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same conditions, so the comparison should be
satisfactory. When it is appropriate, statistical
regression analysis has been performed to help
establish the correlation between different parame-
ters and the average expansion results. A multivari-
able analysis which included all the different
parameters would have been beneficial. However,
the reason why such an analysis is not included in
this study is because many of the parameters are
based on interrelated assumptions, and hence hold
a lack of independence.

It is always important to be aware of the errors
and limitations involved in the measurements and
results of such a study. When dealing with cataclas-
tic rocks in particular, the properties of the rock
might differ significantly even when sampled from
within relatively small areas. However, it is interes-
ting to observe that the two samples 1.3, and 1.3,,
which were collected from within a few decimetres
of each other, showed a similarity, both in the
quantification of the various microstructural
parameters, and in the measured average
expansion.

5.1. The quartz XRDA/DTA ratio

The graph showing the correlation between the
quartz ratio (XRDA/DTA) and the average
mortar-bar expansion after 14 days, is presented
in Fig. 9. A total of ten rock samples is included
in the graph. Two outliers, the ultramylonite
(sample 4.1) and the gneiss (sample 4.2), are not
included in the graph.

According to Florke (1961), quartz grains below
30 to 60 um are not detectable by DTA, while they
are by XRDA. It was observed that samples with
a higher content of microcrystalline quartz gave a
lower quartz content by the DTA, and hence a
higher quartz XRDA/DTA ratio. However, the
question why most of the samples show a ratio
below 1.00 remains unanswered. Many ambiguities
still exist for the quantification of quartz from
these two methods, and it appears that the ratio
is not ideal for determining accurately the grain
size distribution of quartz. For instance a high
content of chlorite will give uncertain results for
the quantification of quartz in XRDA. A logarith-
mic relationship is apparent when assessing the

correlation between the quartz XRDA/DTA ratio
and the average expansion after 14 days in Fig. 9.
An increase in the ratio shows a corresponding
increase in the expansion value. However, the
coefficient of determination (R?=0.61) is low, even
when two outliers were removed from the correla-
tion. One of the outliers exhibited a very high
XRDA/DTA ratio of 4.0, while the other outlier
exhibited a high XRDA/DTA ratio with a rela-
tively low expansion value. The reasons for the
anomaly in the data of these outliers are not
known.

5.2. The index of crystallinity (C1)

The graph showing the correlation between the
index of crystallinity (CI), obtained by XRDA,
and the average expansion after 14 days, is pre-
sented in Fig. 10. One outlier, a mylonite (sample
3.3), is removed from the graph. The reason for
removing this outlier will be discussed later.

The measure of the index of crystallinity (CI)
has previously been used in a few cases to assess
the alkali-reactivity of aggregates. Morino (1986)
investigated the crystallinity of cherty rocks and
observed a good correlation with experimentally
determined reactivity, obtained by the ASTM
C289 chemical test method. Katayama and
Futagawa (1989) were able to distinguish between
reactive, poorly crystallised chalcedonic quartz
from innocuous well-crystallised stable quartz, on
the basis of the CI. Thomson and Grattan-Bellew
(1993) did not succeed in finding a relationship
between the CI and the reactivity, They concluded
that the outcome could be a result of a number of
different factors, leaving the case with CI unre-
solved. However, in a later study, by Thomson
et al. (1994), a better relationship between the CI
and the expansion was found, in spite of some
exceptions.

Results in this study do not show a strong
relationship between the CI and the average expan-
sion after 14 days. As evidenced from the scatter
in Fig. 10, these results could, therefore, not be
used with any great accuracy to predict the reactiv-
ity of these samples. The mylonite (sample 3.3)
showed a high CI, while showing a high average
expansion. The reason for this outlier showing



208 Borge Johannes Wigum/Engineering Geology 40 (1995) 195-214

0,40

=]
W
<
o]

0,20

Expansion (%) after 14 days

0,10 o y = 0,1974Ln(x) + 0,249
° R?=0,61
0,00 —t + 4 } ;
0,40 0,50 0,60 0,70 0,80 0,90 1,00 1,10 1,20
Quartz ratio (XRDA/DTA)

Fig. 9. Graph showing correlation between the quartz ratio (XRDA/DTA) and the average expansion after 14 days.
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Fig. 10. Graph showing correlation between the index of crystallinity (CI), obtained by XRDA, and the average expansion after
14 days.
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high expansion could be due to the occurrence of
veins of euhedral quartz, which were observed in
hand specimens of the rock. Euhedral quartz with
a near perfect crystallinity, will probably even in
small amounts overwhelm the intensity of the
refraction values. This could obviously be a prob-
lem, which might be a factor in the results obtained
with some of the other samples. A certain amount
of recrystallised or secondary quartz in veins might
overwhelm the intensity of the refraction. Hence,
the CI might be unusable to predict the reactivity
for heterogeneous materials, such as cataclastic
rocks; however, for homogeneous or certain
selected materials, the method may be beneficial.

5.3. Water absorption

The graph showing the correlation between
water absorption (mass %) and the average expan-
sion after 14 days is presented in Fig. 11. The
result for the cataclasite (sample 2.1) showed an
abnormal value and is removed from the graph,
while the result from the mylonite (sample 5.1)
was not available.

The relationship between the water absorption
and the average mortar-bar expansion after 14
days shows a great deal of scatter (Fig. [1). These
results, however, seem to suggest that samples with
high values of water absorption, exhibit lower
mortar-bar  expansion. This contradicts the
expected behaviour, that samples which absorb
the most water would also show favourable tend-
encies to absorb alkali solution, and hence enhance
the reactivity. The cataclasite (sample 2.1) exhib-
ited a high absorption value, and is not included
in Fig. 11. The reason for this high value is not
known. These results seem to indicate that water
absorption alone cannot be used to predict the
accessibility of reagents to reactive aggregates.

5.4. The mean quartz grain size (dsy), and the total
grain boundary area of quartz

The graph showing the correlation between the
inverse of the mean grain size of quartz (ds,) and
the average expansion after 14 days is presented
in Fig. 12. All twelve samples are included in the
graph. In addition, existing results from two
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Fig. 11. Graph showing correlation between the water absorption (mass %) and the average expansion after 14 days.
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Fig. 12. Graph showing correlation between the inverse of the mean grain size of quartz, ds, (mm), and the average expansion after
14 days. The two black dots represent the two supplementary samples.

supplementary crushed rock samples (black dots)
are included in this graph. These rocks, a mylonite
gneiss and a gneiss, were included to obtain more
mformation of rock types exhibiting low expansion
(0.03-0.05% after 14 days).

The graph showing the correlation between the
total grain boundary area of quartz (m?/cm®) and
the average expansion after 14 days is presented
in Fig. 13. Existing results from the two supple-
mentary crushed rock samples (black dots) are
also included in this graph. Two of the rock
samples, the porphyritic granite (1.4) and the
cataclasite (sample 2.1) are not included in this
graph. The reason for not including these two
outliers will be discussed later.

A logarithmic relationship is evident for both
the mverse of the mean grain size of quartz (dsg)
and the total grain boundary area of quartz, when
correlating with the average result of the mortar-
bar expansion after 14 days (Figs. 12 and 13).
Based on the best fit line, aggregates with a mea-
sured mean grain size of quartz less than about
0.12mm would be expected to exceed 0.10%

mortar-bar expansion. This is in agreement with
what has been suggested by Grattan-Bellew
(1992), who claimed that an enhanced solubility
of quartz occurs when the mean grain size of
quartz is less than 0.10 mm. The mean grain size
of quartz and the total grain boundary area of
quartz are both based on the grain size distribution
of quartz grains obtained from the thin-section
examination. However, in the case of the mean
quartz grain size, the proportion and the distribu-
tion of the finer fraction, and the total amount of
quartz in the rock sample, are not considered. It
is evident that when comparing two rock samples
with the same mean grain size, the sample with a
higher amount of quartz and a higher proportion
of microcrystalline quartz, will give a significantly
higher available total surface area, and thus
enhanced reactivity. Hence the total grain bound-
ary area of quartz, gives a better relationship, with
a higher coefficient of determination (R*=0.89),
than when only considering the mean grain size
(R*=0.72).

When assessing the relationship between the
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Fig. 13. Graph showing correlation between the total grain boundary area of quartz (m%/cm?) and the average expansion after 14
days. The two black dots represent the two supplementary samples.

total grain boundary area of quartz and the
average expansion after 14 days, two samples
showed unexpected behaviour. These two rock
samples, the porphyritic granite (sample 1.4) and
the cataclasite (sample 2.1), were regarded as
outliers and were not included in the statistical
model. The anomalous data for these samples
could be explained as follows. The porphyritic
granite contains relatively coarse quartz grains,
which contribute little to the total grain boundary
area of quartz. However, the mortar-bar test for
the aggregate showed 0.10% expansion after 14
days. The reason for this relatively high expansion
might be due to the occurrence of strain lamellae
which are observed in some of the quartz crystals.
If these lamellae were regarded as subgrain bound-
aries, then the proportion of microcrystalline
quartz would increase, and consequently the total
grain boundary area would increase significantly.
This would have led to a better agreement with
the model. However, the occurrence of myrmekite
with thin rods of quartz within the feldspar, might
also contribute to an enhanced solubility of the
porphyritic granite. The roles of strain lamellae

and myrmekite must be investigated further before
such types of granite are included into the model.
In the case of the cataclasite (sample 2.1), a high
content of microcrystalline quartz was observed
which resulted in a very high value for the grain
boundary area. During the formation of cataclas-
ites, which are deformed under a brittle regime,
the microcrystalline quartz is a product of the
crushing process, and should not be regarded as
real subgrains with a high dislocation density.
Opposite the ductile deformed rocks, where the
applied deformation energy is stored in the mate-
rial as high dislocation density, the energy for
cataclasites is used in the crushing processes.
Additionally the extremely high amount of quartz
(90%) in the sample gives a very high value for
the total grain boundary area, when multiplied
with the quartz amount. This high amount of
quartz might result in unpredictable behaviour.
On the basis of the theoretical knowledge of the
properties of subgrains, it is expected that these
grains will give a higher reactivity than ordinary
grains of similar size. However, the enhanced
reactivity of subgrains versus other quartz grains
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of equivalent size has not yet been established. No
attempt was made to distinguish between subgrains
and other recrystallised microcrystalline grains of
quartz in this study. The reason was due to practi-
cal limitations in the thin-section examination, and
to the uncertain effect of reactivity of subgrains
versus other quartz grains. However, most of the
observed microcrystalline quartz was due to sub-
grain development. Consequently, in most cases,
the major contribution to the grain boundary area
was due to the subgrain development. In the case
of microcrystalline material without subgrain
development (i.e. gneiss, blastomylonite and
cataclasite), this might give incorrect estimations.
Further research should include the enhanced reac-
tivity of subgrains into the model, hence making
a better basis for prediction. By using techniques
such as electron- and transmission electron-micro-
scopy, which give better resolution, more informa-
tion about specific microstructural features,
including subgrain development, may be obtained.
The dilemma is that reactive aggregates are poly-
morphic materials with complex, heterogeneous
structures, and it would be very difficult to obtain
a quantitative assessment of the material as a
whole with these advanced techniques. Even within
the area of examination in a thin-section
(25 x 30 mm), which is only a small part of the
whole rock, microstructural features may differ
significantly.

The measurement of the total grain boundary
area of quartz will enhance the value of the petro-
graphical examination as an engineering tool to
screen potentially reactive aggregates. By using
advanced image analysis systems, it would be
possible to establish standard procedures, hence
making the method more reproducible. For other
types of slow/late reactive aggregates, including
various types of greywackes, sandstones and argil-
lites, further investigations have to be carried out.

6. Conclusion

The most probable mechanism for enhanced
reactivity of cataclastic rocks is due to the presence
of microcrystalline quartz, and in particular the
high strain energy surrounding dislocations in sub-

grains which provide preferential sites of dissolu-
tion on the surface. An enhanced content of
subgrains will promote the ability of the alkali-
rich fluid to permeate to the reaction site.

In this study it is demonstrated, by theoretical
approach and experimental work, that the alkali-
reactivity of cataclastic rocks is clearly related to
the total grain boundary area of quartz. This
parameter is strongly influenced by the subgrain
development.

The measurement of the total grain boundary
area of quartz will enhance the value and improve
the effectiveness of the petrographical examination
as an engineering tool to screen potentially reactive
aggregates.

The recrystallisation of the quartz will decrease
the reactivity of the rocks due to the amalgamation
of smaller grains into larger ones, leading to a
smaller total grain boundary area of quartz.
Considering only the mean grain sizes of quartz
might give unpredictable results, in particular for
materials containing a high or a low amount
of quartz.
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Chapter 10

Summary

he main purpose of the present work has been to study the properties,

classification and testing of certain Norwegian aggregates, in particular various
types of cataclastic rocks. The aim has been to achieve a better understanding of the
microstructural properties of these rocksin relation to the alkali-reactivity, in order to
improve existing test procedures and guidelines for engineering practise. The following
chapter summarises the main content of this work, both the theoretical section (chapters
2-4) and the experimental section (chapters 5-9).

Chapter 2: The level and effects of alkalies in the concrete system are reviewed
in this chapter. The so-called "safe€" minimum levels of akalis are considered on awide
basis, and it has been shown that many different factors have to be considered when
ng the effects of the amount of alkalis. It is also suggested that other damaging
mechanisms should be considered when investigating AAR, particularly when thereis
doubts about which damaging process is likely to be the initial mechanism in
deterioration of the concrete.

Chapter 3. The petrographic properties of various types of alkali-reactive
aggregates are considered in this chapter. The description of reaction patterns and
microstructural features of various types of alkali-reactive aggregates are exemplified
with various micrographs of thin-sections. The petrographic properties of slow/late
alkali-reactive aggregates as the classification and nomenclature of certain rocks
subjected to deformation are introduced, and the frequently used petrographic method
of measuring the undulatory extinction angle of quartz is disputed. Various aggregate
properties affecting the onset and severity of the AAR are sited, particularly the effect
of reactive particle sizes. It is suggested that the grading is an important characteristic of
the aggregate and influences many important properties of fresh concrete. With respect
to AAR different grading curves can lead to different amounts of alkalies being made
available for a given particle. The critical amounts of sSow/late akali-reactive
aggregates are introduced and discussed. Possible differences between natural
aggregates versus chrushed aggregates with regards the alkali-reactivity are discussed.
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Finally in this chapter, a new approach is introduced based on the quantity of reactive
constituents in an aggregate, rather than the volume of potentially- and alkali-reactive
particles.

Chapter 4: The necessity of reliable test methods to determine the akali-
reactivity of aggregates is covered in this chapter. Both the method of petrographic
examination, including the Norwegian method, and the method of accelerated mortar
bar testing are discussed, in light of results obtained in this study.

It is suggested that the only way to make proper classification of slow/late alkali-
reactive rock typesis by point counting of aggregate particlesin thin sections. This
examination should include a full quantitative description of the microstructural
features. The semi-quantitative petrographic method applied in Norway appeared to
give suitable results regarding the amount of potentially- and alkali-reactive aggregates.
However, it is claimed that the method requires experienced petro-graphers, and it was
found that test results variability can be associated with the methodology. It is also
emphasised that the method ignores the properties of the innocuous particles, and
potential differences in reactivity between various types of alkali-reactive rocks. A new
method of petrographic examination is introduced, based on a quantitative
determination of the total grain boundary area of quartz.

The development and use of accelerated mortar bar test both internationally and in
Norway, along with various factors affecting expansion of mortar bars are also covered
in this chapter.

Chapter 5: The experimental part of the thesis starts with the first paper which
deals with the occurrence and distribution of cataclastic rocks in Norwegian
glaciofluvial aggregates. These aggregates are assessed in light of various mechanisms
and processes which were thought to be the primary cause of the high amount of
cataclastic rocks observed. It has been suggested that as aresult of the intense thrusting
and faulting, cataclastic rocks are widely distributed in Norway and should thereby be
expected to occur in many glaciofluvial deposits. It is aso believed that during
comminution and transportation of glaciofluvial materials, more fragile materials would
be more quickly abraded into finer fractions, leading to an enrichment (or maintenance
of ahigh level) of quartz bearing rocks in other fractions in the deposits. In particular
this was thought to be the case for cataclastic rocks, which have been reported to show
very high abrasion resistance.

The data processing of results of petrographic examination of glaciofluvial
aggregates, gave guidelines that cataclastic rocks are a common constituent in the
magjority of the investigated glaciofluvial sediments. However the amounts of cataclastic
rocks vary between different areas, governed by the local geology.
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It was evident that glaciofluvial materials near mylonite zones showed a higher
content of mylonitic rocksin the 2 to 4 mm fraction than in the 1 to 2 mm fraction. The
opposite trend was observed for samples located more remote, in the direction of
downstream ice-movement. Relatively high amounts of mylonitic rocks, were found in
the fine fraction (1 to 2 mm) in samples taken up to 30 to 40 km downstream of the
parent rock. The occurrence of particles of cataclasite in glaciofluvial materials was
shown to follow similar trends as for the mylonite. However, the cataclasite appeared to
be enriched in the 1 to 2 mm fraction in relation to the 2 to 4 mm fraction, for regions
closer to the parent rock (fault zone) than for mylonites. This suggested that cataclasite
is less durable to mechanical abrasion than mylonite, over such particularly long
distances.

Chapter 6: Inthe second paper, relationships between the amount of reactive-
and potentialy alkali-reactive aggregates, obtained by the Norwegian petrographic
examination, and the expansion results obtained by the accelerated mortar-bar test are
discussed. Natural aggregates, crushed stones and blends of aggregates were included in
the investigation. The established limit of critical amount of reactive rocks in aggregates
was assessed in light of the knowledge of field performance of different Norwegian

aggregate types.

It was demonstrated that the mortar-bar expansion increased with increasing amount
of reactive- and potentially alkali-reactive rocks in the aggregate. However, no linear
correlation by statistical analyses was found. It was observed a"marginal” amount of
approximately 40 percent reactive rocks in the aggregates producing an upper limit of
0.25 to 0.30 percent mortar bar expansion. No additional expansion was found with
higher content of reactive rocks in the aggregates. However as mentioned in chapter 3,
later considerations give reason to believe that a logarithmic relationship will give a
better explanation of the distribution.

The established lower limit of 20 percent reactive rocks in aggregate appeared
sufficient in most cases, however, the established lower limit was not statistically
verified.

Chapter /. Thethird paper investigated the sequential development of AAR by
accelerated mortar testing, in an attempt to identify possible differences in the behaviour
of different types of slow/late expanding reactive aggregate. In association with the
expansion development, the characteristics and the sequential development of the
products at the reaction site were examined, along with the evaluation of the formation,
properties and amount of the gel reaction product.

It was found that the accelerated mortar bar test appeared to reflect satisfactorily the
naturally occurring akali-aggregate reaction, in terms of distinguishing between
different types of reactive aggregate, and properties of the gel reaction products.



216  Alkali Aggregate Reactions - Properties, Classification and Testing of Norwegian Cataclastic Rocks

However, for extremely slow reactive aggregates, the accelerated test might show some
limitations regarding the predictions of service life for structures.

Results implied that AAR could continue in old structures, provided that the supply
of alkaliesis not exhausted or alkalies are added to the structure. Coarser aggregate
particles appeared to contribute more to the total expansion. The rate of expansion was
observed to differ in time and extension for different types of reactive aggregate.

Two main processes were observed during the reaction; a process of dissolution, and
aprocess of cracking. Even though the process of dissolution appeared to produce the
greater quantity of the gel reaction products, the process of cracking appears to
contribute most to the expansion.

The reaction appeared to be associated with microcrystalline quartz, in particular
with the occurrence of subgrain development. No significant signs of reaction could be
associated with coarser quartz grains dominated by extensive undulatory extinction.

Na-rich gel reaction products were observed in 14 days specimens, however, a high
CaO content gives indications of the phenomenon of regeneration of alkalies. No
relation was found between the amount of gel reaction products and the total expansion.

Chapter 8: The fourth paper started by reviewing the literature relating to three
commonly used test, the ASTM C-289 Rapid Chemical Test, the ASTM C-227 Mortar
Bar Test, and what has become the ASTM C1260-94 Accelerated Mortar Bar
Expansion Test. The experimental work in essence represented a determination of the
errors to be expected from application of the accelerated mortar bar test to asingle
aggregate and the factors that influenced these errors. These factors were examined
independently by two separate laboratories, and the precision and variation of the
results obtained were discussed. The variables examined were the size of the mortar
bars, the type of measurement points employed, the precision of the aggregate grading,
the ratio of the volume of alkali to the surface area of the mortar, and the cement type
employed.

The work showed that the repeatability of the test suggested an upper bound standard
deviation of 0.0365% expansion. This figure was used to established discriminant
criteriafor the recognition of the potentially damaging materials. It was evident that
diagnosis of potentially highly reactive aggregate can be made with confidence, but that
alarge number of tests are required to assess marginal types. No significant differences
were found with respect to the cement type or the details of the aggregate grading. The
storage conditions were found to greatly influence the result obtained and the early age
variability appeared largely to reflect the ratio of the volume of alkali solution to the
surface area of the mortar bar. Petrographic evaluation of the mortar following the test
was assessed as essential, particularly
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where the results are marginal. Much of the uncertainty in the test results was found to
be derived from inherent aggregate variability.

Chapter 9: In the last paper, the background knowledge of cataclastic rocks from
the various test methods were considered. The microstructural features, for certain rock
types as influenced by cataclasis were determined and quantified in an attempt to
identify methods which could be adequately used for the interpretation and prediction of
the alkali-reactivity.

According to an extensive literature review, it was proposed that the most probable
mechanism for enhanced reactivity of cataclastic rocks is due to the presence of
microcrystalline quartz, and in particular to the high strain energy (dislocations)
surrounding subgrain boundaries.

The experimental results demonstrated that the alkali-reactivity for cataclastic rocks
isclearly related to the value of the total grain boundary area of quartz. This parameter
which is strongly influenced by the subgrain development, appeared to provide a better
understanding of the reactive components in these selected materials, and it was
suggested that it should be used to improve the quantitative aspect of petrographic
examination. It was also suggested that considering only the mean grain sizes of quartz,
might give unpredictable results, in particular for materials containing a high or alow
amount of quartz.



Chapter 11

Conclusion

he main conclusions regarding the properties, classification and testing of certain
Norwegian cataclastic rocks are as follows:

Petr ographic examination

o Cataclastic rocks are commonly found in glaciofluvial aggregates in
southern Norway, where the amounts of cataclastic rocks are governed by
the geology in the area. Particles of mylonitic rocks might however be found
in relatively high amounts in certain aggregate fractions tens of kilometres
from their origin.

o It is proposed that the petrographic examination of slow/late alkali-reactive
rocks includes a full quantitative determination of the microstructural
features by thin-section examination. When naming akali-reactive rock
types subjected to deformation, nomenclatures associated with fault rocks
should be used rather than standard mineralogical nomenclatures.

o A new method of petrographic examination is introduced based on the
quantitative determination of the total grain boundary area of quartz.

The accelerated mortar bar test

o It isfound that the accelerated mortar bar test echoes the naturally occurring
alkali-aggregate reaction, in terms of distinguishing between different types
of reactive aggregate, and the properties of the gel reaction products.
However, for extremely slow reactive aggregate, the accel erated test might
show some limitations regarding the predictions of service life for
structures, and that a large number of tests are required to assess marginal
types of reactive aggregate.
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. The enhanced expansivity of cataclastic rocks in the test is due to the
presence of microcrystaline quartz, and in particular to the high strain
energy (dislocations) surrounding subgrain boundaries.

. The rate of expansion was observed to differ in time and extension for
different types of reactive aggregate. Coarser aggregate particles appeared
to contribute more to the total expansion.

. Two main processes were observed during the reaction; a process of
dissolution, and a process of cracking. Even though the process of
dissolution appeared to produce greatest amount of the gel reaction
products, the process of cracking appears to contribute most to the
expansion.

. No relation was found between the amount of gel reaction products and the
total expansion.

. The repeatability of the test suggested an upper bound standard deviation of
0.0365% expansion.

. Petrographic evaluation of the mortar following the test was assessed as
essential, particularly where the results were marginal. Much of the
uncertainty in the test results was found to be derived from inherent
aggregate variability.

. No significant differences were found with respect to the cement type or the
details of the aggregate grading. The size of the mortar bar however is
critical and the ratio of the NaOH solution to the surface area of the mortar
barsis critical to the amount of expansion.

Petr ogr aphic examination and the accelerated mortar bar test

. Relationships between results from the currently used Norwegian
petrographic examination and accel erated mortar bar expansion, show an
increasing expansion with increasing amount of reactive- and potentially
alkali-reactive rocks in the aggregate. Later considerations suggest the data
to follow a logarithmic distribution. The use of a critical lower limit of
amount of alkali-reactive particlesin an aggregate might be adequate as a
temporary assessment of aggregate's reactivity. However an improved
classification of aggregate's reactivity should be based upon the quantitative
determination of reactive constituents rather than the volume of potentially-
and alkali-reactive particles.
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A logarithmic relationship is observed between the total grain boundary area
of quartz, and the 14 days mortar bar expansion. The measurement of the
total grain boundary area of quartz, enhances accuracy and improves the
effectiveness of the petrographical examination as an engineering tool to
screen potentially reactive aggregates. Considering only the mean grain
sizes of quartz, might give unpredictable results, in particular for materials
containing a high or alow amount of quartz.

No significant signs of reaction were observed associated with undulatory
extinction of quartz. The undulatory extinction of quartz is not regarded as
an adequate parameter for assessing alkali-aggregate reactivity.
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