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bar expansion results (Figure 9). Bars made with sample C
showed expansions of around 0.27% after 30 days, while
bars made with samples A and B showed average expansions
of 0.18 and 0.10%, respectively.

These results were confirmed by morphological analysis
of the reaction products formed in the bars after expansion.
The SEM images and semi-quantitative chemical analysis by
EDS (Figure 10) revealed the formation of AAR products in
the pores of a bar fragment produced with sample C, with
morphology and composition (in terms of Si, Na, K, and
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Figure 9. Mortar bar expansions.
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Ca) in accordance with previous work®?!. Images of the
interior of the mortar bars produced with samples A and B
mainly showed pores that were empty (Figure 11), or that
were filled with products of the hydration of cement, such
as hexagonal crystals of portlandite (Ca(OH),) (Figure 12).

4. Discussion

The results of the mortar bar expansion measurements
were in agreement with the analyses of dissolved silica and
indicated the greater propensity of sample C to develop
the AAR. In the case of the other samples, dissolution of
sample B was slightly greater than that of sample A in the
first 96 hours, although this was reversed after 192 hours
of treatment. The SEM/EDS analyses revealed that the
interior of the bars containing sample C contained fissured
pores filled with products of the reaction, further supporting
the hypothesis that expansion in these bars was related to
the AAR.

The XRD and EDX analyses showed that the differences
in expansion behavior and silica dissolution could not be
attributed to the chemical and mineralogical characteristics
of the aggregates. However, the petrographic analyses
indicated that the differences could be explained by the
different textural properties. In sample C, the presence
of subgrains of microcrystalline quartz smaller than
20 um (Figure 6), which have been described as being
reactive to highly reactive!?, resulting from the process

Figure 10. SEM image of (a) a pore filled with AAR products in a fragment of a bar made with sample C, (b) a detail of AAR products,

and (c) EDS analysis of the AAR products.
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Figure 11. Empty pore in the interior of a mortar bar made using
sample A.

of recrystallization of larger grains, could explain the fast
dissolution of silica and greater expansion in the mortar
bars. The smaller size of the quartz subgrains in sample C
implies that this material had a greater surface area and
an increased number of grain boundaries, compared to
samples A and B, favoring faster reaction at the solid-liquid
interface, in agreement with the kinetics of a heterogeneous
chemical reaction.

In addition, the interstitial brown biotite (altered to
chlorite) in sample C could have contributed to rapid silica
dissolution, despite only accounting for 1.8% of the sample
volume. The presence of interstitial mica has recently been
reported in the aggregate of a structure severely affected
by the AAR".

The kinetic behavior observed for samples A and B
was similar. The reactive components dissolved more
slowly, which meant that the expansion reactions were
delayed and no pronounced effects were observed during
the 30 days of the mortar bar assays. This was in agreement
with classification of the deformed aggregates of these
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Figure 12. Pore filled with portlandite in the interior of a mortar
bar made using sample B.

samples into the category of slow reaction aggregates'*'2.
Nonetheless, other studies have shown that deformed
aggregates can show greater effects of the reaction after
periods longer than 30 days*.

5. Conclusions

The techniques employed here showed that rapid
rates of silica dissolution and expansion in mortar bars
containing sample C (granoblastite) were directly related to
the presence of individual microcrystalline quartz subgrains
derived from the recrystallization of larger grains. The
presence of interstitial biotite could also have contributed to
the fast dissolution of silica in sample C. In contrast, in the
case of samples A and B (granodiorites), the main factors
affecting the kinetics were substantial deformations, such
as stretched quartz grains with strong undulatory extinction,
which contributed to slower dissolution, with reaction and
expansion over longer periods that could not be detected
using accelerated tests with mortar bars.
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