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Abstract 
 This paper summarizes the results and experience of the use of the petrographic method, 
developed by RILEM as AAR-1, to assess the alkali reactivity of aggregates. This project is a part of 
the European research project PARTNER (2002-2006).  

22 different European aggregates were selected for petrographic analysis. 13 laboratories 
participated, whereas six perform such analysis regularly. In total 123 single analyses were performed.  

The overall experience from the testing program is that the spread in results between the 
laboratories for about half of the aggregate types is very high. However, four of the most experienced 
laboratories presented results with rather low spread. Several parameters can influence the spread in 
results. The most important ones are most likely the lack of experience from analysing foreign 
aggregate types and too little co-ordination between the petrographers.  
 Eight laboratories were also involved in a precision trial. Also these results are presented in the 
paper. 
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1 INTRODUCTION 
 This paper presents the results of an evaluation of the use of the petrographic method, 
developed by RILEM as AAR-1, to assess the alkali reactivity of European aggregates. It is one of a 
series of such evaluations, carried out under Work Package 3 (task 3.1) in the PARTNER programme 
/1/. The R&D programme has evaluated the tests developed by RILEM, and some regional tests, for 
their suitability for use with the wide variety of aggregate and geological types found across Europe 
and calibrated the results of these accelerated tests (9 in total) against behaviour in concrete in real 
structures and in field sites (cubes).  

During the Partner Project precision trials were also carried out for four of the RILEM 
methods (Work Package 4, task 4.1).  This paper also includes the main findings from the precision 
trial by use of the petrographic method. 
 
2 METHOD 

The petrographic method is a test method used as a “first step” to assess the reactivity of 
concrete aggregates. A detailed description of the RILEM AAR-1 Petrographic method was published 
in Materials and Structures in 2003 /2/.  
 The method is carried out by two mutually beneficial techniques; a standard petrographic 
examination of the aggregate particles and a detailed microscopical examination of thin-sections which 
may incorporate point-counting. An initial inspection of the aggregate material should be undertaken 
to assess which technique(s) should be employed.  
 This RILEM AAR-1 petrographic method allows for three different technique(s) / 
procedure(s) to determine the reactivity of a particular aggregate sample: 

  
1. The hand separation technique by lithological characteristics of aggregate particles is most 

appropriate with coarser gravel aggregates where the different constituent of an aggregate are 
easily separated by eye, colour, density, physical characteristics etc (i.e. porous flints, or light 
coloured limestones and dark coloured basalt in the same gravel). In such circumstances it may 
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not be necessary to study thin-sections of selected aggregates to enable fuller identification of 
the material. After separation selected particles can, if felt necessary, then be thin sectioned to 
determine the microscopical reactivity related characteristics. This procedure is named 
“Particle separation”. The procedure is regarded to be attended with uncertainty and is not 
suited for unfamiliar or “complex” aggregate types.  

 
2. For aggregates in which individual particle lithologies cannot be determined easily or there is 

clear variability of reactivity between the different parts of the aggregate particles at a 
microscopical scale, the point counting technique should be employed. This procedure is 
named “Point count analysis” and is in most cases the most accurate method for identification 
of the different rock types. An exception may be when the hardness of the different rock types 
in the aggregate is very different. If so, a crushing process may enrich weak rock types in the 
finest fractions, and an examination of the small fractions can give a false result compared with 
the content of the different rock types in the coarse fractions. 

 
3. If a crushed rock aggregate has uniform characteristics for determination of its reactivity, for 

example a silicified limestone, greywacke, or a coarse holocrystalline granite, then a thin section 
of the total aggregate particles can be produced to determine lithological characteristics. This 
procedure is named “Whole rock petro”.  

 
All of these procedures are useful in establishing the reactivity of an aggregate, and none 

should be discounted as a technique of determining reactivity. The technique selected should be based 
on an initial macro-examination of the aggregate sample received. In reference to the RILEM AAR-1 
method it is not compulsory to have to use only one of these specified techniques. 
 For the “Point count technique” the following procedure is described: For the coarse fractions 
(> 4 mm) two thin sections of the fraction 2-4 mm (after crushing) should be prepared and analyzed. 
For the sand fractions (≤ 4 mm) two thin sections of the fraction 2-4 mm, one thin section of the 1-2 
mm fraction and one thin section of the 0.063-1 mm fraction should be prepared and analyzed 
separately.  
 The point counting procedure is carried out by traverses in regular increments in two 
directions to form a virtual orthogonal grid. It is important that point-counting covers the whole thin-
section. During the point-counting, the operator must identify and group all rocks and minerals (both 
the reactive and non-reactive ones) located under the cross hairs at each point on the grid. Suggestions 
for rock names are given in ANNEX 4 in the AAR-1-method /2/). Note that a minimum of 1000 
points (excluding points falling on to resin) should be counted for all the counted fractions. 
Additionally the number of points may significantly exceed the number of particles, as several points 
may be counted across some larger particles.  
 During the point counting process there are two different “procedures” in use. In some 
countries it is common to determine the constituent and thus the reactivity assessment of the 
individual point which is directly under the crosshairs rather than a determination of the reactivity of 
the entire aggregate particle. An evaluation of the reactivity of the whole particle is, however, common 
to use in other countries, e. g in Norway. An example; all cross hair points placed within a sandstone 
particle is recorded as sandstone. However, when particles consist of more than one type of rock e.g. 
sandstone with quartz vein, the cross hair point falling on to the sandstone should be recorded as 
sandstone, and cross hair points falling on to quartz vein should be recorded as quartz vein material. 
To determine which procedure to be used, the experience with the aggregates within each country 
should be taken into account. The operator should report which procedure that was used, and report 
the reactivity of each rock type as class I, II and III, respectively.  
 Experience within some regions and with particular materials (i.e. highly metamorphic rocks) 
has shown that a determination of the quartz grain size within a particle is important in the assessment 
of the reactivity potential of that material. In such a rock (aggregate) the percentage of the material 
containing these varying sizes of quartz crystals are essential in the overall determination of the 
reactivity. However, at this stage the RILEM AAR-1 Petrographic method should primarily attempt to 
report the reactivity potential of such constituents based on the petrographer’s own experience.  
 
 
 
 
 



3 WORK PROGRAMME 
3.1 Point counting analyses (WP 3) 

The main goal of the testing programme in task 3.1 in PARTNER was to evaluate the 
suitability of the RILEM AAR-1 petrographic method to assess the alkali reactivity of the wide variety 
of aggregate and geological types found across Europe. As a basis for planning the testing programme 
for all the nine accelerated tests, included RILEM AAR-1, 22 different aggregate types from 10 
different European countries were used. For 14 of these both the fine (F ; ≤ 4 mm) and the coarse (C 
; > 4 mm) fraction were selected. Information about the field performance was given by the 
participants from the different countries. 
  During the petrographic analyses all the laboratories had information about the origin 
(country) of each aggregate. Most of the laboratories received bulk samples of the materials, and thus 
prepared their own thin section (if the thin section technique was applied).  
 In total 123 single petrographic analyses, either of a fine (F) or a coarse (C) aggregate type, 
were performed within the testing programme, i.e. most aggregates have been examined by more than 
one laboratory. Totally 13 laboratories performed the analyses, and 6 of them classified themselves as 
experienced. Most of the aggregates were tested according to the point counting technique (80 single 
tests in total), and only results from this type of analysis are present in this article. 
 
3.2 Precision trials (WP 4) 
 8 laboratories were chosen to participate in the precision trial according to the RILEM AAR-1 
petrographic method with the point counting technique. The criteria for participation were either 
experience with the method from routine commission work or, as a minimum, from the WP 3 testing. 
It is preferred to use at least 3 different types of material in a precision trial.  
 The samples selected for the AAR-1 precision trial were chosen to represent as big a variation 
as possible and to include as many different reactive components as possible, since the identification 
of reactive components and classification of them into different reactivity categories earlier had been 
identified as the main difficulty. 

Three materials were chosen for the AAR-1 precision trials, two natural sands (from Sweden 
and Denmark, respectively) and one coarse aggregate (from Norway). The reason for the selection of 
these materials was that they are composed of various types of reactive rocks, and most of these are 
globally known as reactive. The petrographers did not know exactly the origin of the materials (except 
country), but the main rock types in each aggregate were given. The laboratories received fractioned 
aggregate samples (e. g. 2-4 mm), and prepared their own thin sections. 
 
4 RESULTS 
4.1 Point counting analysis (WP 3) 
 All results from the petrographic analyses are presented in a project report /3/, that may be 
downloaded for free. The report contains detailed information about all the aggregate types tested, 
included reactive rock- and mineral types and field performance. For the point counting analyses the 
rock names should be stated according to suggested rock names given in the AAR-1 method. For the 
“point count analysis” procedure also the thin section technique applied, i.e. either “whole particle 
analysis on what is under the cross hairs” or “actual constituent under the cross hairs”, should be 
reported for all rock types detected.  
 As a basis for calculating the total percentage of “reactive/possible reactive” rock types in an 
aggregate, each of the rock types detected should be placed, based on the petrographers experience, in 
one of the three “reactivity classes”; 
 

I.  very unlikely to be alkali-reactive 
II. alkali-reactive uncertain 
III.  very likely to be alkali-reactive. 

 
The petrographers should base their classification on the national experience in the countries 

supplying the actual aggregate types.  
 Results from examination of the fractions 2-4 mm, 1-2 mm and 0.063-1 mm should be 
reported separately.   
 SINTEF have collected the results from all the 123 single petrographic analyses. When 
receiving the results SINTEF performed a certain quality control of the data, i.e. evaluated if all the 
requested data were reported, in addition to make a preliminary evaluation whether the results seemed 



reasonable. To be able to handle all the results, all the data were manually put into an Excel 
worksheet.  

Table 1 presents the results from all the point counting analyses performed by the 12 
participating laboratories. The following results are presented for each of the aggregate samples: 
 

• Origin (country)/name of sample 
• Type of aggregate (i. e. main rock type(s)) 
• Fraction investigated (e.g. 4-8 mm) 
• Sum of suspicious rock types, i. e. the “reactivity classes” II and III (volume percentage 

within the aggregate fraction) [on the web page /3/ the detailed results for each of the 
three “reactivity” classes are available] 

• Field performance (i. e. damage due to ASR documented?) 
• Results in agreement with field performance? 

 
 For fine aggregates (F; < 4 mm) results from point counting of each of the fractions 2-4 mm, 
1-2 mm and 0.063-1 mm were (should be) reported separately. If other fractions were examined, 
results for these fractions are presented as well.  
 Some aggregates have been examined by up to eight different laboratories according to the 
same petrographic procedure.  

 
4.2 Precision trials (WP 4) 
 All the detailed results from the precision trial according to the petrographic analysis are 
presented in /4/. 

Table 2 shows the percentage of class II and III material from the participating laboratories. 
These results were the basis for the precision calculations. In the left column the “identification 
number” of the eight laboratories involved is given. In the upper row the identification of each 
aggregate sample is given. “S” is the sand from Sweden, and “2-4”, “1-2” and “0.063-“ are the 
fractions examined (mm). The sample marked “D” is the Danish sand, and “N” is the coarse gravel 
from Norway. The most experienced laboratories are shaded in the table. 
 
5 DISCUSSION 
5.1 Point counting analyses (WP 3) 
Variation between laboratories with respect to evaluation of aggregate reactivity 

13 laboratories, both experienced and inexperienced have performed petrographic analysis 
according to the AAR-1 method. Before the testing program started about one half of the 
petrographers had participated in one or two internal petrographic workshops in the PARTNER 
project, where selected European aggregate types were examined in microscope and “discussed”. No 
other co-ordination was made between the laboratories. 

In the further discussion focus is made on the variation between the laboratories with respect 
to the sum of rock types detected within the “reactivity classes” II+III (i.e. the suspicious rock types 
with respect to ASR).  

The overall experience from the testing program is that the spread in results between the 
laboratories for about half of the aggregate types is very high, also between some of the six 
laboratories performing the test on a regular basis. For 8 of the 22 aggregates types (D1, D2, G1, G2, 
It1, It2, UK2 and P1) the number of rock types detected by the participating laboratories within the 
“reactivity classes” II+III varies from less than 15 % to more than 85 %. The rock names used also 
vary a lot.  

However, for four of the six most experienced laboratories the majority of the reported results 
seem to be more reliable. The cases where also these laboratories from time to time deviate from the 
average/median results, are mainly connected to the aggregate types D1, D2, It1 and UK2. These 
aggregate types are not familiar for most of these experienced petrographers, thus the importance of 
local knowledge about the reactivity of different alkali reactive aggregates is obvious. 

The majority of the results reported from the two remaining experienced petrographers 
deviates much from the average/median results. For one of these laboratories the sum of aggregate 
types classified in the “reactivity classes” II or III is in many cases somewhat lower than reported 
from the other laboratories.  For the second of these laboratories the percentage of aggregate types 
classified within the “reactivity classes” II or III is in most cases much higher than for all the other 
laboratories (also the unexperienced ones).  

Other rock types that are placed in different “reactivity classes” by different laboratories are: 



 
• Sandstone; class I by several laboratories, class II or III by other laboratories 
• Siltstone; class I by one laboratory, class II or III by other laboratories 
• Flint; different types of flint (often named chert by several laboratories) 

detected/named by different laboratories; the classification of reactivity also varies a lot 
- all three “reactivity classes” are used 

 
Link to field performance 

In the last column in Table 1 information about the field performance of the 22 “PARTNER 
aggregates” are given. The abbreviation “R” means that the actual aggregate type is proved to be alkali 
reactive based on field performance. “NR” means that no damage due to ASR is observed in real 
structures. As mentioned in the past the information is supplied by the participants from the different 
countries in the PARTNER project.  

The results from the petrographic analyses of almost all the 22 aggregate types correlate very 
well with the reported field performance. The French aggregate F3 and the Spanish aggregate E1 are 
two exceptions. Both the performed petrographic analyses and the brief petrographic description 
states that the F3 aggregate contains many reactive rock types. Despite of this, the French partners 
were not aware of any deteriorated real concrete structures containing this aggregates type. 

The situation for the E1 aggregates is opposite. Only a small content of reactive constituents 
are detected in the petrographic analyses performed, but serious damage is reported on a 30 years old 
precast concrete element. This aggregate type has also been discussed as a special case on one of the 
internal petrographic workshops in PARTNER, and several of the participating petrographers 
questioned whether E1 could lead to ASR. 

In almost all known cases of Norwegian ASR-damaged structures, the damages are mainly 
caused by the coarse aggregate fractions (> 8-10 mm). For several of the other European aggregate 
types included, there is a lack of information about which fractions that have proved to give ASR-
problems in real concrete structures - thus the abbreviation “R?” is included in Table 1. This lack of 
information makes the evaluation of several of the fine aggregates uncertain. 
 
Variation between aggregate fractions examined? 

Overall the content of suspicious rock types (“reactivity class” II+III) detected within the 
different fractions examined (i.e. > 4 mm, 2-4 mm and 1-2 mm) for a given aggregate type does not 
vary much compared to the variations revealed between the different laboratories participating (see 
above). The fraction 0.063-1 mm is tested for most fine aggregates. In particular, point counting of 
this small fraction did not give any complementary information about the reactivity of any of the 
aggregate types included in the test programme. For many of the aggregates types, e.g. N3 and N4, 
free minerals were also to a large extent detected within this fraction. Taking into account the time 
consuming examination of this small fraction, for most (all?) fine aggregate types one should consider 
to count the fractions 1-2 and 2-4 mm only, as has been done in Norway for the last 15 years /5, 6/.    
 
Is the RILEM AAR-1 petrographic method a good tool to assess the alkali reactivity of aggregates? 

The reported results from the testing programme within task 3.1 in PARTNER have detected 
large inter-laboratory variations between the participating laboratories, and revealed the following 
main issues to be dealt with and solved if the RILEM AAR-1 method aims to be a widely used and 
reliable testing method to assess the alkali reactivity of aggregates both within Europe and world wide: 
 

• The importance of education and round robin testing 
• The importance of experience, both with the method and with the actual local 

aggregates 
• The importance of calibrating the results with other RILEM methods and with field 

experience to be able to establish critical limits for acceptable content of suspicious 
rock types in different aggregate types (e.g. as we successfully have been able to 
establish in Norway /7, 8/) 

• The importance of accuracy, quality control and system for approval of laboratories 
and petrographers. 

 
The situation in Norway after more than 15 years of experience with use of the petrographic 

method, is that the method is regarded as a very reliable tool to assess the alkali reactivity of our 
Norwegian aggregates. Since the mid 90’ties the petrographic method has been the overall dominating 



method in use. The main reasons for this success is that we from the early 90’ties have focused on the 
above mentioned issues and implemented the results and experience into the “Norwegian approval 
system for handling the ASR problem” /9, 10/. Today, only three Norwegian laboratories are 
approved to perform petrographic analysis of concrete aggregates on a commercial basis. 
 
Final remarks 

Both the internal workshops and the testing within task 3.1 in the PARTNER project have 
shown that geological evaluations across the frontiers are difficult. Both the European petrographic 
atlas developed within the PARTNER project /11/ and any national petrographic atlases will 
hopefully give rise to reduce the spread in the future. For instance has such a national petrographic 
atlas been used successfully in Norway for almost a decade /12/. 

The PARTNER project and in particular the internal workshops have established a very good 
network of contacts between several experienced and inexperienced petrographers that may be helpful 
in the future to an informal education and “flow of experience” across the frontiers. 
 
5.2   Precision trial (WP 4) 
 The precision trial according to the RILEM AAR-1 (point counting procedure) showed a large 
spread between the different laboratories. Every laboratory identified the rocks and minerals similar, 
but the classification of the degree of alkali silica reactivity varied (i. e. class I, II or III). This is 
probably due to the regional experience and inexperience of the different reactive rocks. Only 
porous/opaline flint and mylonite/cataclasite have been classified as reactive by all laboratories. 
However, the spread between the four most experienced laboratories were rather low (see the shaded 
rows in Table 2). 
 
6 CONCLUSIONS 

This paper describes the results of an evaluation performed within the PARTNER programme 
of the use of the petrographic method, developed by RILEM as AAR-1, to assess the alkali reactivity 
of European aggregates.  
 In total 22 aggregate types across Europe were selected for testing by petrographic 
examination within WP 3 according to one or more of the three alternative procedures named “Whole 
rock petro”, “Particle separation” and “Point count analysis”, respectively.  

SINTEF have collected the results from all the 123 single petrographic analyses performed, 
hence 80 point counting analyses.  

The overall experience from the testing program is that the spread in results between the 
laboratories for about half of the aggregate types tested was very high, also between some of the six 
laboratories performing the test on a regular basis. However, for four of the most experienced 
laboratories the majority of the reported results seemed to be more reliable. 

 With two exceptions the average results from the petrographic analyses of the 22 aggregate 
types correlated very well with the reported field performance.  

The PARTNER project and in particular the internal workshops in special have established a 
very good network of contacts between several experienced and inexperienced petrographers that may 
be helpful in the future to an informal education across the frontiers. 

The results from the point counting in the precision trial (WP 4) also showed a large spread 
between the different laboratories, in particular in the classification of the alkali silica reactivity of the 
aggregates (i. e. class I, II or III). However, the results from the four most experienced laboratories 
harmonized better. 
 Overall, the results confirm the necessity of education and round robin testing. Petrographers 
need to get acquainted with the potentially reactive components in aggregates from different countries 
in order to use the most appropriate analytical techniques and to make a relevant assessment. 
Education, in combination with proficiency trials of individual laboratories, is therefore the way 
forward for future constructive development in this area. An improvement of the common 
understanding between petrographers really calls for extensive and repeated workshops. 
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TABLE 1: Summary results of all the point counting analyses performed by the 12 participating laboratories. 

 

  

 

Point counting (%) 
Field 

perfor- 
mance6 

Results 
in 

agree- 
ment 
with 
field 

perfor-
mance?

Frac- 
tion1 TS 2-4 mm5 TS 1-2 mm5 TS 0.063-1 mm5   

Country 
Agg- 
reg- 
ate 

Aggre-
gate 
type (mm) 

Statistics2 
Sum 

II+III Comments Sum 
II+III Comments Sum 

II+III Comments   

B1(F) 0-2 "average"         97 
1 result (TS 
0.125-2 
mm) 

R? YES 

Belgium 

B1(C) 

Silicified 
lime-
stone 4-20/ 

"coar
se" 

"average" 100 1 result (1 
lab., 1 frac.)4     100 

1 result (TS 
0.063-2 
mm) 

R YES 

average 36? 39 48 R 
Median 16? 44 35 (pessimum 

minimum 6 7 28 behavior) 
D1 
(F) 

Gravel 
with 

opaline 
flint 

0-4 

maximum 85 

7 results (7 
lab., 1 frac.) 

87 

5 results (5 
lab., 1 frac.) 

81 

3 results (3 
lab., 1 frac.) 

  

YES 

average 38 50 53 
median 28 40 -- 

minimum 2 9 6 
D2 
(F) 

Sea 
gravel 
semi-
dense 
flint 

0-4 

maximum 100 

5 results (5 
lab., 1 frac.) 

100 

3 results (3 
lab., 1 frac.) 

100 

2 results (2 
lab., 1 frac.) R YES 

average     2     
median     --     

minimum     0     

Denmark 

D3 
(F) 

Non 
reactive 
silicious 

sand 

0-2 

maximum     3 

2 results (2 
lab., 1 frac.) 

    

NR YES 

"average" 96 96 86 R 
median -- -- -- (pessimum 

minimum -- -- -- behavior) 
F1 
(C) 

Gravel 
with flint 6-20 

maximum -- 

1 result (1 
lab., 1 frac.) 

-- 

1 result (1 
lab., 1 frac.) 

-- 

1 result (0-1 
mm) 

  

YES 

F2(F) 

Non 
reactive 

lime-
stone 

0-5 "average" 0 1 result (1 
lab., 1 frac.) 0 1 result (1 

lab., 1 frac.) 0 1 result (1 
lab., 1 frac.) NR YES 

average 53? 54 60 
median 42 35/70 76 

minimum 37 30 25 
F3(F) 0-4 

maximum 94 

5 results (5 
lab., 1 frac.) 

82 

4 results (4 
lab., 1 frac.) 

78 

3 results (3 
lab., 1 frac.) NR? NO 

"average" 26?           

median -- 1 result (1 
lab., 1 frac.)         

minimum -- (TS > 4 mm)         

France 

F3(C) 

Silicious 
gravel 

4-20 

maximum --           

NR? NO 

"average" 46 44 33 
median -- -- -- 

minimum -- -- -- G1 
(C) 

Gravel 
with 

silicified 
lime- 
stone 

and chert 

"4-
22" 

maximum -- 

1 result (1 
lab., 1 frac.) 

-- 

1 result (1 
lab., 1 frac.) 

-- 

1 result (1 
lab., 1 frac.) R YES 

average 50?         
median 43         

minimum 14?         

Germany 

G2 
(C) 

Gravel 
with 

opaline 
sand- 
stone 

and flint 

"2-8" 

maximum 92 

3 results (3 
lab., 2 frac.) 

        

R YES 

average 32? 61 55 
median 10 -- -- 

minimum 8 21 10 It1(F) 

Gravel 
with 
lime-
stone, 

chert and 
flint 

0-5 

maximum 100 

4 results (4 
lab., 1 frac.) 

100 

2 results (2 
lab., 1 frac.) 

100 

2 results (2 
lab., 1 frac.) R YES 

"average" 10?         
median --         

minimum --         
It1(C)  "5-

30" 
maximum -- 

1 result (1 
lab., 1 frac.?) 

        

R YES 

average 51? 82     
median 24?/81 86     

minimum 14 60     

Italy 

It2(F) 

Gravel 
with 

quartzite 
and 

gneiss 

0-5 

maximum 100 

5 results (5 
lab., 1 frac.) 

100 

3 results (3 
lab., 1 frac.) 

    

R? YES 

 



 

 

  

 

Point counting (%) 
Field 

perfor- 
mance6 

Results in 
agree- 
ment 

with field 
perfor-
mance? 

Frac
tion1 TS 2-4 mm5 TS 1-2 mm5 TS 0.063-1 mm5   

Country 
Agg- 
reg-
ate 

Aggregate 
type (mm

) 

Statistics2 
Sum 

II+III Comments Sum 
II+III Comments Sum 

II+III Comments   

average 90?         
median 98         

minimum 71?         
N1 
(C) Cataclasite 4-16 

maximum 100 

3 results (3 
lab., 1 frac.) 

        

R YES 

N2 
(C) Sandstone 8-16 "average" 100 1 result (1 lab., 

1 frac.)         R YES 

average 2 2 2 
median 1 1 -- 

minimum 0 0 0 
N3 
(F) 

Non- 
reactive 
granitic 

sand 

0-4 

maximum 6 

3 results (3 
lab., 1 frac.) 

6 

3 results (3 
lab., 1 frac.)

4 

2 results (2 
lab., 1 frac.) NR YES 

"average" 27         
median --         

minimum 23         
N4 
(F) 0-7 

maximum 31 

2 results (2 
lab., 1 frac.) 

        

R? YES 

"average" 25         
median --         

minimum 23         
N4 
(C) 

Gravel 
with 

sandstone 
and 

cataclastic 
rocks 7-16 

maximum 27 

2 results (2 
lab., 1 frac.) 

        

R YES 

N5 
(F) 0-8 "average" 22 1 result (1 lab., 

1 frac.) 17 1 result (1 
lab., 1 frac.)     R? YES 

N5 
(C) 

Gravel 
with 

rhyolite 
and 

quartzite 
8-16 "average" 22 1 result (1 lab., 

1 frac.)         R YES 

N6 
(F) 0-8 "average" 37 1 result (1 lab., 

1 frac.) 23 1 result (1 
lab., 1 frac.)     R? YES 

Norway 

N6 
(C) 

Gravel/ 
sand with 
argillaceou
s rocks and 
sandstone 

8-16 "average" 33 1 result (1 lab., 
1 frac.)         R YES 

average 52? 61     
median 44 45     

minimum 35? 37     
S1(F) 

Gravel 
with 

porphyritic 
rhyolite 

0-8 

maximum 100 

5 results (5 
lab., 1 frac.) 

100 

3 results (3 
lab., 1 frac.)

    

R? YES 

"average" 43?           

median -- 1 result (1 lab., 
1 frac.)         

minimum -- (TS > 4 mm)         

Sweden 

S1(C)  4-16 

maximum --           

R? YES? 

UK1 
(F) Greywacke 0-5 "average" 83 1 result (1 lab., 

1 frac.) 66 1 result (1 
lab., 1 frac.) 40 1 result (1 

lab., 1 frac.) R? YES 

average 52 27     
median 54 9     

minimum 15 7     
UK2 
(F) 0-5 

maximum 89 

5 results (5 
lab., 1 frac.) 

66 

3 results (3 
lab., 1 frac.)

    

R YES 

average 54         
median 48         

minimum 15         

United  
Kingdom 

UK2 
(C) 

Gravel 
with 

quartzite 
and chert 

5-20 

maximum 98 

3 results (3 
lab., 1 frac.) 

        

R YES 

Portugal P1 
(C) 

Silicified 
limestone 4-19 "average" 100 1 result (1 lab., 

1 frac.)         R YES 

average 3? 3?       
median -- --     NO 

minimum 0 0?       
Spain E1 

(F) 

Silicified 
and clayed 
dolostone 

0-4 

maximum 8 

3 results (3 
lab., 1 frac.) 

5 

2 results (2 
lab., 1 frac.)

    

R? 

  

 
 1 The fraction investigated in the petrographic analyses 
 2 The average represents the mean results of all the investigated fractions at all laboratories. "Average" means less than three results available. 
 3 The numbers represent the sum of the "reactivity classes" II and III, i.e. the sum of all the rock suspicious. 
 4 Lab. = laboratories; frac. = fractions 
 5 TS = thin sections 
 6 R = proved to alkali reactive based on field performance ; NR = not observed damage due to ASR in real structures 
  = something is not clear or uncertain 
  = OK results (i.e. checked and found reasonable) 



TABLE 2: Results from the AAR-1 Precision trials. Percentage of recorded AAR class II and III from the participating 
laboratories. 

Laboratory S 2-4  S 1-2  S 0.063-1 D 2-4  D 1-2  D 0.063-1  N 2-4  

Lab 2 99 94 71 80 66 86 30 

Lab 3 12 16 7 38 29 16 13 

Lab 4 44 34 18 52 33 4 25 

Lab 5 53 39 29 43 26 4 20 

Lab 8 99 99 88 76 74 65 100 

Lab 9 57 54 26 52 32 3 25 

Lab 15 30 26 14 16 11 2 21 

Lab 22 42 38 27 48 32 9 32 

Standard dev 30.8 30.7 28.8 20.5 21.2 32.8 27.6 

Mean 55 50 35 51 38 24 33 

Variance 57 61 82 40 56 139 83 

 Class II – alkali-reactivity uncertain 

Class III – very likely to be alkali-reactive 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AllegroBT-Regular
    /Amandine
    /AmazoneBT-Regular
    /AmerTypewriterITCbyBT-Medium
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Medium
    /Batang
    /BatangChe
    /BenguiatITCbyBT-Bold
    /BERNARD
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardTangoBT-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BremenBT-Bold
    /Brigitte
    /CataneoBT-Bold
    /CataneoBT-Light
    /CataneoBT-Regular
    /CataneoBT-RegularSwash
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CharlesworthBold
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialScriptBT-Regular
    /CopperplateGothicBT-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /DauphinPlain
    /Dotum
    /DotumChe
    /EmbassyBT-Regular
    /EnglischeSchT-Bold
    /EnglischeSchT-DemiBold
    /EnglischeSchT-Regu
    /English111AdagioBT-Regular
    /English111PrestoBT-Regular
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EstrangeloEdessa
    /FlemishScriptBT-Regular
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /FuturaLtCnBTItalic
    /FuturaMdCnBTItalic
    /GandoBT-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondNo4CyrTCY-Medi
    /Gautami
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeometricSlab703BT-XtraBoldCond
    /GeometricSlab703BT-XtraBoldItal
    /Georges
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySansITCbyBT-Black
    /GoudySansITCbyBT-BlackItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Light
    /GoudySansITCbyBT-LightItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Impact
    /JAMI
    /JIMMY1
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KARINE
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /LalexBigBadaboum
    /Latha
    /LibertyBT-Regular
    /Lithograph-Bold
    /LithographLight
    /LubalinGraphITCbyBT-Bold
    /LubalinGraphITCbyBT-Book
    /LubalinGraphITCbyBT-Medium
    /LubalinGraphITCbyBT-XtraLight
    /LuciaBT-Regular
    /LucidaConsole
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MingLiU
    /Miss_Clo
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /Myriad-BdWeb
    /Myriad-CnItWeb
    /Myriad-CnWeb
    /Myriad-ItWeb
    /Myriad-Web
    /NSimSun
    /OzHandicraftBT-Roman
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PMingLiU
    /PosterBodoniBT-Roman
    /Ribbon131BT-Bold
    /Ribbon131BT-Regular
    /Raavi
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Shruti
    /SimHei
    /SimSun
    /SnellBT-Black
    /SnellBT-Bold
    /SnellBT-Regular
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SquareSlabserif711BT-Bold
    /SquareSlabserif711BT-Light
    /SquareSlabserif711BT-Medium
    /Staccato222BT-Regular
    /StymieBT-Bold
    /StymieBT-BoldItalic
    /StymieBT-ExtraBold
    /StymieBT-ExtraBoldCondensed
    /StymieBT-Light
    /StymieBT-LightItalic
    /StymieBT-Medium
    /StymieBT-MediumItalic
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TypoUprightBT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VivaldiD
    /WarnockPro-Bold
    /WarnockPro-BoldCapt
    /WarnockPro-BoldDisp
    /WarnockPro-BoldIt
    /WarnockPro-BoldItCapt
    /WarnockPro-BoldItDisp
    /WarnockPro-BoldItSubh
    /WarnockPro-BoldSubh
    /WarnockPro-Capt
    /WarnockPro-Disp
    /WarnockPro-It
    /WarnockPro-ItCapt
    /WarnockPro-ItDisp
    /WarnockPro-ItSubh
    /WarnockPro-Light
    /WarnockPro-LightCapt
    /WarnockPro-LightDisp
    /WarnockPro-LightIt
    /WarnockPro-LightItCapt
    /WarnockPro-LightItDisp
    /WarnockPro-LightItSubh
    /WarnockPro-LightSubh
    /WarnockPro-Regular
    /WarnockPro-Semibold
    /WarnockPro-SemiboldCapt
    /WarnockPro-SemiboldDisp
    /WarnockPro-SemiboldIt
    /WarnockPro-SemiboldItCapt
    /WarnockPro-SemiboldItDisp
    /WarnockPro-SemiboldItSubh
    /WarnockPro-SemiboldSubh
    /WarnockPro-Subh
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Demi
    /ZapfChanceryITCbyBT-Medium
    /ZapfChanceryITCbyBT-MediumItal
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZinjaroLetPlain
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF00530065007400740069006e0067007300200061007300200066006f00720020005000680044002d005400680065007300690073002000420072006f0065006b006d0061006e007300200028003200300030003200290020007000720069006e007400650064002000760065007200730069006f006e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


