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Abstract 

The constant effort to develop sustainable and durable alternatives to Portland cement (PC) concrete 
has been a major drive for research on alkali-activated concrete (AAC). Although AACs are known for 
their high chemical resistance, their potential for deleterious induced expansion and deterioration 
caused by alkali-silica reaction (ASR) remains unclear. This research aims to investigate ASR 
physiochemical development and its impact on the overall damage of low molarity alkali-activated 
concrete blends made of conventional supplementary cementitious materials (SCMs), namely fly ash 
(FA) and slag (SG). Therefore, PC-based (i.e., pure PC, 70%PC-30%FA, and 50%PC-50%SG) and 
alkali-activated (i.e., 80%FA-20%SG and 80%SG-20%FA) concrete specimens were manufactured and 
stored in conditions enabling ASR-induced development as per ASTM C 1293 (i.e., 38°C and 100% 
R.H.) and monitored over time. After four months of exposure, microscopic (i.e., Damage Rating Index 
– DRI) and macroscopic (i.e., Stiffness Damage Test – SDT and compressive strength) test procedures 
were conducted and revealed that while ASR did develop in all mixes, the extent of microscopic damage 
and loss in mechanical properties was substantially lower in SCMs-containing PC and AAC mixtures 
than in PC mixtures. In contrast with PC mixes, the causes of expansion and mass gain in AAC mixes 
were shown to be multifactorial. 

Keywords: Alkali-activated concretes, alkali-silica reaction, low molarity, macroscopic analysis, 
supplementary cementing materials 

1. INTRODUCTION  

Concrete is a widely used material for critical infrastructure worldwide: over 10 billion tons of concrete 
are produced annually [1]. In addition, its demand is anticipated to grow up to approximately 18 billion 
tons annually by 2050 [2]. However, the construction industry is facing crucial challenges to find cost-
effective strategies to reduce the carbon-footprint and embodied energy associated with the production 
and use of concrete and its ingredients [3]. Portland cement (PC) is by far the most important ingredient 
of concrete and also the main responsible for its carbon-footprint, accounting for about 7% of the annual 
man-made CO2 emissions [4]. As a result, the interest of the scientific community for eco-friendly 
alternatives to PC is growing exponentially, with some of the most promising alternatives being alkali-
activated concrete (AAC) [5–7]. Literature findings suggest that AAC provide materials with high 
mechanical properties [8, 9] and durability [10–12]. These materials are synthesized by reacting 
amorphous aluminosilicate precursors (i.e., minerals or waste materials) with a highly alkaline activator 
solution. Overall, alkali-activated binder systems can be divided into three categories based on their 
calcium content (i.e., geopolymers, intermediate and high calcium AAC) [13]. This distinction is 
necessary due to the large impact of calcium on the hardened material’s gel composition and 
microstructure, and therefore its resistance against chemical attacks [14–17]. Even though the chemical 
resistance of AAC mixtures appears very promising [18, 19], the high alkalinity of AAC’s pore solution 
has raised concerns on their susceptibility to alkali-silica reaction (ASR) [20]. Yet, few studies have been 
published on the subject [20, 21] and contradictory results were obtained [22–25]. Moreover, most of 
the research was performed on mortars subjected to 80°C and soaked in 1 mol NaOH (i.e., ASTM 
C1260) [25–27], despite this testing method being criticized for its extremely aggressive environment 
and short time duration [25, 28–30], thus providing inaccurate results when applied to low calcium AAC 
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[25, 30–32]. A systematic investigation is thus needed to better understand the mechanism of ASR in 
the AAC system. This works aims to appraise the early development of ASR in low-molarity alkali-
activated concrete of intermediate and high calcium content incorporating highly reactive coarse 
aggregates in comparison with SCMs-containing PC based concrete. Furthermore, because more 
studies are needed to understand ASR development in low alkali binary AACs and evaluate how it 
differentiates from ASR development in SCMs-containing PC, a dual and multi-scale approach to the 
investigation of ASR has been adopted to improve the understanding of the resistance of both alkali-
activated and Portland binder systems. 

1.1 ASR development in alkali-activated materials 

ASR is one of the most harmful distress mechanisms affecting the durability and serviceability of 
concrete infrastructure. ASR is conventionally defined as a chemical reaction between alkalis (Na+, K+ 
and OH−) dissolved in concrete’s pore solution, and some reactive mineral phases containing reactive 
silica forms present in the aggregates [33–37]. ASR generates a gel that swells in the presence of water, 
causing volumetric expansion and distress in the affected material [36]. The degree and features of ASR 
damage depends upon the type (i.e., fine or coarse aggregate) and reactivity of the aggregates used, 
the amount of alkalis in the concrete, as well as the temperature and relative humidity of the environment 
[35, 36, 38–42]. This section will focus on the development of ASR in AAC. 

Literature shows that two competitive factors must be considered for the study of ASR; the first being 
related to their very high alkali content, and the second being that most precursors used in alkali-
activated concrete are supplementary cementitious materials (SCMs) with the potential to mitigate ASR 
in PC concrete. Regarding alkali content, although many studies have found that a higher alkali dosage 
leads to an increase in pore solution alkalinity and ASR gel amounts [23, 29, 43, 44], the relationship 
between the two remains a subject of debate. Indeed, greater pore solution alkalinity appears to impact 
ASR in seemingly conflicting ways. While the additional alkalis may worsen ASR, the higher alkali 
content has also been reported to increase precursor dissolution [45]. This can lead to elevated 
aluminium content in the pore solution, which results in a decreasing silica dissolution rate [46]. 
Additionally, more fully reacted binders have a greater alkali binding capacity, therefore their initially 
high pore solution alkalinity may decrease over time. These two mechanisms may explain the results 
obtained by Shi et al. and Yang et al. [46, 47] who reported lesser ASR gel amounts with an increase in 
alkali dosage. In particular, it appears that in pure sodium hydroxide activated AACs, the expansion 
increases as the molarity decreases [46]. Furthermore, the discrepancy in several authors’ findings of 
the impact of alkali content on ASR may have found some explanation by the investigation of multiple 
parameters (i.e., silicate modulus, alkali dosage and alkali cation) [21], as in the recent study by Tänzer 
et al. [23]. There remains a need to further investigate ASR resistance of low alkali (2M) sodium 
hydroxide AACs.  

As for the choice of aluminosilicate precursors and their impact on preventing ASR, the large differences 
in their chemistry can partially account for the expansion disparities in AACs. Three main categories of 
behavior were defined from the literature [20, 21, 48]: (1) AAC is unlikely to suffer from deleterious ASR, 
(2) AAC has a similar resistance to ASR as PC concrete’s, (3) AAC exhibits poorer resistance to ASR 
than PC concrete. The first case mostly apply to low-calcium AACs [22, 32, 43, 49, 50], although it has 
been observed sporadically in high-calcium AACs [51]. The key role of calcium in the formation of 
expansive ASR was investigated in many studies and could explain the limited amounts and innocuous 
nature of ASR gels in pure fly-ash and metakaolin AACs [27, 52]. On the other hand, alkali-activated 
slag concrete and other high calcium AACs are predominantly found in the second category [24, 30, 50, 
53] and, to a smaller extent, in the third one [28, 32]. The high alkali binding and low calcium availability 
of these binders may explain why most slag-based concrete fall into the second category [54, 55]. 
However, the reason why certain high calcium AACs are in the third category remains unclear. 
Moreover, the behavior of binary AACs comprising low and high calcium precursors is not well 
understood. From the very few studies published on the subject [22, 50, 56], it is not yet clear how binary 
AACs resist to ASR.  

2. SCOPE OF WORK 

The long-term resistance of AAC mixtures and of SCMs-containing PC concrete mixtures to ASR 
remains an active field of study. The aim of this work is to shed light on the early development of ASR 
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in low-molarity AACs of intermediate and high calcium content (i.e., respectively 80% fly ash-20% slag, 
and 20% fly ash-80% slag), as well as in Portland-based concrete containing either 30% fly ash or 50% 
slag. Concrete specimens made with highly reactive coarse aggregates (crushed Greywacke) were 
stored for four months in an environment enabling ASR-induced development as per ASTM C 1293. 
Several of their macroscopic and microscopic properties were monitored over time to appraise how their 
properties were impacted by or were susceptible to impact ASR development. The influence of ASR on 
mechanical properties was assessed through compressive strength and stiffness damage testing. The 
extent of microscopic damage induced by ASR was also evaluated. Additionally, the length and mass 
of the samples were monitored monthly. 

3. MATERIALS AND METHODS  

3.1 Materials and concrete mix design 

Two alkali-activated and three PC concrete mixes were designed following the guidelines of ASTM 
C1293 except for the size of specimens and the alkali boosting in AACs [57]. All concrete mixes were 
prepared with a non-reactive fine aggregate (manufactured sand) and with a highly reactive coarse 
aggregate (crushed Greywacke). The volume of reactive coarse aggregate and the water-to-cement 
ratio (0.45) were fixed in all mixtures. The mix-design of the concrete mixtures can be found in Table 
3-1. The alkali-activated binder of the two families comprises respectively 80% of fly ash and 20% 
ground blast furnace slag (AAC-FA), and 20% fly ash and 80% ground blast furnace slag (AAC-SG). 
The activator solution is made of 2 mole sodium hydroxide solution, which brought the NaO2 content to 
5.23% for the AAC-FA mix, and to 3.85% for the AAC-SG mix. As these values are beyond the 1.25% 
NaO2 content prescribed by ASTM C1293, no additional alkalis were incorporated. In the PC mixtures, 
a fraction of cement was replaced with fly ash (PC-FA) or slag (PC-SG). To allow ASR development in 
these mixes, the percentage of SCMs added was chosen to be slightly below the necessary amount to 
completely mitigate ASR in the short term. An ordinary Portland cement concrete (OPC) was also 
manufactured to serve as control. Sodium hydroxide was added to bring the total NaO2 content to 1.25% 
in all PC concrete batches. The chemical composition of binder constituents can be found in Table 3-2. 

Table 3-1: Mix-design of the alkali-activated and Portland cement mixtures 

  AAC-FA AAC-SG PC-FA PC-SG OPC 

Activator 
(kg/m3) 

Water 189 
Dry NaOH 15 15 - - - 

Binder (kg/m3) 

SG  84 336 - 210 - 
FA  336 84 126 - - 
PC 0 0 294 210 420 

Aggregates 
(kg/m3) 

Coarse   938 
Fine  694 800 776 822 836 

Table 3-2: Chemical composition of the binder’s components 

Composition (%) SiO2 Al2O3 CaO Fe2O3 SO3 MgO Na2O LOI 

SG 36.64 11.14 37.32 0.4 0.37 12.15 0.63 0.49 
FA 56.31 23.27 10.29 3.57 0.19 1.07 3.17 0.98 
PC 20.1 5.03 61.93 3.8 3.38 2.42 0.91 2.1 

 

3.2 Manufacture of the concrete specimens 

A total of 45 concrete cylinders of 200 mm of length and 100 mm of diameter were cast per mix instead 
of the concrete prisms recommended by the ASTM C1293 standard. After 24 hours of moist curing, 
samples were demolded, and small holes were drilled. Studs were inserted with a fast-setting cement. 
The samples were moist cured again for 48 hours until the zeroth measurements of length and mass 
were made. The cylinders were then placed in sealed buckets in 100% relative humidity conditions and 
stored in a 38°C chamber, except for a few that were wrapped and kept at 12°C to prevent ASR 
development and be used as sound specimens. The buckets were removed monthly from the chamber, 
and length and mass measurements were conducted on cylinders once they reached room temperature. 
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After four months, a few samples chosen for macroscopic and microscopic testing were removed from 
the ASR-inducing storage conditions and were wrapped and kept in a 12°C chamber to stop ASR 
development until testing. At least 48 hours before testing, the samples were removed from the chamber 
and put at 100% relative humidity at room temperature, following the procedure for testing cores from 
concrete structures (CSA A23.2-14C) [58]. The cylinders’ studs were then removed, and the samples 
were mechanically ground to achieve a flat surface on both ends.  

3.3 Assessment of ASR development 

3.3.1 Macroscopic testing 

The first compressive strength testing was performed on three sound cylinders after a 47-day curing 
period according to the maturity concept specified in ASTM C 1074 [59]. The second compressive 
strength measurements were carried out on three cylinders kept in ASR-inducing conditions and used 
for stiffness damage testing (SDT), with the aim of verifying the compressive strength loss of concrete 
as a function of AAR development. This procedure was adopted and considered valid after Sanchez et 
al. [35, 60] confirmed the SDT’s non-destructiveness. Regarding the SDT procedure, the same approach 
as proposed in Sanchez et al. [35, 41, 61] was chosen, i.e. using a loading level corresponding to 40% 
of the 28-day compressive strength of the sound samples, and five cycles of loading/unloading at a 
controlled loading rate of 0.10 MPa/s. 

3.3.2 Microscopic testing 

The damage rating index (DRI), a semi-petrographic method, was used to evaluate the extent and 
patterns of cracking in both sound samples and samples kept in ASR-inducing conditions, according to 
the method described by Sanchez et al. [35, 60]. The DRI final number presented in this work is the 
normalized 100 cm2 value obtained over semi-polished concrete specimens. Even though alkali-
activated binders are “cement-free” materials, the original taxonomy of petrographic features as 
presented in Table 3-3 is followed for all mixtures to facilitate the comparison between AAC and PC 
batches.  

Table 3-3 Weighing factor per petrographic feature for the DRI method [60]  

Petrographic features  Weighing factors 

Crack in coarse aggregate CCA 0.25 
Opened crack in coarse aggregate OCA 2 

Crack with reaction product in coarse aggregate OCAG 2 
Coarse aggregate debonded CAD 3 

Crack in cement paste CCP 3 
Crack with reaction product in cement paste CCPG 3 
Disaggregate/corroded aggregate particle DAP 2 

 

4. RESULTS AND DISCUSSION 

4.1 ASR kinetics 

In this section, ASR expansion kinetics and amplitude results are presented for all five mixtures.  Figure 
4-1a shows the average expansion values of each mixture, while Figure 4-1b shows the mass variation 
over time. A wide range of expansion kinetics and amplitudes were obtained as a function of the mixtures 
tested. In general, the control mixture (OPC) displayed faster ASR kinetics and higher expansion 
amplitudes (i.e., 0.31% at 130 days) than those incorporating SCMs. The use of SCMs in both alkali-
activated and PC systems slowed down ASR kinetics. Moreover, it is worth noticing that SCMs-
containing PC concrete mixtures exhibited 63% expansion decrease compared with AAC mixtures. It is 
well known in the literature that SCMs are a powerful preventive measure against ASR development. 
Overall, SCMs can enhance concrete microstructure, impacting the mobility of ions and possibly slowing 
the reaction rate [62–64]. Likewise, these materials are able to dilute the alkalis available from the clinker 
and change the properties of ASR reaction products by consuming Ca(OH)2 from the concrete pore 
solution [33, 64, 65]. Furthermore, the difference in calcium content of the SCMs used in this research 
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could be a determining factor to account for the differences in expansion development of PC-FA and 
PC-SG mixes.  

  

Figure 4-1 a) ASR expansion development over-time, and b) mass gain over-time 

Similarly, AAC-SG’s and AAC-FA’s expansion values demonstrated comparable behavior, yet AAC-SG 
displayed lower values than AAC-FA during the testing period. The “slag-rich” alkali-activated samples 
(AAC-SG) developed considerable shrinkage within the first weeks of testing which is in agreement with 
past studies [66, 67]. In comparison with the fly ash- and slag-containing PC samples, and despite initial 
shrinkage, both alkali-activated samples exhibited faster ASR kinetics rates. This difference in behavior 
may be partially explained by the higher alkali content of AAC samples. However, the expansion 
amplitudes of the AAC mixtures studied in this research are higher than most values reported in the 
literature [50, 56], so the alkali content is unlikely to be the only influencing factor. It is worth speculating 
that two main factors could be responsible for the behavior of AAC samples: the high reactivity of the 
aggregates and the low molarity of the sodium hydroxide activator solution. ASR resistance of AAC to 
such highly reactivity aggregate has rarely been reported in the literature [32, 56], and is still largely 
unknown. The low molarity NaOH solution might also have worsened the vulnerability of the AAC mixes 
to ASR. As discussed previously, the absence of sodium silicate in the activator and low alkali content 
could impair precursors’ dissolution and limit the reaction extent. Consequently, lesser amounts of 
calcium aluminosilicate hydrate (C-A-S-H) and sodium aluminosilicate gel (N-A-S-(H)) would form in the 
AAC blends. In other words, we may hypothesize that the relative proportion of alkalis in pore solution 
may increase as a result of lesser reacted phases. 

The mass variation of the specimens over time was also monitored to correlate microstructure and ASR 
development with the expansion. Figure 4-1b illustrates that mass variation does not always correlate 
with length variations. Overall, there is significant mass gain in all mixes. Since cylinders are stored at 
100% of relative humidity, mass increase is attributable notably to moisture absorption. This may be 
associated with changes in the pore system capacity during hydration, integration into hydrate products 
and formation of detrimental products like ASR gel. While both expansion and mass values appear to 
increase steadily for PC specimens, mass measurements fluctuate in AAC and SCMs-containing 
specimens. The mass of the PC-SG specimens starts increasing significantly faster than PC-FA 
specimens’ mass after two months. Since the difference in expansion values between the two SCMs-
containing PC mixtures also increased at the same time, the cause of the sudden mass gain of PC-SG 
samples could be correlated with more ASR product formation. As for the alkali-activated samples, both 
mixtures followed similar trends: the mass gain rate was particularly high during the first month, followed 
by more stable values from the second month onward. Even though the control OPC samples exhibited 
much larger expansion, their mass gain was smaller than that of AAC-FA until the third month of 
monitoring, and that of AAC-SG until the second month of monitoring. As explained by Shi et al. [46], 
the ongoing hydration process of alkali-activated materials over the first months may also contribute to 
the mass increase. Thus, the slower development of microstructure in AACs could partially explain the 
difference in mass variation between the alkali-activated and PC binder systems. The higher sorptivity 
of AAC could also have led to greater water uptake by these samples and thus larger mass gain [68]. 
Moreover, the stabilization of the mass of alkali-activated samples after three months while length 
measurements were still increasing seems to indicate that the early mass gain experienced by AAC was 
mainly caused by hydration and water uptake. Differences in mass increase between AAC mixtures may 
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be partially accounted for by the difference in expansion values, but it appears likely that the kinetics of 
reaction in low versus high calcium AAC could have played a larger role. Another factor to be considered 
is the lower porosity of mixes with fly ash, which would be expected to limit moisture loss. The evolution 
of mechanical properties will be discussed in the following section to further investigate the causes of 
mass and length variations. 

4.2 Macroscopic testing 

The results of compressive strength and SDT testing are reported for both AAC and PC mixes in Figure 
4-2. From these results, there is a very significant difference between the mechanical properties of AAC 
and PC binders over the testing period. The performance of OPC control samples was initially 
satisfactory but largely decreased after four months of exposure to ASR-inducing conditions. Strength 
and modulus of elasticity losses of 22% and 48% respectively were observed in the OPC mixture, which 
correlates to its high expansion. In comparison, the compressive strength remained stable in both fly 
ash and slag PC mixtures (increase < 5%). Although fly ash and slag Portland cement mixes showed 
signs of expansion after four months, their expansion level remained below 0.05%. The absence of 
impact on mechanical properties is thus in agreement with the qualitative AAR damage model proposed 
by Sanchez et al. [40]. According to the model, the cracks formed during the early stages of ASR are 
mostly confined to the aggregate particles, with very few cracks in the cement matrix. The concrete 
strength is thus largely unaffected by ASR development at this stage. Pozzolanic reactions of the SCMs 
cause a small increase in the compressive strength at four months. However, the modulus of elasticity 
of those mixtures shows a small decrease during this same period, which may indicate the beginning of 
damage in SCMs-containing samples.  

 
Figure 4-2 Compressive strength and modulus of elasticity of the (a) alkali-activated and (b) Portland-

based samples at 28 days and after 4 months 

Conversely, AAC samples displayed radically different behaviors for both the evolution of compressive 
strength and modulus of elasticity. Even though both high and low calcium AAC experienced moderate 
expansion levels, the increase in compressive strength reached 120% and 76% for the AAC-FA and 
AAC-SG mixes, respectively. As expected, the growth in compressive strength led to higher moduli of 
elasticity, with increases ranging from nearly 30% to almost 40%. Significant improvements in 
mechanical properties over the first months after batching are not uncommon for alkali-activated 
materials. It may explain why in spite of the moderate expansion level reached by the AAC samples, 
their mechanical properties improved more rapidly than damage could develop. Furthermore, while both 
AACs gained in strength and modulus of elasticity, the properties of the AAC-FA mix improved more 
than those of the AAC-SG mix. Since the level of expansion attained by the AAC-FA mix is higher than 
that of the AAC-SG mix, it appears unlikely that this difference could be caused by a greater extent of 
damage in AAC-SG samples. Rather, because of the dual influence of calcium and precursors’ reactivity 
on AAC properties’ development [69], it is more likely that the difference in mechanical property evolution 
over the observation period is governed by the proportions of precursors.  

The raw values from SDT enabled the calculation of Stiffness Damage Index (SDI) and Plastic 
Deformation Index (PDI) for the two concrete mixes. These indices indicate the ratio of dissipated energy 
over total energy during the test. This enables for a more reliable assessment of damage [70], 
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independently of the type of reactive aggregate or the strength of the concrete [70, 71]. Results from the 
OPC control samples demonstrated high increases in both the SDI and PDI values at four months, which 
is consistent with an expansion level of 0.3%. PC-FA had moderate increases in SDI (43%) and PDI 
(14%), while PC-SG had moderate decreases in SDI (31%) and PDI (18%). This indication of lower 
damage is consistent with the lower expansion observed in these samples and, in the case of PC-SG, 
may indicate ongoing hydration causing increased strength. In the AAC samples, significant decreases 
in SDI and PDI occurred, indicating improved mechanical properties. For both AAC-FA and AAC-SG, 
the SDI and PDI decreased up to 80% over the testing period. The SDI at four months was higher for 
PC-SG, suggesting poorer mechanical properties than SG-FA. This is inconsistent with the observed 
expansion. Again, this difference is thought to be caused by the difference in strength gain between the 
two AAC families arising from different hydration mechanisms and calcium contents. Finally, the 
mechanical testing results show that both PC and PC-FA appear to be affected by ASR damage. 
However, the improvement in mechanical properties of AACs and of PC-SG mixtures raises the need 
for microscopic analysis to confirm the presence of ASR and the onset of ASR-induced damage in these 
specimens.  

 
Figure 4-3 SDI and PDI of the (a) alkali-activated and (b) Portland-based samples at 28 days and after 

4 months 

4.3 Microscopic testing 

Using DRI analysis, the features and extent of cracking were evaluated in samples after 4 months of 
exposure and were compared with cracking in sound samples after a month of curing. After weighting 
the different crack types, the DRI number of each mixture was evaluated and is illustrated in Figure 4-
4. From the results shown in Figure 4-4, it can be observed that the PC mixes had initially very low DRI 
numbers in comparison with AAC mixes. Furthermore, large counts of open cracks with and without gel 
in the aggregate, as well as cracks within the cement paste developed in the OPC samples over the 
course of four months. High amounts of cracks in coarse aggregates (CCA) were also initially present 
in PC-based samples and appear, most likely, as the result of processing operations or weathering. The 
number of closed cracks within the aggregates remained constant for the testing period, which seems 
to indicate that many of those cracks were present in the aggregates prior to batching. These results 
confirm that the OPC mix was very affected by ASR damage after four months of exposure. Conversely, 
the SCMs-containing mixes appear much less damaged.  Even though both the distribution of cracks 
and DRI number were initially similar in all PC mixtures, the fly ash- and slag- containing samples only 
saw a moderate increase of the DRI number, mainly due to greater open cracks in the aggregate (OCA) 
counts after four months. Interestingly, PC-SG samples exhibited a higher DRI number than PC-FA 
samples, and in contrast to the fly ash samples, they displayed the onset of open cracks in the aggregate 
with gel (OCAG). This behavior conflicts with mechanical testing results but accords with the expansion 
values reported. It is likely that the greater strength gain of PC-SG specimens has prevented mechanical 
properties loss in the short term. Moreover, this finding highlights the need to perform multi-scale testing 
when establishing an ASR diagnostic. It appears especially true for ASR detection in AACs given the 
apparent contradiction in mechanical, versus length and mass measurements results.  

In AAC families, the initial DRI numbers were exceptionally high, especially with regards to the cracks 
in the cement paste (CCP) and OCA cracks. In addition, the interfacial transition zone in both AAC 
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mixtures appears highly porous at 28 days, especially in the case of AAC-SG, which showed with a high 
number of macropores, and cracks perpendicular to the aggregates indicating strong signs of shrinkage. 
These cracks were classified as CCP, which heavily contributed to the high DRI numbers obtained for 
the two AAC mixtures. Those results are indicative of poor microstructure in the early days of the testing 
period. This may be explained notably by the large strength gain observed for the AAC samples, which 
showed that important changes on a microscale were taking place during the first months of testing. 
Furthermore, the sound (1-month) samples were moist cured at ambient temperature for the first 48 
hours and then kept at low temperature (12°C) and humidity until testing to prevent ASR development. 
To the best knowledge of the authors, the impact of this procedure on the maturity of AAC concrete has 
not been previously studied, and it remains unclear if it could have negatively impacted the 
microstructure of the sound (1-month) samples. Furthermore, it is well known that elevated temperatures 
are beneficial to fly ash-containing AACs [72]. Thus, the 38°C conditions might have increased fly ash 
dissolution and contributed to the gain in mechanical properties. Indeed, the microstructure of alkali-
activated samples at four month appears significantly improved, as shown by the considerable decrease 
in CCP count. At the same time, a slight increase in OCA and OCAG cracks is noticeable in the AAC-
FA samples. Even though this was not observed in the AAC-SG mixture, about 30% of the CCP cracks 
in AAC-SG samples were “through-aggregate” cracks typical of ASR damage. In contrast, the cracks 
observed in AAC-FA were not related to the aggregates, which indicates that most were unlikely to result 
from ASR. From these results, it may be concluded that the extent of ASR damage in AACs was small. 
This further confirms that ASR development was not the only cause of the expansion observed in the 
samples. Further studies are needed to better understand the etiology of the expansion and the ASR 
development at later ages. 

 

Figure 4-4 DRI number of (a) alkali-activated mixes and (b) Portland-based mixes at 28 days and after 
4 months 

5. CONCLUSIONS 

This study showed the assessment of ASR impact on a macroscopic and microscopic level for alkali-
activated and Portland-based concrete mixtures. The following conclusions may be drawn: 

 All mixes performed better than the control OPC mixture in the modified ASTM C 1293 using 
the same reactive coarse aggregate. 

 Mechanical behavior captured through SDT using SDI and PDI indices indicate that hydration 
behavior was substantially different for AAC and PC-based mixes. AAC mixes exhibited poor 
initial mechanical properties but substantial improvements at 4 months. Assessment of ASR 
damage using this technique will require calibration to capture the effect of ASR on AAC 
materials.  

 ASR damage features were observed in all samples, but to a much greater extent in OPC 
samples. Due to porous microstructure in the early stages, the cracking in alkali-activated 
samples diminished over the testing period. The observation of few ASR distress features in 
AAC specimens led the authors to believe that the samples have only been slightly affected by 
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ASR, which is in contradiction with the expansion results. Further work is ongoing to better 
understand the etiology of expansion and mass gain in AAC.  
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