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Abstract

Alkali-carbonate reaction is a known harmful reaction that affects concrete durability and constitutes
an issue of much controversy between researchers and concrete technologists. Since 1991, the authors have
been working in this field to evaluate the possibility of the occurrence of this reaction in Argentina. The
studies have shown the existence of a fine-grained dolostone that reacts deleteriously with concrete alkalis
following a mechanism similar to ACR. This dolostone has two distinctive characteristics. First of all, the
rock shows a clear dedolomitization reaction producing calcite and brucite (no siliceous gel was observed in
thin sections). Secondly, the use of known mineral admixtures (fly ash, silica fume, ground granulated blast-
furnace slag, natural pozzolan) or lithium compounds does not mitigate concrete expansion. This paper
summarizes the results obtained with this dolomitic rock using current characterization techniques (ASTM C

586, ASTM C 227, NBRI, concrete prism expansion test, and polarization microscopy).

1 INTRODUCTION

Concrete structures affected by alkali-carbonate reaction (ACR) have only been reported in Canada,
USA and China [1-4] and possibly in Austria [5]. In spite of that, this reaction has many distinctive
characteristics which are very interesting for concrete technologists, not only from an academic point of view
but also from engineering practice.

One of the most critical features of ACR is that concrete expansion cannot be effectively controlled
by combining either low or high alkali cement with mineral admixtures [6-10] or by using lithium-based
chemical compounds [1,06,11,12].

An additional typical attribute of ACR is that the relationship between concrete or mortar expansion
and the grading of reactive aggregate is not like the one observed in alkali-silica reaction (ASR) [13]. This is
the reason why there are some test methods especially designed to study ACR [5,14].
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Another common characteristic of concrete affected by ACR is that classical siliceous gel from ASR is
usually not detected or, at least, the correspondence between its quantity and concrete damage is not so
obvious [1,7].

All the issues described above have been studied by many researchers all over the world [15-19] and all
of them are still subject of much controversy and an ongoing debate [20-22].

Although a number of concrete structures in Argentina have been deteriorated by ASR [23-26], there
is no one affected by ACR so far. The authors have been working in this field since 1991, to evaluate the
possibility of the occurrence of this reaction with dolomitic rocks from Argentina [27,28].

The studies have shown the existence of a fine-grained dolostone that reacts deleteriously with
concrete alkalis following a mechanism similar to ACR [29,30]. This dolostone has two distinctive
characteristics. First of all, the rock, used as coarse aggregate in concrete, shows a clear dedolomitization
reaction producing calcite and brucite (siliceous gel was rarely observed in thin sections) [29]. Secondly, the
use of efficient mineral admixtures (fly ash, silica fume, ground granulated blast-furnace slag, natural
pozzolan) or lithium compounds for replacements frequently used for controlling ASR, does not inhibit
concrete expansion [31].

This paper summarizes the results obtained with this dolomitic rock using current characterization

techniques (ASTM C 586, ASTM C 227, NBRI, concrete prism expansion test and polatization microscopy).

2 MATERIALS AND METHODS
2.1  Materials
Portland cements
Otdinary Portland cements (type I according to ASTM C 150), with high (1.15 £ 0.01 % NaxO.q) and
low (0.34 % NayO.q) alkali content (HAC and LAC, respectively), were used to make mortar and concrete

specimens.

Valcheta Dolostone (17D)

The rock studied is a dolostone from hydrothermal origin (Lower Tertiary), from Valcheta (Province
of Rio Negro, Argentine). It is a porous rock, without alteration, composed by dolomite with minor amount
of quartz, feldspar and fragments of rhyolitic volcanic rocks. The grain size ranges from 10 to 30 um. The
insoluble residue varies between 10 and 20 %. By XRD, illite, smectite and sepiolite were also identified in its

composition. Three different samples of this rock (a, b and ¢) were used throughout these studies.

Fine aggregate
Non-reactive siliceous sand was used. This sand, consisting of fresh and unaltered quartz and feldspar

grains, is a material of proved characteristics and widely used for preparing control mixes in testing research.

Mineral adpixctures (M.A)

Table 1 shows the type, origin and the main characteristics of the MA used in this study for preparing
mortar and concrete mixtures. The replacement percentages used of each MA were as follows: 30 wt%, for
natural pozzolan; 40 wt%, for fly ash; 60 wt%, for granulated blast-furnace slag; and 10 wt%, for silica fume.

2.2 Methods
Several alkali reactivity test methods were applied on rock, mortar and concrete specimens in order to
evaluate the ACR of the rock sample under study. The main guidelines of these test methods are given below.



Chemical method
A rock sample is analyzed for CaO/MgO ratio and ALO3, according to CSA A23.2-26A [32]. The
results are plotted on a graph showing zones that correspond to aggregates potentially expansive or not, due

to ACR [33)].

Rock cylinder method
A modified version of ASTM C 586 [34] was applied for this study. Length changes were measured on
rock cylinders (19 mm in diameter and 75 mm in length) while immersed in 1N NaOH solution at 23 °C. The

volume of alkali solution to the volume of rock specimen ratio was about 7.

Mortar bar test method (MBT)

25 x 25 x 285 mm mortar bars were made with HAC, according to ASTM C 227-87 [35] (i.e.
maintaining mortar flow between 100 and 110 and storing the bars in wicked containers). Mortar bar
expansions were measured up to 12 months. MBT was both applied to evaluate the expansion behavior of
VD and the effectiveness of the addition of 1.0 % LiCl (by weight of cement) to control the deleterious
reaction. Some additional tests were conducted using the aggregate with a coarser grading. Mortar bar

expansions greater than 0.05 % at 3 months or 0.10 % at 6 months are considered potentially deleterious.

Accelerated mortar bar test method (AMBT)

25 x 25 x 285 mm mortar bars were made with HAC, according to ASTM C9-P214 (similar to ASTM
C 1260), widely known as NBRI [36]. Mortar bar expansions were measured up to 28 days, maintaining the
bars immersed in 1N NaOH solution at 80 °C. AMBT was both run to evaluate the expansion tesponse of

VD and the effectiveness of MA for inhibiting the expansive reaction.

Concrete prism test method (CPT)

75 x 75 x 360 mm concrete prisms were made using VD as coarse aggregate (19 mm-maximum size)
and non-reactive siliceous sand. Control concrete mixtures were prepared with the following characteristics:
cement content of 310 kg/m3, HAC with an alkali content raised to 1.25 wt% of NayOeq (3.88 kg NaOcq/m?
of concrete), coarse-to-fine aggregates ratio of 50:50 and a watet-to-cement tatio (w/c) of 0.57. The prisms
were put into sealed plastic bags, containing 100 ml of water (after Rogers and Hooton [37]), and stored at 38
°C. Concrete expansions were monitored up to 3 years. CPT was both used to evaluate the expansivity of VD
and the effectiveness of MA for controlling the expansive reaction. A pair of concrete mixtures, with a
smaller maximum size of coarse aggregate (10 mm), was also prepared to evaluate the inhibition effectiveness

of lithium carbonate (Li2CO3). The dose used for this chemical addition was 2.8 % by weight of cement.

3 RESULTS

The results of the chemical analysis of VD are given in Table 1. Figure 1 shows a plot of CaO/MgO
ratio versus Al;O3. On the basis of these data, the rock under study would be considered innocuous.

Figure 2 shows a plot of expansion of rock cylinders immersed in 1N NaOH solution up to 1 year. In
this case, rock specimens (a-1, a-2 and a-3) were drilled form different pieces of rock randomly selected
(bedding was not discernible). As this figure shows, expansive tendencies of rock specimens are evident after
28 days of immersion in alkali, being the cylinders expansion very different between them and well in excess
of 0.1 %. Although a large number of cracks were observed on rock cylinders, no typical signs of ASR, such
as gel or stains could be seen. Previous studies [29,30], performed by XRD and SEM analyses, found that a

strong dedolomitization occurs near the surfaces of rock cylinders and calcite and brucite are clearly detected.



Table 3 shows the record of expansion of the MBT specimens at 3, 6 and 12 months. First of all,
these results show again, that VD has a clear expansion behavior resulting from the alkali attack. Comparing
the results of the mixtures 2 and 3, it is also clear that the addition of 1 % LiCl has no effect at all on mortar
expansion. Despite the expansion results of mortar mixtures 1 and 2 are not totally comparable (as they were
prepared with different aggregate fractions), it appears to be that the use of a coarser grading promotes an
increase of the expansion level of mortar bars, as is usually the case for the ACR [13,14]. Petrographic
examination of the MBT specimens revealed unmistakable evidence of ACR (Figute 7). Indeed, calcitic
reaction rims and cracks were clearly observed although no siliceous gel could be detected.

The expansion results of the AMBT at 16 and 28 days are given in Table 4. Although the expansive
tendency of VD is also detected by this test method, the expansion of mortar bars made from the control
mixes (# 1, 2, 4, 5), according to ASTM C9-P214, is close to 0.10 % at 16 days. As it was observed in the
MBT, when the mortar bars of the AMBT were made with a coarser aggregate fraction (1.2-4.8 mm), the
expansion level was greater than that obtained in the mortar made with the whole grading of the aggregate
(0.15-4.8 mm). It is also remarkable that, at later ages, mortar bars made with MA expanded more than the
control (only HAC). Again, these results showed that none of the MA selected for this study (at replacements
levels considered to be adequate for inhibiting the expansion of ASR, at least) was suitable for controlling the
deleterious reaction caused by Valcheta dolostone.

Expansion curves of concretes made by either LAC or a combination of HAC and a mineral
admixture (MA) are shown in Figures 4 and 5. It should be noted that all the concretes tested appear to be
still expanding at the end of the 3-year test period. In the same way, none of the MA selected for this study
was suitable for controlling the deleterious reaction caused by VD (sample c). The use of concrete mixture
with low alkali content (= 1.0 kg Na;Ocq/m?) was not effective either (Figure 4). Concrete expansion was only
just reduced by 30 % using lithium carbonate (Figure 06).

4 DISCUSSION

It is clear from the above results that the dolomitic rock under study (VD) exhibits a clear expansive
behavior as a result of the alkali attack, although this rock does not reveal the characteristic texture and
mineral composition typical of the alkali-carbonate reactive rocks [2,3,0,13].

From a petrographic point of view, VD has many interesting features. Firstly, it has fine-grained
dolomite crystals (< 50 um) and a pore structure allowing alkali solution to penetrate the rock. Both
conditions are considered very important for the reactivity of every dolomitic rock [3]. Secondly, contrary to
the well know Canadian and American alkali-carbonate reactive rocks, VD has no calcite. This fact makes the
rock to have a bulk composition very different to the known reactive carbonate aggregates and this could
explain why the quick chemical screening test did not identify its deleterious alkali reactivity.

The rock has also a high insoluble residue with various siliceous components that might also promote
expansion due to ASR, considering the new approach emerged from the literature [21,22]. However, although
reaction rims and cracks were clearly observed in mortar and concrete specimens, no siliceous gel could be
identified by visual inspection or microscopical examination (as is usually the case in ACR). Only calcite and
brucite were detected as a result of the dedolomitization reaction. Finally, while the presence of smectite
makes the evaluation of this rock quite complicated, previous studies [29] have shown that this atrgillaceous
component does not play any role in the expansion of the rock.

In agreement with the literature [1,8,14], MBT and AMBT were not effective in detecting the alkali-
reactivity of VD, since 1-year or 16-day mortar bar expansions, respectively, were less than 0.10 %. It is also
clear that the use of an aggregate with a coarser grading induce an increase of the expansion level of mortar
bars, as is usually the case for the ACR [13,14].



Above all, the most interesting feature of this study is that mortar or concrete expansion could not be
effectively controlled by combining either low or high alkali cement with mineral admixtures or by using
lithium-based chemical compounds, as it occurs in the case of ACR [1,8-12]. It is particulatly remarkable that
using a concrete mixture with an alkali content as low as 1.0 kg NaxO.q/m? was not effective either. As it was

reported by Pagano and Cady [12], the use of lithium carbonate was not useful as a preventive measure.

5 CONCLUSIONS

From the experimental results of this study, the following conclusions can be drawn:
. The dolostone under study reacts deleteriously with concrete alkalis following a mechanism similar to
ACR, despite the rock does not have the characteristic texture of the alkali-carbonate reactive rocks.
o Based on the current knowledge, it is not possible to deny that ASR may take a part in the expansive
reaction, considering the potentially reactive components of the insoluble residue of the rock, although no
siliceous gel could be detected.
. ASR should be playing a role in the expansion mechanism of Valcheta dolostone, but it is not easy to
understand why the use of mineral admixtures and lithium-based compounds does not inhibit mortar and
concrete expansion. It is also difficult to explain why the use of a concrete mixture with an alkali content as
low as 1.0 kg Na;Ocq/m? was not effective either.
. The quick chemical screening test did not identify the deleterious alkali reactivity of Valcheta
dolostone as a result of its particular bulk composition.
o MBT (ASTM C 227) and AMBT (ASTM C 1260) give both a wrong indication of the alkali
expansivity of the aggregate.
. CPT proved to be the best method for evaluating the alkali reactivity of this rock.
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TABLE 1. Chemical composition of Valcheta dolostone (VD)
Analyte symbol CaO [ MgO | ALO; [ Fe,O;5] SiO, [ Na,O | K,O [ LOI
VA dolostone (%) | 30.5 [ 20.5 0.6 0.2 32 | 010 | 0.09 | 441

TABLE 2. Mineral admixtures

. Blaine specific Alkali
Mineral -
: Type Origin surface content
admixture ’
(m”/kg) (% NayO,,)
NPZ Natural pozzolan Neuquen, 620 2.07
Argentina
NPM Natural pozzolan Mendo? b 620 na
Argentina
Fly ash (class F according to Buenos Aires,
FA ASTM C 618) Argentina 480 175
GBFS | Granulated blast-furnace slag | Duenos Aires 320 0.97
Argentina
SF Silica fume Norway - 0.15
na: Not available




TABLE 3. Expansion of mortar bars at 38°C (MBT)

Mixture Morttar bar expansion (%o) at:
" Chemical Rock | Size fraction 3 6 1
. m m m
admixture | sample (mm)
1 - a 0.15-48 0.042 0.062 0.069
2 - b 12438 0.082 0.098 0.128
3 1 % LiCl o 0.070 0.096 0.127
TABLE 4. Expansion of mortar bars in 1N NaOH solution at 80°C (AMB
P
Mixture Expansion (%) of mortar bar at:
) ) ) 16 days 28 days
# sfa{r(r)ldic Slze(rir:)tlon agf;?::i@ Control | Test mix| Control | Test mix| Test to control
p ’ mix @ @ | i@ @ ratio (%)
1 01548 30 wt% NPZ 0103 0.141 0128 0.364 +184
2 b ) " |60 wt% GBFS ' 0.110 ‘ 0.210 +64
3 1.2-4.8 |40 wt% FA 0.196 0.325 0.239 0.631 +164
4 04548 10 wt% SF 0.093 0.072 0114 0.113 -1
c .15 - 4. . .
5 30 wt% NPM 0.095 0.223 +96
1) HAC (without mineral admixture); (2) HAC + mineral adpmixcture
(1) ( ); (2)
100
Aggregates considered non-
expansive due to ACR
o
'ﬁ Aggregates considered
= potentially expansive due
9 10 1 to ACR
= [
o
©
(&]
L Valcheta~.
[ dolostone |
\\A % Aggregates considered non-expansive due to ACR
] -
0 1 2 3 4 5 6 7 8 9 10

ALO; (%)

FIGURE 1. Result of CSA A23.2-26A chemical test
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