d'habitations du Québec  (APCHQ) 
- Association de la Construction du Québec (ACQ) 
- Association canadienne des laboratoires d’essais (ACLE) 
- National Research Council of Canada (NRCC) 
- Bureau de normalisation du Québec (BNQ) 
- Laval University 
- École Polytechnique, Montreal 
- Sherbrooke University 
- Terratech, Member of the Groupe SNC-LAVALIN Inc. 
- Laboratoire de Béton ltée  
- Inspec-Sol Inc. 
- Construction DJL Inc. 
- Demix agrégats Inc. 
- Lafarge Canada Inc. 
 
The committee members met to pursue a common goal, namely to pool their 
knowledge, expertise and experience to help prevent and remedy the problems 
caused by pyrite, provide advice, information, recommendations and procedures for 
the general public, and draw up model documents. 
 
Among other things, the committee’s mandate includes establishing a trial 
characterization method to identify aggregates that can be used as backfill under non-
structural floor slabs in buildings. It was the committee’s work that led to the 
preparation of an initial trial procedure. 
 
The initial procedure was originally presented in April 1999, and was known as CTQ-
M100 Protocole de caractérisation du potentiel de gonflement des matériaux 
granulaires – Matériaux DB – et procédures d’application. It required the use of “DB” 
(the French acronym for “concrete slab”) certified materials for the residential market. 
 
In May 2000, the technical committee presented procedure CTQ-M150 Protocole de 
caractérisation du potentiel de gonflement des matériaux granulaires – Matériaux MCI 
– et procédures d’application pour les Marchés Commerciaux et Industriels. 
 
Both procedures, CTQ-M100 and CTQ-M150, will be incorporated into standards NQ 
2560-500 (test methods) and NQ 2560-510 (application guide) in 2001. 
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In addition, given the appraisals of existing buildings, the technical committee has 
recommended this appraisal procedure (CTQ-M200), which sets out the steps to be 
taken, both on site and in the laboratory, to ensure that appraisals are carried out in a 
structured manner and fulfill their purpose of establishing whether or not the building in 
question has been or is likely to be damaged by the presence of a granular backfill that 
is subject to swelling. 
 
The procedure was drawn up basically for residential buildings, but may also be used 
as a basis for appraisals of industrial and commercial buildings. 
 
Note 1: The procedure is based on current scientific knowledge and on the opinions of 

experts from Québec who have been involved in the committee’s work. In our 
opinion, it describes an effective method of appraising existing buildings to 
determine whether or not granular backfill subject to swelling has been used, and if 
it has or is likely to result in damage to the building. 

 
Note 2: The procedure was drawn up on the basis of consensus, defined as “a substantial 

agreement between interested parties. A consensus involves an attempt to 
dissipate objections and, while it goes further than a simple majority decision, it 
does not necessarily signify unanimity”. Accordingly, a member may sit on the 
technical committee without fully agreeing with all sections of the protocol. 

 
WARNING NO. 1 
 
The content of this document and all related recommendations communicated in any 
way whatsoever are offered for information purposes only, with the goal of reducing to 
a minimum the risks and problems associated with aggregate use. Like all the work 
done and action taken by members of the committee and its various subcommittees, 
the document was drawn up on the basis of current knowledge, for the benefit of the 
community in general, as carefully, diligently and competently as possible in the 
circumstances. 
However, all the information, data and recommendations are provided on the express 
condition that the Comité technique québécois d’étude des problèmes de gonflement 
associés à la pyrite, its members, its subcommittees and their members are in no way 
liable towards users. 
 
We recommend that you consult the appropriate experts if you wish for a more 
substantial guarantee. 
 
WARNING NO. 2 
 
It is up to every individual user to determine whether or not this protocol is appropriate 
for their own needs. 
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1.3 THE APPRAISAL PROCEDURE 

The document presenting the appraisal procedure for existing residential buildings is 
divided into the following sections: 
 
1. This introduction. 
2. Explanatory notes. 
3. Qualifications of firms and professionals. 
4. Appendix A:  Model report. 
5. Appendix B:  Chemical analyses. 
6. Appendix C:  Proposed model contract. 
7. Appendix D:  Explanatory summary (consumers). 
 

1.4 ADDITIONAL INFORMATION 

If you require any additional information on this appraisal procedure, please contact the 
technical committee secretariat, care of Pierre Tremblay, Engineer, at the ACRGTQ: 
 
  Telephone:   1-800-463-4672 
  Fax:    1-418-529-5139 
  E-mail:   acrgtq@acrgtq.qc.ca 
  Mailing address:  435, Grande-Allée Est 
      Québec (Québec) 
      G1R 2J5 
 
Current versions of the procedure are available on the Web sites of the SHQ 
(www.shq.gouv.qc.ca) and the ACQC (www.consommateur.qc.ca/acqc) 
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2 EXPLANATORY NOTES: CTQ-M200 

2.1 SUMMARY OF THE APPRAISAL PROCEDURE 

The appraisal procedure for existing residential buildings comprises three steps, 
namely: 
 
- Visual inspection. 
- Sampling. 
- Laboratory tests. 
 
The explanatory notes that follow describe, for the benefit of professionals, the 
elements that should be included at each step. The notes refer to the model report 
presented in Appendix A to this document. The model report presents the basic 
elements that all expert appraisals carried out in accordance with this procedure 
should include. Appraisal reports produced using this procedure must, at all times, be 
presented as shown in the model, although additional elements may be included if the 
authors so wish. 
 
Simplified explanatory notes have also been included (see Appendix D), to help 
consumers understand the reports they receive from their experts. These simplified 
notes may, if the experts so wish, be attached to their reports. 
 

2.2 DEFINING THE MANDATE 

The expert agent’s mandate is to detect, in a given building, the presence or absence 
of a granular backfill liable to swelling due to the presence of pyrite and other iron 
sulphides in certain petrographic facies. The agent must determine whether the risk of 
swelling is sufficiently significant to cause or have caused obvious damage to the 
building and to justify remedial work. The agent must also determine whether the 
granular backfill presents a significant risk of sulfatizing likely to lead to obvious 
heaving and lifting of the concrete slab. 
 
The mandate is subdivided into three separate sections, i.e. visual inspection, 
sampling and laboratory testing. The information gathered and results obtained are 
then presented in a model report (see Appendix A). The report must include a 
summary and a proposed solution. 
 
All mandates must be carried out in accordance with the requirements of procedure 
CTQ-M200, as proposed by the Comité technique québécois d’étude des problèmes 
de gonflement associés à la pyrite. A model contract is presented in Appendix C. 
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2.3 VISUAL INSPECTION 

2.3.1 Purpose 

The purpose of the visual inspection is to determine the presence or absence of 
apparent damage that may have been caused by heaving of the floor slab due to 
sulfatic swelling of the aggregate and/or sulfatizing of the concrete, and to quantify the 
extent of any damage detected.  
 
Generally speaking, this type of damage will not be visible for approximately ten years. 
 

2.3.2 Equipment 

The basic kit for the visual inspection should include the following elements: a 2-metre 
(min.) level, a straight ruler with 30-mm spacers, a geologist’s hammer and a range of 
measuring instruments (tapes, vernier, etc). 
 

2.3.3 The Inspection Procedure 

The first step is to identify the building itself, i.e. its civic address, type of construction, 
year of construction, current owner, etc. This information is recorded on the table in 
section 1.0 of the report. 
 
The visual inspection (indoor and outdoor) should be carried out using the tables 
shown in section 2.0 of the model report, along with a sketch summarizing the damage 
detected on the visually observable elements. 
 
The inspection should include a visual examination of the elements likely to be 
damaged by sulfatic swelling of the aggregate, i.e.: 
 
 
- Concrete floor slabs: 

• Straight and/or honeycomb cracking, together with differences in levels and/or 
swelling; differences in levels are measured using a straight ruler with 30-mm 
spacers at each end. Measurements are taken in the centre of the ruler; 

• Signs of sulfatizing. 
 

- Elements resting on the concrete floor slabs: 
• Partitions, doors, etc. These elements may be damaged by aggregate swelling 

and/or heaving of the underlying floor slab, and may be cracked or buckled or, 
in the case of doors, difficult to close, etc.; 

• In some more severe cases, damage may be detected on the ground floor of the 
building, e.g. cracking of partition walls, lifting of the floorboards, etc. 
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- Foundation walls: 

• The foundation walls may have been damaged by aggregate filling, exhibiting 
subvertical cracking and, in some cases, outward displacement. If such damage 
is detected, the position of the cracks and their maximum width should be 
described in the report. Lateral displacement of a foundation wall should be 
estimated in mm. 

2.4 SAMPLING 

2.4.1 Purpose 

The purpose of the sampling process is to obtain samples of the materials (concrete, 
granular backfill and natural land) that are as representative as possible, and to ensure 
that those samples are not contaminated when they are transported to the laboratory. 
 

2.4.2 Equipment 

An electric chiseller equipped with a diamond sampler at least 150 mm in diameter is 
generally used to drill the concrete. Samples of granular materials can be obtained 
manually, using an auger bit, a split spoon, etc. 
 
For loose natural materials, samples are generally obtained using a split spoon to dig 
to a depth of 150 mm. In the case of rock, a 50 to 75-mm diameter diamond sampler is 
used with the chiseller. 
 

2.4.3 Number of Samples and Location 

Generally speaking, one sample should be taken per floor slab level (elevation). 
 
For appraisals of residential buildings, an initial sample should be taken in the 
basement section and another in the garage (if any). In the basement, the sample may 
be taken anywhere (laundry room, under the staircase, etc.) because the underlying 
stone should be of the same type everywhere. However, samples taken close to a 
foundation wall (less than 1 metre) will give an idea of the type of ground on which the 
sill lies. 
 
In the garage, the sample should be taken within 1 metre of the garage door and 
outside foundation wall, where the excavation is deepest. Garages must always be 
sampled even when they are located on the same level as the basement. 
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2.4.4 Methodology 

2.4.4.1 Drilling Diameter 

Samples should be not less than 150 mm in diameter. However, a larger chiseller bit 
(e.g. 250 mm) will make it easier to recover a larger amount of material. 
 

2.4.4.2 Drilling Depth  

For the initial basement sample, the aggregate should be sampled over its full depth. 
Material under the aggregate (e.g. natural land, sand, granular borrow, rock 
foundation, etc.) must be identified and sampled over a minimum depth of 150 mm. If 
the natural soil is composed of foundation rock, it must be sampled by means of core 
drilling. A chiseller bit with a diameter of 50 mm to 75 mm can be used for this. If the 
foundation rock is not considered liable to swelling (e.g. granite, syenite, etc.), drilling 
should be to a minimum depth of around 75 mm. 
 
In some specific cases, buildings may have been built on land that was backfilled to a 
significant depth, making it difficult to sample the natural soil. In such cases, the 
granular material underlying the floor slabs should be sampled to a minimum depth of 
450 mm below slab level, and the report should indicate that the natural soil was not 
sampled. 
 
For the second sample in the garage, the aggregate should be sampled to a minimum 
depth of 450 mm below slab level. If different types of materials are recovered during 
sampling, each type will have to be analyzed separately. 

 
2.4.4.3 Presenting the Information 

A table presenting the sample stratigraphy (see model report, section 3.2.3) must be 
drawn up after the samples have been taken. 
 
The types of materials recovered and their respective depths must be noted in the 
table. 
 
All other relevant information and observations must also be included in the report – 
for example, the presence of a space between the slab and backfill, and the presence 
of a membrane, a polyethylene film or other similar material. The materials used 
should also be compared to usual standards (concrete quality, grain size distribution, 
etc.). 
 
The samples taken (concrete, granular material, natural soil, etc.) should be placed in 
separate bags. The bags should be labelled with the project number, sample number, 
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recovery depth and date. Each type of granular material recovered during sampling 
should be placed in a different bag for laboratory analysis.  
 
The drill holes must be filled at the end of the sampling process, first with compacted 
granular material and then with a quick-drying mortar or cement concrete at slab level. 
 
The locations of the drilling sites should be shown on the sketch in the report (see 
model report, section 2.4). 

2.5 LABORATORY TESTS 

2.5.1 Purpose 

The purpose of the laboratory tests is to identify the type of granular material used and 
to estimate its potential for swelling and/or sulfatizing. They also serve to establish the 
characteristics of the concrete and natural soil. 

2.5.2 Equipment 

The laboratory must have access to all the equipment required to characterize 
materials. See standard NQ 2560-500 for further details. 

2.5.3 Stage 1 Tests 

2.5.3.1 Concrete Analysis 

The concrete is examined visually to determine: 
 
- Its general quality; 
- Its depth; 
- The presence of a surface covering; 
- The presence of sulfatizing; 
- The presence of discolouration; 
- The presence of a membrane or polyethylene sheet under the floor slab; 
- Etc. 
 
All the above information should appear in the report (see section 4.2 of the model 
report, Appendix A). 
 

2.5.3.2 Particle Size Analysis  

For materials with a broad grain size distribution and/or a high nominal diameter, the 
particle size analysis should be performed in accordance with standard NQ 2560-040 
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up to 5 mm sieve level. For finer materials (sand, pellets, etc.), the particle size 
analysis should be performed in accordance with the same standard from 5 mm sieve 
level onwards. The results of the particle size analyses are usually presented in an 
appendix to the report. 
 

2.5.3.3 Petrographic Study of the Aggregate 

The aggregate analysis includes a macroscopic examination using a 
stereomicroscope, along with identification of the petrographic facies and their 
respective petrographic indicators (PI). Each petrographic facies is allocated a PI 
(petrographic indicator) ranging from 0.0 (zero potential) to 1.0 (high potential). Only 
PIs of 0.0, 0.10, 0.25, 0.50, 0.75 and 1.0 can be assigned. See standard NQ 25600-
500 for further explanations of how to calculate and express the results. 
 
An unwashed, unscreened trial sample of at least 500g is used for the 
stereomicroscopic examination. This fraction is not used to calculate the PSPI, but 
comments may be included in the report. Among other things, the examination will 
reveal the composition of the fines (0-5 mm) and the presence of secondary crystals 
before washing. If necessary, the fraction may be used for the chemical analyses in 
stage 2. 
 
The PSPI (Petrographic Swelling Potential Indicator) of the analyzed material is 
established from the weighted percentages of the petrographic facies and their 
respective PIs.  
 
The PSPI can range from 0 to 100, and offers an estimate of the sulfatic swelling 
potential of the material analyzed. An indicator of 0 to 10 suggests a negligible swelling 
potential, while an indicator of 80 to 100 suggests an extremely high level. The 
indicator can only be established by megascopy, and swelling potential must, if 
necessary, be clarified by means of optical microscopic examinations and/or chemical 
analysis. Under the terms of this appraisal procedure, the PSPI is normally calculated 
using fractions 5/10, 10/14 and 14/20 mm for materials with a broad grain size 
distribution. Additional fractions will be required for materials with a high nominal 
diameter (80 mm, for example). 
 
In the case of clean stone, high nominal diameter stone or sand, the selected fractions 
must account for more than 50% of the total, as estimated in the particle size analysis. 
The minimum masses for the most common test portions are presented in the table 
below. 
 

Size Fraction (mm) Minimum Mass (g) 

20 – 31.5 1000 
14 – 20 500 
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10 – 14 250 
  5 – 10 100 
2.5 – 5   25 

Fractions < 2.5 25 per fraction used 
 
The PSPI calculation is reported in table form (see tables 4.3.1 and 4.3.3 of the model 
report in Appendix A). The PSPI is calculated by weighting the percentages of the 
selected fractions as determined by the particle size analysis. 
 
When determining the PSPI, it is also important to note any sign of reactivity (sulphide 
oxidation, secondary sulphate crystals, etc.) in the fragments observed. See sections 
4.3.2 and 4.3.4 of the model report. 
 
The following table, for information purposes only, presents the petrographic swelling 
potential generally associated with the different PSPI values. 
 
However, it is very important to note that several other factors (sulphide content and 
type, chemical analyses, residual sulphates, age of building, backfill depth, presence 
of sulfatizing, etc.) must always be considered before making a final decision as to the 
swelling potential of the backfill. The PSPI is never the only criterion to be considered. 

 
PSPI Petrographic Swelling Potential 

(for information purposes only) 
0 – 10 Negligible 

11 – 20 Low 
21 – 40 Low to medium 
41 – 60 Medium to high 
61 – 80 High 
81 – 100 Very high 

2.5.3.4 Study of Materials from the Natural Soil 

Natural soil recovered over a minimum depth of 150 mm (or 75 mm in the case of no-
swelling rock foundation) should be examined using a stereomicroscope to identify the 
nature of the constituent elements (see table 3.2.3 of the model report). 
 
If, upon examination, the materials do not appear to be problematic, no further tests 
are necessary. 
 
However, if potential problems are identified, additional tests can be performed as 
required by the analyst. The type of test will depend on the nature of the materials 
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(clay, rock, sand, etc.). For foundation rock exhibiting signs of swelling (sulphide 
oxidation, presence of secondary sulphate crystals, etc.), the depth of already oxidized 
rock must be established. 
 

2.5.3.5 Summary - Stage 1 

Based on the PSPI, the condition of the concrete and the damage to the building, the 
following chart can be used to decide whether or not stage 2 tests are required. 
 

 Establishing the PSPI  
  

  
PSPI  ≤ 10(1) PSPI > 10(1) 

  
   
Situation 1  Situation 2 Situation 3 Situation 4 
    St

ag
e 

1 
  

- Sound 
concrete, no 
sulfatizing 

- No damage to 
building 

 

- Concrete with 
sulfatizing 
and/or damage 
to building 

 No damage  With damage 

         
   End of tests and 

production of 
report 

 Optional 

             

St
ag

e 
2 

      

- Chemical analyses 
 Stotal 
 Ssulfate and/or 
- Polished thin 

sections 

  

           

   Production of report 
(1) The technical staff carrying out the laboratory tests will need to exercise their 

professional judgment when applying the strategy proposed in the chart. It is their 
responsibility to carry out the tests required to meet the goals of this procedure. 

 
 They may also, at their own discretion, recommend additional tests (concrete 

compression, physical and mechanical tests on aggregate, absorption, etc.) if they feel 
this would be appropriate. 
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2.5.4 Stage 2 Tests 

2.5.4.1 Options 

As the chart shows, in situation no. 1, i.e. where the PSPI ≤ 10 and there is no damage 
to the building, the materials are deemed to have a negligible swelling potential and it 
is therefore not necessary to move on to stage 2. However, all other situations may 
require additional tests. 
 
In situations 2, 3 and 4, it is up to the laboratory staff to decide whether or not stage 2 
tests are required. Their decision should be based on a range of factors including the 
age of the building, the extent of the apparent damage, the owner’s decision to carry 
out repair work, and so on. 
 
Depending on the results of stage 1 and on their own judgment, analysts may, in stage 
2, decide to carry out chemical analyses (Stotal and water-soluble SO4) and/or an 
optical microscopic polished thin section examination. 

 
2.5.4.2 Test Methodology 

The chemical analyses are performed on the test portions stipulated in section 2.5.1.3, 
using the test methods described in Appendix B to this procedure. Two elements are 
measured, namely total sulphur (Stotal) and water-soluble sulphates (water-soluble 
SO4). 
 
The following calculations are then performed, based on the results of the tests: 
 

- Equivalent pyrite content: 
Pyrite equivalent (%) = 1.87 x [% Stotal – (0.334 x % SO4)] 

 
- Equivalent gypsum content: 

Gypsum equivalent (%) = 1.79 x % SO4 
 
The results of these analyses and calculations are considered in the summary, along 
with the other results (PSPI, aggregate thickness, age of building, etc.). 
 
Care is needed when interpreting the values obtained, and the analyst must exercise 
prudence in this respect. The following table indicates (for information purposes only) 
the general correlation between the pyrite equivalent percentage and the chemical 
swelling potential. The potential values shown are for information purposes only, and 
several other elements (petrographic facies, PSPI, sulphate crystalline structure, 
percentage of clay minerals, etc.) must also be considered when drawing conclusions. 
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Pyrite equivalent Chemical Swelling Potential 
0-0.5% Negligible to low 

0.5-1.0% Low to medium 

>1.0% Medium to high 
 
The gypsum equivalent value is interpreted on a case-by-case basis due to sulphate 
solubility, and interpretations are therefore limited. 
 

2.6 SUMMARY AND CONCLUSION 

Section 5 of the model report (see Appendix A) presents the summary and 
conclusions. The parameters we believe should be considered when preparing the 
summary are as follows: 
 
- Damage identified during the visual inspection. 
- Depth and condition of the concrete (sulfatizing). 
- PSPI value. 
- Depth, calibre and apparent density of the aggregate. 
- Potential residual swelling (chemical analyses and/or thin sections). 
- Age of building. 
 
The conclusion must answer the following questions: 
 
1. Has the structure suffered damage that can clearly be linked to slab heaving due to 

backfill swelling and/or concrete sulfatizing? 
2. Does the concrete exhibit signs of sulfatizing, or might it do so in the future?  If so, 

to what extent? 
3. Does the aggregate present a potential for swelling, and if so, to what extent? 
4. Are there any visible signs of a reaction? 
5. Might the reaction continue (potential residual swelling)? 
6. Is damage likely to occur in the future? 
7. Is urgent action required? 

 
Note 3:  If the agent does not carry out the laboratory tests, the report should contain two 

summaries, one by the laboratory relating exclusively to the results of the tests 
performed on the aggregate and concrete, and another, more general summary by 
the agent, relating to the report as a whole. 

 
 If the agent carries out all stages of the appraisal, the report should contain just 

one summary. 
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2.7 POSSIBLE SOLUTIONS 

Section 6 of the model report (see Appendix A) presents possible solutions, depending 
on the summary and conclusion. 
 
Three possible solutions may be proposed: 
 
1) No intervention. 

 Where the aggregate does not exhibit a significant swelling potential, the concrete 
does not exhibit sulfatizing and no damage has been observed, no action or work 
is necessary. 

 
2) Non-imperative intervention. 

 This solution should be proposed where the aggregate is judged to have a low to 
moderate swelling potential. There is a risk of observable damage, such as 
heaving and cracking of the floor slab, but the damage in question will normally be 
well tolerated by the building and will not impact upon its integrity. In such 
situations, significant interventions are not imperative. The parameters listed in 
section 2.6 should be considered. 

 
3) Major intervention. 
 
 Where the swelling potential is significant and extensive damage has been 

occurred or is likely to occur, a major intervention will be required. The degree and 
urgency of the intervention will depend on the criteria listed in section 2.6. The 
condition of the foundation walls should also be considered. 
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Note 4: Appraisals carried out in accordance with this procedure have the specific goal 
of establishing whether or not the granular backfill used in a building presents a 
risk of sulphatic swelling, and if they have already, or may in the future, cause 
damage to the building. When making the visual inspection, an agent may 
identify other types of damage caused by other types of problems – e.g. 
cracking caused by differential settlement of the natural soil. 

 
  Damage caused by problems other than sulphatic swelling should be noted in 

the appraisal report, but care should be taken when interpreting this 
information. 

 
 

2.8 ARCHIVING OF DOCUMENTS AND SAMPLES 

- Reports and other documents must be kept for a period of twenty (20) years by the 
company carrying out the appraisal. 

 
- We recommend keeping samples (concrete, aggregate, etc.) for at least six months. 
 
Note: The length of time for which the laboratory will keep the samples should be clearly 

stated in the report to the building owner. 



CTQ-M200 COMITÉ TECHNIQUE QUÉBÉCOIS 
D'ÉTUDE DES PROBLÈMES DE GONFLEMENT 
ASSOCIÉS À LA PYRITE 

  VVeerrssiioonn  22..00  

APPRAISAL PROCEDURE FOR 
EXISTING RESIDENTIAL BUILDINGS 

  
 

  

 Page 17 of 19
June 4, 2001

 

 

 

3 QUALIFICATIONS OF PROFESSIONAL FIRMS 

3.1 GÉNÉRALITÉS 

In Québec, the legislator uses a range of mechanisms to oversee the competency of 
specialist individuals and firms and hence to protect the general public. These 
mechanisms include exclusive fields, reserved titles and the restriction of certain 
activities to licence or permit holders only. 
 
Collective knowledge of the problem of pyrite is a relatively recent phenomenon, dating 
back to September 1998. The appearance of damage caused by backfill swelling led 
to a demand for professional appraisal services, generating new business 
relationships between firms and members of the general public who are often 
unfamiliar with the fields of construction and geology. 
 
Small building appraisals are currently poorly regulated in Québec. The trend is 
towards a more relaxed regulatory framework and a reduced government apparatus, 
making the process of introducing new legislation both difficult and uncertain, as the 
legislative timetable has other priorities. 
 
Nevertheless, the technical committee believes that pyrite appraisals should be carried 
out by competent building professionals because of the serious financial 
consequences for building owners if the problem is not diagnosed properly. 
 
Given that it is so difficult to change the legislation quickly, the technical committee, as 
an interim measure, has established the following minimum qualifications, in order to 
protect the general public. 
 
These qualifications must be held by all firms and individuals offering services in 
accordance with CTQ-M200. 
 
The Existing Building Appraisal Procedure CTQ-M200 is divided into three sections, 
namely the visual inspection of damage, sampling and laboratory testing. 
 
If the appraisal is carried out by professionals with different affiliations, the report must 
identify the firm responsible for the work, the name of its representative and that 
person’s qualifications (see the model report). 
 
The appraisal agent must always carry out the visual inspection (stage 1) of the 
building in question and, if not personally involved in stages 2 and 3, must always 
ensure that the subcontractors satisfy the requirements of this document and have the 
necessary qualifications. The agent is responsible for directing and carrying out the 
entire appraisal, and thus for signing the report given to the building owner. 
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All personnel involved in an appraisal carried out in accordance with this procedure 
must have recognized professional liability insurance specifically for this type of 
mandate, either through their companies or personally. 
 
To avoid conflicts of interest, appraisals should not be performed by firms able to carry 
out repair work or having a direct or indirect interest in the conclusion of a transaction 
involving the building in question. 
 
The personnel responsible for carrying out the various steps in the procedure should 
hold the following qualifications. 
 

3.2 VISUAL INSPECTION 

The personnel responsible for carrying out the visual inspection should hold the 
following qualifications: 
 
- Duly qualified professional (geologist, engineer, technologist, technician, etc.) 

attached to a laboratory (materials engineering) that is a member of the ACLE 
(Association canadienne des laboratories d’essais). 

- Duly qualified engineer (member of the OIQ). 
- Duly qualified architect (member of the OAQ). 
- Duly qualified building technologist (member of the OTPQ). 
- Any other duly qualified building specialist with knowledge and experience relevant 

to the field. 
 
We also recommend that the personnel responsible for carrying out the visual 
inspection should have training in concrete technology, so as to be able to differentiate 
between common defects in the concrete elements (shrinkage cracks, changes in 
volume, etc.) and damage caused by the presence of backfill liable to swelling. 
 

3.3 SAMPLING 

The samples should be taken using the methodology described in section 2.4 of this 
procedure, by a ACLE member firm registered with the Association for pyrite 
appraisals, under the coordination/supervision of a professional with the qualifications 
stipulated in section 3.1. 
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3.4 LABORATORY TESTS 

The laboratory tests should be carried out by a ACLE member firm registered with the 
Association for pyrite appraisals. 
 
A list of firms registered with the ACLE for pyrite appraisals can be obtained from the 
committee secretariat and from the ACLE’s Web site (www.acle.qc.ca). 
 

3.5 TRACEABILITY 

To ensure that samples are not altered and that traceability is beyond reproach, it is 
usual for the same laboratory to take the samples and carry out the laboratory tests. 
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APPRAISAL PROCEDURE FOR 
EXISTING RESIDENTIAL BUILDINGS 

 
1.0 INFORMATION ON THE BUILDING 
 

- Civic address :   

     

- Type of building :   

- Presence of a garage :   

- Year built :   

- Current owner :   

- Other information :   

     

     

     

     

 
 
2.0 VISUAL INSPECTION OF DAMAGE 
 

Firm carrying out the survey  Date  

By  Qualification  

 
2.1 Outdoor Inspection 
 

Presence of mature trees 
Slope and drainage on the site 

 yes   Slope drains water away from the building 

    Slope towards the building 

    Presence of stagnant water 

 no  Negligible slope 

   Not observable 

Gutters Other outdoor elements 

 Direct water away from the building  
 Direct water towards the building  
 Direct water towards the French drain  
 No gutters  
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2.2 Inspection of Damage in the Basement 
 

Nominal dimensions :  

% of visible concrete surfaces :  Covering:  

Number of cracks in the basement floor slab Foundation walls (basement section) 
 Several fairly straight cracks:     Cracks in the corners:  mm 

 One or two fairly straight cracks:     Cracks between the corners:  mm 

 Several honeycomb cracks:     Wall displaced outwards:  mm 

 One or two honeycomb cracks:     No visible displacement 

 No cracks  No cracks 

 Not observable  Not observable 

Width of cracks Basement partitions 

 Fine:  less than 1 mm  Cracking:   

 Average:  between 1 and 2 mm  Buckling:   

 Significant: over 2 mm ( ) mm  No damage 

 Not observable  No partitions 

Presence of whitish powder in the cracks Basement doors 

 Abundant  Difficult to close 

 Scarce  No damage 

 Elsewhere, not in the cracks  No doors 

 Not observed Damage to the first floor 

Scope of visible differences in level   Lifting of floor:  mm

 Less than 10 mm :  mm  Damaged partitions:   

 10 mm and over :  mm  No damage:   

 No visible differences in level  No damage to the first floor 

Evidence of excessive damp (indoor/outdoor)  

 Observed :    

 Not observed  

Comments: 
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2.3 Inspection of Damage in Garage 
 

Nominal dimensions (slab) :  Slab elevation:  Street         Basement

% of observable surfaces :  Covering:  

Number of cracks in the garage floor Foundation walls (garage section) 

 Several fairly straight cracks:     Cracks in the corners:  mm 

 One or two fairly straight cracks:     Cracks between the corners:  mm 

 Several honeycomb cracks:     Walls displaced outwards:  mm 

 One or two honeycomb cracks:     No visible displacement 

 No cracks  No cracks 

 Not observable  Not observable 

Width of cracks Rooms adjoining the garage 

 Fine:  Less than 1 mm  Yes :   

 Average:  Between 1 and 2 mm  Damage :   

 Significant: over 2 mm ( ) mm  No damage 

 Not observable  No adjoining rooms 

Presence of whitish powder in the cracks Cars washed in the garage 

 Abundant  Frequently 

 Scarce  Rarely 

 Elsewhere, not in the cracks  Never 

 Not observed  Information not available 

Scope of visible differences in level Average winter temperature in the garage 

 Less than 10 mm :  mm  > 10°C 

 10 mm and over :  mm  0 – 10°C 

 No visible differences in level   Garage not heated 

Evidence of excessive damp (indoor/outdoor)  Information not available 

 Observed :     

 Not observed 

Weep hole Garage door 
 Appears watertight  Slab lifted near the door 

 Does not appear watertight  No visible lifting 

Comments: 
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2.4 Sketch (Basement, Garage and Outdoor Area) 
 
 - Plan view 
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3.0 SAMPLE DRILLING 
 
3.1 Information on the Firm 

ACLE firm carrying out the sample drilling:  Date:  

By  Qualification  

 
3.2 Sampling 
 
3.2.1 Location of sample sites*: 

Number of samples taken :     1   2  

Sample no. 1 :  (see sketch) 

Sample no. 2 :  (see sketch) 

* Sample no. 1 is always taken in the basement. 

 
3.2.2 Technical details: 

Equipment used :   

Drill diameter :   

Comments :   

    
 
3.2.3 Sample stratigraphy: 

Type of Material No. 1 (Basement) Comments No. 2 (Garage) Comments 
Cement concrete 
-  depth 0 to             mm  0 to             mm  

Presence of space under the 
floor slab Yes        No    mm Yes        No     mm 

Presence of covering Yes        No    Yes        No    

Presence of polyethylene Yes        No    Yes        No    

Granular backfill no. 1     

 Depth from      mm to        mm  from      mm to        mm  

 Grain-size bracket   mm    mm 

     

Granular backfill no. 2     

 Depth from      mm to        mm  from      mm to        mm  

 Grain-size bracket   mm    mm 

     

Natural soil or granular borrow from      mm to        mm  from      mm to        mm 

 Type        

    

 

- Level of water recovered at   mm N/O    mm N/O  
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4.0 LABORATORY TESTS 
 
4.1 Information on the Firm 
 
 

ACLE firm carrying out the tests:  Date:  

By  Qualification  

 
 
4.2 Visual inspection of cement concrete 
 

Sample No. 
 

1   (Basement) 2   (Garage) 

Thickness mm mm

Surface cover 
No  

Yes    

No  

Yes   

General quality   

   

   

Concrete sulfatizing No       Yes   No       Yes   
- Thickness of sulfatizing without 

delamination  mm  mm 
- Thickness of sulfatizing with 

delamination  mm  mm 
- Thickness of sulfatizing with 

disintegration  mm  mm 

- Total thickness of sulfatizing  mm  mm 
   
Comments:   
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4.3 Petrographic Analysis of Granular Backfill 
 
4.3.1 Establishing the PSPI (Basement): 
 
- See the particle size analysis in Appendix A 
 

- Calibre of materials :  Clean stone  mm  Stone 0-20 mm  
Other: 

 mm

 
Size Fractions 

mm mm mm mm
% weighted 
deduction:   

% weighted 
deduction:   

% weighted 
deduction:   

% weighted 
deduction:   

Petrographic Facies IP 

% PSPI % PSPI % PSPI % PSPI 

1.           

2.           

3.           

4.           

5.           

6.           

 PSPI per fraction          

 PSPI for the material:    
 

4.3.2 Observations – Sample No. 1 (Basement) 

- Evidence of sulphide oxidation :  

    

- Presence of secondary sulphate crystals :  
    

- Other results and comments:  
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4.3.3 Establishing the PSPI – Sample No. 2 (Garage): 
 
- See the particle size analysis in Appendix A 
 

- Material calibre :  Clean stone  mm  Stone 0-20 mm  
Other: 

 mm 

 

Size Fractions 
mm mm mm mm

% weighted 
deduction:   

% weighted 
deduction:   

% weighted 
deduction:   

% weighted 
deduction:   

Petrographic Facies IP 

% PSPI % PSPI % PSPI % PSPI 

1.           

2.           

3.           

4.           

5.           

6.           

 PSPI per fraction          

 PSPI for the material:    
 
 
4.3.4 Observations – Sample No. 2 (Garage) 

- Evidence of sulphide oxidation :  

    

- Presence of secondary sulphate crystals :  

    

- Other results and comments:  
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5.0 SUMMARY 
 
5.1 LABORATORY TESTS 
 
5.1.1 Basement Section 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.1.2 Garage Section 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Approved by  :  
(Sections 3.0, 4.0 and 5.1)  
Qualification  :  
  
Firm :  
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5.2 GENERAL SUMMARY 
 
5.2.1 Basement Section 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.2.2 Garage Section 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: If the agent is a laboratory that performed all elements of the appraisal, the 

Laboratory and General summaries may be combined. 
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6.0 PROPOSED SOLUTIONS 
 
6.1 Basement Section 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.2 Garage Section 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Approved by  :  
(Sections 1.0, 2.0, 5.2 and 6.0)  
Qualification  :  
  
Firm :  
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Chemical Analysis Methods Page B1 of 4 
 

 
Appendix B presents the principle and method for total sulphur ( Stotal ) and water-soluble 
sulphate ( SO4

- - ) or copper sulphide (Scopper) analyses. It also contains the list of solutions to be 
prepared. 
 
B.1. Preparing the Sample: 
 

The unwashed, unscreened test portion of at least 500 g stipulated in section 2.5.1.3 of 
the procedure is used for this test. 
 
1. Crush the sample until an aggregate able to pass through the 5 mm screen is 

obtained; 
2. Crush the fraction to a powder using a chrome steel disc pulverizer to obtain a 

particle size able to pass through the 315 µm screen; 
3. Divide the crushed fraction using a pallet splitter to obtain a representative fraction of 

80 g; 
4. Crush this fraction in a vibrating pulverizer (Bleuler mill) to obtain a powder able to 

pass through the 80 µm screen. This fraction is then divided to form the test portions 
for the analyses. 

 
Set aside the fractions rejected by the splitter, for control purposes. 
 
Between each operation, make sure all equipment and instruments (crusher, pulverizer 
rollers, vibrating pulverizer components, dishes, etc.) are cleaned properly to avoid any 
risk of contamination. 

 
B.2. Total Sulphur (S): 
 
B.2.1 Analysis Principle: 
 

When a sample containing sulphur is heated to a temperature of 1,4000C in an oxygen 
jet, the sulphur is converted into SO2. The sulphur gas emitted in the process is carried 
into the analyser with the oxygen flow. 
 
The SO2 and O2 gases are diverted to the analyzer containing potassium iodide (KI), 
hydrochloric acid (HCl), starch and enough potassium iodate (KIO3, the titrant) to release 
free iodine (I2). The free iodine, in the presence of starch, turns the solution blue. The 
addition of SO2 in the form of gas bleaches the solution. KIO3 is then added using a 
burette, to restore the blue colour. These operations are repeated until all the SO2 has 
reacted, i.e. until a surplus of residual free iodine maintains the blue colouring, at which 
point the sulphur percentage can be measured. The burette containing the KIO3 is 
calibrated to give a direct reading of the sulphur concentration. 
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The sulphur equivalent is based on the following reactions:  
 

HISOHOHISO
OHKClIHClKIKIO

22
36365

42222

223

+⇔++
++⇔++

 

 
B.2.2 Description of the Apparatus:  
 

The recommended titrator is manufactured by Leco. It is an induction furnace that burns 
the sample in the presence of a pewter catalyst (“Lecocel”) to accelerate combustion. It 
includes an oxygen jet and a pipe-still able to attain a temperature of 1,4000C. As the 
combustion gas exits the tube, it is directed through a glass wool filter to remove stannic 
oxide dust. The combustion gas is then directed to the bubbler tube of the self-circulating 
titrator containing the titrant. 

 
B.2.3 Method (Iodometry): 
 

1. Weigh between 0.1 and 0.5 g of the powder sample able to pass through a 80 µm 
screen, as obtained in step 5 of the sample preparation process; 

2. Place the weighed fraction in a ceramic crucible free of sulphur; 
3. Add the Lecocel pewter catalyst (~5 g) so that it covers the sample; 
4. Place the crucible in the combustion furnace; 
5. Open the oxygen jet and allow it to bubble for a few minutes, to clean the apparatus; 
6. Fill the self-circulating titrator with the hydrochloric acid solution (1.5% v/v) and add 

approximately 3 ml of starch solution; 
7. Titrate until a bluish colour begins to appear; 
8. Switch on the induction furnace; 
9. Add titrant until the blue colour disappears; 
10. Allow to bubble for approximately 2 to 3 minutes when bleaching ceases, then take 

a reading from the burette containing the titrant; 
11. Calculate the total sulphur percentage using the following equation: 

 
[ ]

ofsampleweight
mlreadingStotal  (g) 

)(5.0
% =  
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B.3 Water-soluble Sulphate ( SO4 - -): 
 
B.3.1 Barium Chloride Gravimetric Method: 
 
B.3.1.1 Preparing the Extraction: 
 

1. Weigh 25 g of the powdered sample able to pass through the 80 µm screen, as 
obtained in step 5 of the sample preparation process; 

2. Boil around 300 ml of distilled, demineralized water in a 600 ml glass beaker; 
3. Add the 25 g sample to the solution, then boil for at least 10 minutes; 
4. Let the solution stand in the beaker for 24 hours, covered with a watch glass; 
5. Vacuum filter using a no. 42 filter in a 12.5 cm porcelain funnel; 
6. Wash the filter with distilled, demineralized water; 
7. Collect the filtrate in a beaker and inspect for cleanliness; 
8. If the filtrate is not clean, vacuum filter it a second time using a 0.22µm Millipore 

filter. 
 
B.3.1.2 Gravimetric Method: 
 

1. Transfer the filtrate to a 600 ml beaker and add a few drops of methyl orange 
indicator; 

2. Make the solution slightly acid by adding a few drops of HCl (1:1); 
3. Add an additional 5 ml of HCl (1:1); 
4. Bring the solution to a boil; 
5. Add 10 ml of barium chloride solution (10%), stir well with a glass rod to promote 

nucleation of the barium sulphate, and continue to boil for several minutes; 
6. Allow the solution to stand for 24 hours, covered with a watch glass, so that the 

barium sulphate can precipitate; 
7. Prepare the Gooch crucibles for filtering by covering the bottom with chrysotile 

fibre until an adequate filter is obtained; 
8. Calcine the Gooch crucibles until they are dark red; 
9. Allow them to cool in a dessicator; 

10. Weigh the cooled Gooch crucibles until a constant weight is obtained; 
11. Vacuum filter the solution containing the barium sulphate precipitate, over a 

calibrated Gooch crucible; 
12. Thoroughly wash all particles from the initial solution in the beaker, using 

distilled, demineralized water; 
13. Calcine the Gooch crucibles until they are dark red; 
14. Allow them to cool in a dessicator; 
15. Weigh the cooled Gooch crucibles until a constant weight is obtained; 
16. Calculate the water-soluble SO4

- - percentage using the following equation:  
 

[ ]
)(

)(.154.41
% 4 mgmasssampleinitial

mgmasssulphatebariumSO =−−
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B.3.2 Turbidimetric Method (Recommended Method) 
 
B.3.2.1 Preparing the Extraction: 
 

1. Weigh 10 g of the powdered sample able to pass through a 80 µm screen, as 
obtained in step 5 of the sample preparation process; 

2. Place the sample in a 250 ml beaker containing 100 ml of distilled, demineralized 
water; 

3. Place the beaker containing the sample in the microwave (750 watts) for 3 
minutes on high; 

4. Vacuum filter the solution using a no. 42 filter in a 12.5 mm porcelain funnel; 
5. Wash with distilled, demineralized water; 
6. Vacuum filter again, using a 0,22µm Millipore filter; 
7. Transfer the filtrate into a 250 ml calibrated balloon. 

 
B.3.2.1 Turbidimetric Dosage: 
 

• Measure out the sulphates extracted using standard method no. 4500-SO4
2- E 

Turbidimetric Method in accordance with the following reference: 
 

STANDARD METHODS for the Examination of Water and Wastewater (17e 
édition 1989 ) Publication Office: American Public Health Association, 
Washington, DC 20005. pp 4-207 and 4-208. 

 
B.4 List of Solutions Required:  
 
B.4.1 Hydrochloric acid solution (HCl) 1.5 % v/v: 
 

30 ml of concentrated hydrochloric acid (HCl) in 2 litres of distilled, demineralized 
water 
 

B.4.2 Titration solution: 
 
Dissolve 0.2069 g of potassium iodate (KIO3) in 1 litre of distilled, demineralized 
water 
 

B.4.3 Starch solution plus iodide: 
 
Add 3 g of starch to 10 ml of distilled, demineralized water, mix to a paste and place 
the paste in 250 ml of boiling water. Cool and add 10 g of potassium iodide (KI) then 
dilute to 500 ml using distilled, demineralized water 
 

B.4.4 Barium chloride solution ( BaCl2 ) 10 % p/v 
 
Weigh 50 g of BaCl2 into a 600 ml beaker and add 500 ml of distilled, demineralized 
water. 
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AGREEMENT CONCERNING PROFESSIONAL MATERIALS 
ENGINEERING SERVICES  

 
 
This AGREEMENT is made between                                                                 hereinafter referred to as the “CLIENT”, and   
, who hereby agree as follows: 
 
1. DECLARATIONS 
 
 The CLIENT requires                                              to provide professional services in order to carry out a technical appraisal that 

will determine the presence or absence of a granular backfill liable to swelling due to the presence of pyrite. 
 
 Building  : 
 Address:  
 
 Hereinafter “the PROJECT”. 
 
2. DESCRIPTION OF MANDATE 
 
                                                   undertakes to provide professional appraisal services in the field of materials engineering, 

together with related services, to determine the swelling potential due to the presence of pyrite in the aggregates underlying the 
floor slabs of the PROJECT, in compliance with Procedure CTQ-M200 recommended by the Comité technique québécois 
d’étude des problèmes de gonflement associés à la pyrite, as described more specifically in Appendix 1 to this Agreement, and 
in accordance with the following special clauses. The Firm hereby undertakes to hold the appropriate professional insurance to 
cover errors and omissions. 

 
3. SPECIAL CLAUSES 
 
  
 
4. FEES 
 
 The fees for the carrying out of the appraisal shall be $                              plus applicable taxes of $                         for a lump 

sum total of $                                                     . 
 
 A deposit of $                            shall be paid prior to the carrying out of the appraisal, and the balance of $   

shall be paid when the report is submitted. 
 
  These fees include the stage 2 tests if necessary 
 
  These fees do not include the stage 2 tests. An additional amount of $                will be charged if these tests are 

necessary. 
 
5. TIMETABLE 
 
 The appraisal report shall be submitted no later than                         working days after the termination of work on the 

PROJECT site. 
 
6. SCOPE OF THE AGREEMENT 
 
 This AGREEMENT, including the general and special clauses, constitutes the full agreement between the CLIENT and …, and 

replaces all prior written or verbal negotiations, agreements or discussions on this subject. This AGREEMENT may only be 
modified by means of a written text. 

 
 
Signed on      at           
 
Province of    
 

((CCLLIIEENNTT’’SS  NNAAMMEE))              

     
             Agent’s Representative 



 

  

 

 
 
 

CTQ-M200 
DESCRIPTION OF MANDATE 

RESIDENTIAL BUILDING APPRAISAL 
 
 
 
To be done on the project site: 
 
�� Inspection of visually observable damage, concentrating on elements likely to be affected by 

slab heaving due to the presence of pyrite in the underlying aggregate. 
�� Drilling to obtain                 sample(s) of the floor slab concrete and underlying aggregate. In 

the basement, the aggregate must be sampled across its full depth, and the natural soil over a 
depth of 150 mm. In the garage, the aggregate must be sampled over a minimum depth of 
450 mm below the floor slab. 

 
 
Laboratory work: 
 
�� Inspection(s) of concrete and determination of its general quality 
�� Particle(s) size analysis of the aggregate 
�� The tests stipulated in stage 1 of Procedure CTQ-M200 (determination of petrographic facies 

and respective percentages, evidence of sulfatic reaction, cumulative PSPI). 
�� Based on the stage 1 test results, additional tests as stipulated in stage 2 (chemical analysis 

and/or polished thin section examination) may be required. 
 
 
Content of appraisal report: 
 
�� Identification of the property. 
�� Description of the damage, with a sketch. 
�� Results of drilling and sampling of materials. 
�� Results of laboratory tests and observations. 
�� Summary and discussion of results. 
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The Problem of Swelling Associated With Pyrite 
 
These notes are intended to help consumers understand the technical reports prepared by the 
specialists. 
 
 
1.0 BASIC NOTIONS 

 
Pyrite (FeS2) is the main iron sulphide responsible for swelling and is also one of the most 
abundant minerals on the planet. Pyrite is found in several different types of rock, in fairly low 
percentages  (< 1%). 
 
Pyrite exists in different forms, namely massive (chemically stable) and “framboidal” (chemically 
unstable). The framboidal form is characterized by an agglomeration of very small cubic crystals 
(not visible to the naked eye) with a very large specific surface. In some conditions, this form of 
pyrite can oxidize in the presence of water and react with other minerals present in the same rock 
to form gypsum. Gypsum, when it forms, occupies a much greater volume than pyrite, causing 
swelling of the granular backfill. The swelling produces cracking and causes concrete floor slabs to 
heave. In some cases, especially in garages, the foundation walls may also crack and be displaced 
outwards. 
 
The chemical solutions formed during pyrite oxidation can be absorbed by the concrete, causing 
the concrete floor slab to sulfatize and heave. The swelling thus has two constituent elements, 
namely swelling of the aggregate and intrinsic swelling of the concrete slab. 
 
This chemical reaction is generally slow, and it takes between 10 and 15 years after the building is 
constructed before it is visible to the occupants. Slab displacement levels vary, but can be as high 
as 5 mm per year. 
 
The chemical reaction can remain active over long periods (more than 40 years, for example). The 
speed and extent of the reaction will depend on several factors, including the depth of the backfill, 
the percentage and type of pyrite present, the water content and porosity of the materials, and so 
on. 
 
The presence of backfill liable to swelling because of pyrite has no impact on the environment or 
the health of the building in question. 
 
Problematic aggregate is generally composed of significant percentages of argillaceous limestone 
and argillaceous shale. These rocks are composed mainly of clay minerals and carbonates 
(CaCO3), in varying proportions. They also contain variable percentages of pyrite, but generally not 
more than 1%. 
 
Because these types of rock contain significant percentages of clay minerals, they are more 
permeable to air and water and less resistant to gypsum crystallization. 

 
The percentages of these types of rock in aggregate can vary considerably. For example, materials 
with very high swelling potential may be mixed with others that have negligible swelling potential, 
and there are, of course, many intermediate materials between these two extremes. The 
geographical sectors most affected by swelling are located close to geological formations rich in 
that particular type of rock, which is mined locally and may be used as granular backfill under 
concrete floor slabs. 
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Most aggregates used as underfloor backfill contain pyrite and other sulphurs, but a very large 
percentage of buildings will never exhibit symptoms of pyrite-related problems. This is because 
pyrite found in hard rock with low clay mineral contents does not oxidize and the materials remain 
stable. 
 

 
2.0 APPRAISAL PROCEDURE CTQ-M200 

 
The Comité technique québécois d'étude des problèmes de gonflement associés à la pyrite has 
proposed this appraisal procedure as a means of standardizing surveys and ensuring that they are 
carried out professionally. 
 
The procedure is broken down into three steps, namely: 
 
- Visual inspection of damage. 

- Drilling and removal of samples. 

- Laboratory tests. 
 

VISUAL INSPECTION 

 
- The firm you engage for the survey must carry out the visual inspection. The inspection takes 

place both inside and outside the building, and the inspector will note all defects that may be 
related to the presence of pyrite. 

- Tables and sketches are used to present the visual inspection findings. 
 

Note: The visual inspection may reveal certain defects not related to pyrite. For example, many 
residential buildings in the Montreal region were built on clay soil that may, over time and 
for a variety of reasons, subside and cause cracking in the floor slabs. Another common 
example is shrinkage cracking in concrete. Shrinkage cracks are usually fine (less than 1 
mm) and are caused when the concrete dries out too quickly after laying. Although ugly, 
the cracks have no impact on the building’s structural stability. They may, however, lead 
to water infiltration, thus playing an indirect part in the chemical reaction that causes 
pyrite to swell. 

 
 Other types of defects may also be identified (subsidence related to inadequate 

compacting of the backfill, efflorescence, scaling, heaving due to frost, etc.). 
 
 Although the purpose of the appraisal is to determine whether or not the building is or 

may be affected by swelling of the backfill, the visual inspection should give the inspector 
some indication as to the nature of the defects if in fact the appraisal clearly shows that 
they are not related to the presence of pyrite. 
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Obtaining Samples 

 
- Drilling for samples in the basement and garage (if any) is carried out by a laboratory. Where 

the building has a garage, two sets of samples must be taken because it is rare for the same 
types of materials to be used in both the basement and the garage. 

- Drilling diameters range from 150 mm to 250 mm and over. 

 

- The basement sample must comprise concrete, granular backfill and natural soil. It is very 
important to obtain a sample of the natural soil because it may be wholly or partly responsible 
for the damage to the building. In the garage, the aggregate must be sampled over a minimum 
depth of 450 mm. 

- The drill holes are plugged with sand and a quick-drying mortar or cement concrete. 

 

Laboratory Tests 

Stage 1 

 
The purpose of the stage 1 tests is to determine the PSPI (petrographic swelling potential indicator). The 
indicator varies from 0 to 100 but is not a percentage. It is intended to be a visual evaluation of the 
sulphatic swelling potential of the materials used. An indicator of between 0 and 10 suggests a negligible 
potential, while at the other extreme an indicator of between 80 and 100 suggests a very high potential. 
 
The following table, drawn up for information purposes only, presents the petrographic swelling potential 
that may generally be associated with the different PSPI values. 

 
 

PSPI Petrographic Swelling Potential (information 
purposes only) 

0 – 10 Negligible 
11 – 20 Low 
21 – 40 Low to medium 
41 – 60 Medium to high 
61 – 80 High 

  81 – 100 Very high 
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However, it is very important to remember that several other factors, including pyrite content and type, 

chemical analyses, residual pyrite, age of the building, backfill depth, whether or not the concrete has 

sulfatized, and so on, must be considered before drawing a definitive conclusion as to the swelling 

potential of the backfill. The PSPI is never the only factor to be considered. 

 
 
If the stage 1 tests show an indicator of 10 or below and there is no apparent damage to the building, 
further tests are not usually required (although the inspector may, in some cases, ask for additional tests 
to support his or her conclusions). In all other situations, stage 2 tests are generally required. 
 
Stage 2 

 
Additional tests are generally carried out to clarify the swelling potential of the aggregate used under the 
building. 
 
Chemical analyses and/or microscopic inspections (polished thin sections) are carried out to determine 
pyrite content, pyrite type, the percentage of pyrite that has already reacted, and so on. 
 
If stage 2 tests are required, the report will obviously be delayed. 
 
Once the appraisal procedure has been completed, a report of the results and observations is prepared. 
The summary will contain one of the following three recommendations: 
 
1) No intervention 
Where the aggregate does not present a significant swelling potential, the concrete has not sulfatized and 
no damage has been identified, no further intervention or work will be recommended. 
 
2) Non-urgent intervention 
In some cases the tests will reveal the presence of aggregate with a low to medium swelling potential. 
These materials may cause visible damage, such as heaving and cracking of the floor slab, but such 
damage will usually remain at a level that is well tolerated by the building and will not affect its integrity. In 
such situations, there is no urgent need for action. 
 
3)      Major intervention 
Where the aggregate presents a high swelling potential and significant damage has already occurred or is 
expected to occur, a major intervention must be considered. It is also important to consider the state of 
the foundation walls. Major interventions involve demolishing the concrete floor slab and replacing the 
aggregate by chemically stable materials. 

 
In such a case, the report should include comments on the urgency of the work.  


