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ABSTRACT

The correlation between the international criteria to define the reactivity degree in the mortar bar
expansion test and the expansion in concrete prism test (accelerated and traditional methodology) was
analyzed. The three test methods were applied experimentally to 19 aggregates samples used for
concrete in Uruguay. There were aggregates of different reactivity degree, but no consensus was found
in the interpretation by the different techniques. The results are only for the lithologies evaluated and
provided background for a relatively new assay methodology. No correlation was observed between
the expansion of the mortar bar test and the concrete prism-traditional test, but an adequate correlation
was observed between both concrete test method (accelerated and traditional).

Keywords: expansion; durability; alkali-aggregate reaction; tests.

Cite as: Vila, P. E., Bonjour, H. L., Diaz, L. J., Pereyra, M. N. (2023), “Potential alkali reactivity
of aggregates for concrete in Uruguay. Correlation between mortar bar test and concrete prism test
(accelerated and traditional)”, Revista ALCONPAT, 13 (1), pp. 45 - 60, DOL:
https://doi.org/10.21041/ra.v13i1.608

! Departamento de Construccidn, Instituto de Estructuras y Transporte, Facultad de Ingenieria, Universidad de la
Republica, Montevideo, Uruguay.

Contribution of each author

In this work the author P. E. Vila contributed with the original idea (80%), the data analysis and the writing of the work (80%), the author
H. L. Bonjour with the petrographic analysis of all the aggregate samples that made up the study, L. J. Diaz contributed with the
experimental work and processing of the samples, M. N. Pereyra contributed with the original idea (20%), in the writing (20%) and
revised the work..

Creative Commons License
Copyright 2023 by the authors. This work is an Open-Access article published under the terms and conditions of an International Creative
Commons Attribution 4.0 International License (CC BY 4.0).

Discussions and subsequent corrections to the publication

Any dispute, including the replies of the authors, will be published in the third issue of 2023 provided that the information is received
before the closing of the second issue of 2023.

Revista ALCONPAT, Volume 13, Issue 1 (January — April 2023): 45 — 60 45

© 2023 ALCONPAT Internacional


mailto:pvila@fing.edu.uy
https://doi.org/10.21041/ra.v13i1.608
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.es
https://orcid.org/my-orcid?orcid=0000-0001-8902-5180
https://orcid.org/0000-0002-4236-6858
https://orcid.org/0000-0002-3103-0240
https://orcid.org/0000-0003-3733-7902
https://doi.org/10.21041/ra.v13i1.608

Revista ALCONPAT, 13 (1), 2023: 45 — 60

Potencialidad reactiva de agregados para hormigon en Uruguay. Correlaciéon
entre la metodologia de la barra de mortero y el prisma de hormigén
(acelerada y tradicional).

RESUMEN

Se analizo la correlacion entre los criterios internacionales para definir el grado de reactividad en
los ensayos de expansion de la barra de mortero y del prisma de hormigon (metodologia acelerada
y tradicional). Experimentalmente se aplicaron las tres metodologias de ensayo a 19 muestras de
agregados empleados para hormigon en Uruguay. Se tuvieron agregados de variada reactividad,
pero no se encontrd consenso en la interpretacion por las diferentes técnicas. Los resultados son
unicos para las litologias evaluadas y aportaron antecedentes de una metodologia de ensayo
relativamente nueva. No se observo correlacion entre la expansion de la barra de mortero y en
prisma de hormigon-metodologia tradicional, pero si se observé una adecuada correlacion entre
ambas metodologias en hormigon (acelerada y tradicional).

Palabras clave: expansion; durabilidad; reaccion alcali-agregado; ensayos.

Reatividade potencial de agregados para concreto no Uruguai. Correlacéo
entre a metodologia da barra de argamassa e o prisma de concreto (acelerado
e tradicional)

RESUMO

Foi analisada a correlacdo entre os critérios internacionais para definir o grau de reatividade
potencial nos ensaios de expansdo em barras de argamassa e no prisma de concreto (metodologia
acelerada e tradicional). Experimentalmente foram aplicadas as trés metodologias de ensaio a 19
amostras de agregados empregados para concreto no Uruguai. Houve agregados de reatividade
variada, mas ndo houve consenso na interpretacdo pelas diferentes técnicas. Os resultados sdo
Unicos para as litologias avaliadas e forneceram base para uma metodologia de ensaio
relativamente nova. N&o foi observada correlacdo entre a expansao da barra de argamassa € no
prisma de concreto metodologia-tradicional, mas uma correlagdo adequada foi observada entre as
duas metodologias de concreto (acelerado e tradicional).

Palavras-chave: expansao; durabilidade; reacéo alcali-agregado; ensaios.
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1. INTRODUCTION

Portland cement concrete is constituted between 60 and 75% of its volume by aggregates. In the
case of aggregates containing low crystallinity or amorphous silica (such as quartz with reactive
silica, phtanite, chert, chalcedony, tridymite, cristobalite, opal and volcanic glass) together with the
presence of alkalis (sodium and potassium oxide), hydroxyl ions (OH") and moisture, produce a
deleterious chemical reaction in concrete called the alkali-silica reaction (ASR). This reaction, once
triggered, can cause serious problems in concrete structures, mainly in civil infrastructures such as
bridges, pavements, foundations, and dams (Fanijo et al., 2021; Godart et al., 2013; Sims and Poole,
2017).

The main deleterious effect on concrete is due to the expansive nature of the reaction products,
which can lead to edge breaks in joints, differential movement at wall edges, classic crackle crack
mapping of the RAS in pavement slabs or massive elements, longitudinal crack mapping in
columns, pop-outs, discoloration and leaching on surfaces (Fournier et al., 2010; Méndez, 2019).
For the design of a new structure it is important to know the risk of being affected by this pathology
so that the necessary preventive measures are taken to minimize the damage. These measures are
of a prescriptive or performance nature, but the first step is always to know the reactive potential
of the aggregate to be used, which will allow it to be classified by its degree or level of reactivity.
This degree of reactivity, together with the design lifetime, the risk associated with the failure, the
type of element and the environment, determines the level of prevention required to control the
ASR. Prescriptive measures may include limiting the alkali content of the concrete or the use of
supplementary cementitious material (IRAM, 2016; IRAM, 2012; ABNT, 2008; ASTM, 2020;
Nixon and Sims, 2016).

The degree of reactivity is determined using one of the existing standardized laboratory expansion
test methods: accelerated mortar bar test (AMBT) (IRAM, 1997), accelerated concrete prism test
(CPT-60) (IRAM, 2013) or the traditional concrete prism test (CPT-38) (IRAM, 2013).

Uruguay has a great lithological variety, represented by rocks of different nature, age and
geological history (Veroslavsky Barbe et al., 2004a; Veroslavsky Barbe et al., 2004b). These rocks
have been widely used as aggregates in the construction industry, especially granitic rocks,
granodiorites, basalts, and pebbles. Additionally, natural sands of fluvial origin are used. To date,
there is no national regulation that indicates the procedure to evaluate the reactive potential of an
aggregate source. Traditionally, the evaluation of the reactive potential of the aggregate was carried
out only with the mortar bar method (AMBT).

Between 2018 and 2021, an experimental campaign was carried out to evaluate the alkaline
reactivity of aggregate samples belonging to the main sources of aggregates for concrete located in
different areas of the country. The degree of reactivity was evaluated by applying the expansion
test methods mentioned above.

The objective of this work was to analyze the correlation between the international criteria to define
the degree of reactivity that arises from the mortar bar or the concrete prism test (accelerated or
traditional methodology) applied to 19 samples of aggregates belonging to different quarries in
Uruguay.
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2. DEGREE OF ALKALI-SILICA REACTIVITY OF AGGREGATE

International standards define the degree of alkali-silica reactivity of an aggregate by applying one
of the following test methods: expansion in a mortar bar test (AMBT), expansion in a concrete
prism-accelerated test (CPT-60) or expansion in a concrete prism-traditional test (CPT-38). From
the results, the aggregate is classified on a scale from RO to R3, as shown in Table 1 (RO
corresponds to the non-reactive aggregate and R3 very high reactive aggregate) (ASTM, 2020;
ABNT, 2008; IRAM, 2016; Giovambattista et al., 2020).

Table 1. Degree of reactivity of aggregate according to the expansion (E, in %) in the mortar bar
and in concrete methods

Reactivit 14-days 28-days 13-weeks 1-year
De reey Description | expansionin | expansionin | expansionin CPT- | expansion in
g AMBTY AMBT? 60% CPT-38%
RO Non-reactive E<0,10 E<0,19 E<0,04/0,08% <0,04
R1 Mﬁ;‘;‘,ﬁ{?jﬁ'y 0,10<E< 0,30 | 0,19 <E<0,40 | 0,04/0,089<E<0,12 | 0,04<E< 0,12
R2 Highly 0,30<E< 0,45 | 0,40<E< 0,60 0.12<E<024 | 0,12<E<0.24
reactive
Very highly
R3 reactive E=0,45 E>0,60 E>0,24 >0,24

Notes Y: ASTM C1778 and Bases for an Argentine Model Code Cédigo ? NBR 15577; ¥ IRAM 1531,
IRAM 1512 and Bases for an Argentine Model Code; ¥ ASTM C1778, NBR 15577 y Bases for an
Argentine Model Code; ¥: for aggregates whose reactivity is exclusively due to some variety of quartz
(microcrystalline or strained), the limit of 0.08% is adopted.

The AMBT is adopted by all standards to define the degree of reactivity. This methodology usually
adopts an expansion limit of 14 or 28 days. The American and Argentine standards adopt an
expansion limit of 14 days, while the Brazilian regulations adopt an expansion limit of 28 days.
CPT-60 is the accelerated expansion test in concrete prisms and is adopted by Argentine standards.
CPT-38 is the traditional test for concrete prisms and is adopted by all standards. In case of
discrepancy between the different methods, the latter have priority over the rest, since being the
least aggressive, the behavior of the aggregate is the most similar to that of in-service aggregate
(on site).

The AMBT involves the preparation of mortar bars of 25 mm x 25 mm x 285 mm with the
aggregate in the fractions smaller than 4.75 mm and greater than 0.150 mm, in the proportions
indicated in Table 2. The specimens are cured by 24 h at 20 °C and 100 % RH and then immersed
in water for 24 h at 48 h, the initial reading is recorded, and they are immersed in 1 N NaOH
solution at 80 °C for a period of 14 or 28 days. This test methods is also used to evaluate the
pessimum effect and the ability to inhibit the reaction of a reactive mineral addition (ASTM
International, 2020).
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Table 2. Mortar dosage in AMBT method

Particle size of aggregate, % in mass Total
Cement | Water
4,75-2,36, | 2,36-1,18, | 1,18-0,60, | 0,60-0,30, | 0,30-0,15, aggregate (kg) (Kg)
mm mm mm mm mm (kg)
10 25 25 25 15 0,99 0,44 0,207

In the concrete expansion test methods (CPT-60 and CPT-38), prismatic specimens of 75 mm x 75
mm x 285 mm of concrete are produced in the proportions indicated in Table 3. In the accelerated
test method, the prisms are kept at 60 °C and 100 % RH for 13 weeks and in the traditional test
method at 38 °C and 100 % RH for 1 year.

Table 3. Concrete dosage in CPT-60 and CPT-38 methods (kg/m?’)

Particle size of Particle size of fine aggregate Admixtures
coarse aggregate
19- [125.] 95 | 475- ] 236 | L.16- | 060 | Conent | Water NaOH
- ) - 1 - b - ) - ) - b - K k H
125| 95 |475| 236 | 1.18 | 060 | 015 Kg) | (ka) | sikament | (@)
290N (%)
mm mm mm mm mm mm mm
354 | 354 | 354 | 71 | 142 | 142 | 354 420 |1984 | 020% | 5357

Prior to the expansion tests, the petrographic evaluation of the aggregate is carried out to determine
the reactive components (ASTM, 2019).

3. EXPERIMENTAL METHODOLOGY

3.1 Materials

In the evaluation, 19 aggregate samples were used (13 of coarse aggregate, 3 of coarse sand and 3
of fine sand), all considered suitable for concrete (UNIT, 2005) from quarries located in different
areas of the country (Table 4). Additionally, the mineralogical composition and the alkali reactive
components are indicated according to IRAM 1531 (IRAM, 2016) and IRAM 1512 (IRAM, 2012).
The samples from ordinal 1 to 6 were samples of coarse aggregate called “granites”, which
presented microcrystalline quartz and strained quartz (Qz/mc and Qz/t) as reactive components.
Ordinals 7 to 10 were basalt samples and presented altered volcanic glass (\Vg) as a reactive
component (also sample 10 presented opal). Samples 11 and 12 were metadolomite, and sample
12 presented microcrystalline quartz (Qz/mc). Sample 13 was a pebble with the presence of
microcrystalline quartz (Qz/mc) and chalcedony (Ccd) as reactive components. Samples 14 to 19
are fluvial deposit sands with microcrystalline quartz (Qz/mc) as a reactive component (also sample
16 presented chalcedony). In Figure 1, photomicrographs with crossed polarized light of the
samples are shown.
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Table 4. Aggregate samples used in the experimental evaluation.
Ordinal Sample Type Location Geological origin Reactive
id. components
1 PR48 |Coarse| Las Piedras, Canelones Granito La Paz Qz/mc
2 CM | Coarse | Cno. Carrasco, Montevideo Granodiorita Cafiada de Qz/mc
las Canteras
3 MA | Coarse Mal Abrigo, San José Granito Mal Abrigo Qz/mc
4 LC |Coarse| San Carlos, Maldonado Granito Aigua Qz/mcy Qz/t
5 PS Coarse Soca, Canelones Granito Soca Qz/mcy Qz/t
Franja Granito-Gnéisica
6 DA | Coarse Durazno, Durazno Terreno Piedra Alta Qz/mcy Qz/t
7 PD | Coarse Ruta 5 Km 480, Basalto Arapey W
Tacuarembo
8 PB1 | Coarse Centenario, Durazno Basalto Arapey Vv
9 PB2 | Coarse Centenario, Durazno Basalto Arapey Vv
10 BN | Coarse Paso de los Tqros, Basalto Arapey Vv and Op
Tacuarembo
Metadolomia —
11 CNC1 | Coarse | Pan de Azucar, Maldonado | Complejo Zanja del Qz
Tigre
Metadolomia —
12 CNC2 | Coarse | Pan de Azucar, Maldonado Complejo Zanja del Qz/mc
Tigre
13 CRS |Coarse Salto, Salto Canto Rodado Salto | Qz/mcy Ccd
. Depdsito actual —
14 AGP Coarse Aguas Corrientes, Sedimento Rio Santa Qz/mc
Sand Canelones. .
Lucia
15 AGPP Coarse Paso Pache, Canelones. Sedimento B'O Santa Qz/mc
Sand Lucia
16 AGRN Coarse Centenario, Durazno Deposno,actual fluvial - Qz/mcy Ccd
Sand Rio Negro
17 AFT 'S:;?]Z Delta del Tigre, San José Formacion Chuy Qz/mc
Fine . Depdsito actual- Dunas
18 AFJ Sand Jaureguiberry, Canelones Costeras Qz/mc
19 AFRN Fine Centenario, Durazno Deposno,actual fluvial - Qz/mc
Sand Rio Negro

Qz/mc: microcrystalline quartz. Qz/t: strained quartz. Vv: volcanic glass. Ccd: chalcedony. Op: opal

[ 50 |
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A e BES

Abbreviations:
Qz: quartz

Qz mc: microcrystalline quartz
Fk: potassium feldspar

Pg: plagioclase

Px: pyroxene

Ccd: chalcedony

Dol/Cal: dolomite/calcite

Op: opal

P ‘iv
" X

Figure 1. PhotomAicroraphs with crossed polarized light of the samples

The cement used for the mortars and concretes is a Portland cement containing only clinker as the
main component, without mineral additions and for general use in concrete (Table 5), identified as
CPN 40 according to UNIT 20.(UNIT, 2017).
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Table 5. Characterization of Portland cement CPN 40

. Al,O3 Fe,O3 Na,O K>0O Na,O+0,658K-,0
[0) [0) 0] ! [0)
CaO (%) | SiO (%) (%) (%) SO3 (%) (%) (%) (%) CsA (%)
62,99 19,93 4,42 2,76 3,06 0,34 1,23 1,15 6,5
Retained .. | Initial
Inso_luble Calcination | at sieve | Blaine Autoclz_ive Spe_C|f|c setting Final setting Strength
residue loss (%) 75um | (m/kg) expansion Welght3 time time (h:min) at 28 days
[0) 0] -
(%) (%) (%) (kg/dm?) | (i (MPa)
0,11 2,46 3,1 356 | No record 3,15 1:56 2:56 46,6

Mortars and concretes were manufactured using the standard IRAM 1674 (IRAM, 1997) and
IRAM 1700 (IRAM, 2013) procedures, respectively. The proportions are shown in Tables 2 and 3.

3.2 Methodology

Three expansion test methods were applied (AMBT, CPT-60 and CPT-38). In the AMBT test, the
length of the mortar bars was recorded at 0 days (initial length, prior to immersion in the 1 N NaOH
solution at 80 °C), 14 days, and 28 days after immersion. In the accelerated concrete prism test,
(CPT-60), the length was recorded initially at 0 days (prior to conditioning at 60 °C and 100% RH)
and at 13 weeks. Finally, in the concrete prism, traditional test method (CPT-38), the length was
recorded initially at O days (prior to conditioning at 38 °C and 100 % RH) and at 52 weeks. For
each test method, the expansion E(ti) of each of the bars was determined according to (1):

E(ti) = 100 * (Ly; — Lyo)/Ln 1)

Where:

E (ti): expansion to test age t;

ti: test age, expressed in days for the AMBT and in weeks for the CPT-60 and CPT-38 test methods.
Ls: bar length between pins at age ti, in mm

Lto: bar length between pins at time 0, in mm

Ln: effective bar expansion length, in mm

The expansion at age ti per aggregate sample was obtained as the mean expansion of three bars of
the same mortar tested simultaneously, previously calculating the coefficient of variation per
sample to verify the precision between bars according to ASTM C1260 (ASTM, 2014) for the
AMBT and according to IRAM 1700 (IRAM, 2013) for concrete prisms.

After calculating the expansion and adopting the limits of Table 1, the degree of reactivity for each
sample was determined, and the correlation between the results by applying the three test methods
was analyzed. Each sub-sample of aggregate included to evaluate the expansion at three test
methods was extracted from the same sample by quartering and fractionation.
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4. RESULTS AND DISCUSSION

4.1 Degree of reactivity according to the applied test method

Table 5 shows the reactivity degree of the aggregates according to the expansion in the mortar bars
(AMBT) at 14 and 28 days, the expansion in concrete prisms, accelerated test (CPT-60) at 13 weeks
and expansion in concrete prisms, traditional test (CPT-38) at 52 weeks (1 year).

In the samples of coarse “granite” aggregate (sample ordinal from 1 to 6) in the AMBT, mortars 1,
2, 3 and 6 presented an expansion at 14 days of less than 0.10% and at 28 days of less than 0.19%.
Therefore, under this test method, these samples are classified as having a degree of reactivity RO
(non-reactive). Granites 4 and 5 exceeded the limit of 0.10% at 14 days, both being classified with
the degree of reactivity R1 for this age. However, adopting the expansion at 28 days, sample 4
would be classified as non-reactive (RO) and sample 5 as R1. In the concrete methods CPT-60 and
CPT-38, sample 1 presented an expansion of less than 0.08% and 0.04% (limits of both methods,
respectively) and was classified as RO (non-reactive) applying these methods. The concrete
prepared with sample 2 and that prepared with sample 6 presented an expansion above the limit,
being classified as R1. The concrete with sample 3 presented the highest expansion of all and was
classified with a degree of reactivity R2 in CPT-60 and with R1 in CPT-38.

In the basalt samples (sample ordinal from 7 to 10), according to the AMBT method, the expansion
at 14 and 28 days classified sample 7 as R1, sample 8 as R3 and R2 (14 and 28, respectively) and
samples 9 and 10 as R3. In the last two, expansions that exceeded 1% at 14 days were obtained.
However, in the concrete evaluation, basalt samples 7, 8 and 9 were classified as non-reactive (R0),
and sample 10 was classified as R1.

In the metadolomite samples (11 and 12), all the evaluation methods classify sample 11 as non-
reactive (RO) and sample 12 as R1. The pebble (sample 13) was classified as R1 by all methods.
In the sands, samples 14 and 15 presented the same behavior, in the AMBT and in CTP-38, both
were classified with reactivity degree R1 and by CPT-60 as non-reactive (R0). Both samples came
from sediments the Santa Lucia river, although they were extracted from different areas.

The sand samples 16 and 19 presented a very similar behavior in the expansion, being classified
with reactivity degree R1, except in the expansion at 28 days in AMBT of the sample 16, which
was slightly less than 0.19% what classifies it as non-reactive. Both samples were from the same
origin (Rio Negro sediments).

Samples 17 and 18 were classified as non-reactive (R0) except for CPT-38 in sample 17 which
exceeded the expansion of 0.04 % (at 52 weeks) and was classified as R1.

Adopting the CPT-38 test method as the most reliable and considering the non-coincident results
obtained according to the other methods (“no” cells of Table 6), it is observed that erroneous
interpretations known as false-positives and false-negatives are reached. False-positives are
identified as reactive by the method used, while the expansion in CPT-38 is less than 0.04% (which
is associated with a non-deleterious in-service behavior). False-negatives, on the other hand, are
aggregates of negligible expansion due to the test method used but which present an expansion
greater than 0.04% in the CPT-38 (associated with deleterious in-service behavior).
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Table 6. Expansion and reactivity degree according to the test methods.

Sample Reactivity degree Matches with CPT-38?
i AMBT | AMBT AMBT - | AMBT - | CPT-

Ordinal Id. -14d 284 CPT-60 | CPT-38 144 284 60
1 PR48 RO RO RO RO yes yes yes

2 CM RO RO R1 R1 no no si

3 MA RO RO R2 R1 no no no

4 LC R1 RO RO R1 yes no no

5 PS R1 R1 RO R1 yes yes no

6 DA RO RO R1 R1 no no yes

7 PD R1 R1 RO RO no no yes

8 PB1 R3 R2 RO RO no no yes

9 PB2 R3 R3 RO RO no no yes

10 BN R3 R3 R1 R1 no no yes
11 CNC1 RO RO RO RO yes yes yes
12 CNC2 R1 R1 R1 R1 yes yes yes
13 CRS R1 R1 R1 R1 yes yes yes
14 AGP R1 R1 RO R1 yes yes no
15 AGPP R1 R1 RO R1 yes yes no
16 AGRN R1 RO R1 R1 yes no Si
17 AFT RO RO RO R1 no no no
18 AFJ RO RO RO RO yes yes yes
19 AFRN R1 R1 R1 R1 yes yes yes
RO: green color. R1: orange color. 'I);g;al 11 9 13
CR;IZO{ R3: pink color. “yes”: green color. “no”: pink Total "no™ 8 10 6

Analyzing the results that did not match with those obtained in the CPT-38, in the AMBT at 14
days, eight samples yielded erroneous results (42% of the samples), and considering the expansion
at 28 days, ten results were erroneous (53%). In the coarse aggregates, the false-negatives of this
method belonged to the granite samples (CM, MA, LC, DA) that presented microcrystalline quartz
(Qz/mc) as a reactive component. In the sand samples, it was in AGRN where a false-negative was
observed (with Qz/m as a reactive component). Regarding the false-positives of the AMBT, they
were in four basalt samples of the five samples tested. Both false-positives and false-negatives of
this test method have been reported in the literature (Madsen et al., 2018; Torres, 2014; Garber et
al., 2005).

In the expansion in the concrete prism, accelerated test method CPT-60, six samples yielded results
that did not match with the traditional test method (32% of the samples). Five correspond to false-
negatives, two in coarse granite aggregate (LC and LS) and three in sands (AGP, AGPP and AFT).
All these samples presented microcrystalline quartz (Qz/mc) and strained quartz (Qz/s) as reactive
constituents; for these, the limit of 0.08% should be adopted instead of 0.04% (Table 1).

If the limit of 0.04% was considered instead of 0.08%, there would be three non-coincident results,
samples PR48, MA and AFJ (PR48 and AFJ, both exceeded the limit of 0.04% in CPT-60 but not
in CPT-38).
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4.2 Correlation between expansion results

In Figure 2, the expansion in the AMBT was plotted at 14 and 28 days of testing vs. the expansion
in CPT-38, which allowed us to observe the weak correlation between both test methods. Both the
points close the abscissa axis and the points close the ordinate axis show results that deviate from
the correlation. The first ones are due to granite samples (with Qz/mc and Qz/t as reactive
components) and the latter to basalt samples (with the presence of Vv). The results in basalts
reported by Madsen et al. (2018) were included, observing that two of the three samples presented
weak correlation (points close to the ordinate axis).

ASTM C 1778 standard (ASTM, 2020) defines a zone on the chart for reactive aggregates where
there is good correlation between both tests. Among the reactive aggregates, only three remained
in the zone of good correlation (AGRN, AFRN, CNC), and only three aggregates were classified
as non-reactive by both methods (AFJ, PR48 and CNC1).

Therefore, the mortar bar test method (AMBT) resulted in low reliability to evaluate the potential
reactivity of the aggregate, although it is considered adequate to evaluate the uniformity of an
aggregate quarry or to evaluate the ability to inhibit the reaction of a preventive measure taken
(ASTM, 2020).
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Figure 2. Expansion at 14 and 28 days in AMBT vs. expansion at 52 weeks in CPT-38.

Potential alkali reactivity of aggregates for concrete in Uruguay. Correlation
between mortar bar test and concrete prism test (accelerated and traditional)

Vila, P. E., Bonjour, H. L., Diaz, L. J., Pereyra, M. N.



Revista ALCONPAT, 13 (1), 2023: 45 — 60

In Figure 3, the expansion of the CPT-60 accelerated test method vs. the expansion using the
traditional CPT-38 test method was plotted, including all the samples evaluated. An adequate
correlation between the two was obtained (R? = 0.78). The number of samples per type of aggregate
was limited, so it was not possible to make a correlation line for each type. The data reported in the
literature grouped by reactive constituents (Qz/mc, Qz/t, Vv and others) were added to the same
graph.

The aggregates with the presence of volcanic glass (Vv) (identified as basalts) presented an
adequate correlation both in own and in the literature data (Madsen et al. 2018 y Falcone et al.
2012).

Falcone et al. (2012) showed that the aggregates with the presence of Qz/mc and Qz/t were grouped
closer to the ordinate axis (points in black outline, unfilled), and therefore, they recommended a
limit of 0.08% for aggregates with these reactive constituents in the CPT-60 methodology (Table
1). However, our own results did not show a similar trend for this type of aggregate.
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Figure 3. Expansion at 13 weeks in CPT-60 vs. expansion at 52 weeks in CPT-38.
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The CPT-60 method is relatively new, with limited evidence of correlation with the rest of the
methods and of correlation with the be havior of the in-service aggregate. A greater number of
studies should be available to analyze whether the limit of 0.08 % in the CPT-60 at 13 weeks for
aggregates with the presence of microcrystalline or strained quartz is correlated with the limit of
0.04 % in the CPT-38 at 52 weeks. In this sense, there is another method of analysis proposed by
RILEM (Nixon and Sims, 2016). In this analysis, by applying the mathematical model known as
the Kolmogorov-Avrami-Mehl-Johnson model (abbreviated KAMJ model), the kinetic parameters
of the reaction (In (k) and M) specific to the material under study and to the expansion methodology
used are obtained. These parameters are linked to the expansion limits of Table 1, and the reactivity
of the sample is obtained (Gowripalan and Sirivivatnanon, 2017; Mangialardi, 2002; Vila et al.,
2020; Johnston and Fournier, 2000).

5. CONCLUSIONS

Applying the expansion test method in mortar bars (AMBT) and in concrete prisms (CPT-60 and
CPT-38) in 19 samples of aggregates of different rocks used to produce concrete in Uruguay and
adopting the limits to define the grade of reactivity existing in international standards, the following
can be concluded:

- Considering the expansion at 14 days in the AMBT, eight samples (42%) did not result in the
same degree of reactivity as in the traditional concrete prism method CPT-38 (52 weeks of
testing). Adopting the expansion at 28 days, ten results did not match (53% of the samples).
Among these were granite samples (with the presence of Qz/mc and Qz/t) and basalt samples
(with the presence of VVv). Therefore, although the mortar bar method is the most recognized
to evaluate the potential reactivity of the aggregate, important limitations of its use for this
purpose were observed.

- Considering the expansion in CPT-60, six samples yielded results that did not match with the
traditional method (32% of the samples). All these samples presented microcrystalline quartz
(Qz/m) and strained quartz (Qz/t). A good correlation was observed between the expansion
obtained by both methods in concrete. However, a greater amount of data should be available
to analyze whether the limit of 0.08 % in CPT-60 at 13 weeks for aggregates with the presence
of microcrystalline or strained quartz is correlated with the limit of 0.04 % in CPT-38 at 52
weeks.

- Given the correlation between the expansion of both concrete prism test method and the
evaluation time required in each case (13 weeks vs. 52 weeks), the use of the accelerated
methodology in concrete is suggested to define the degree of reactivity of the aggregate.
However, considering the facts mentioned above, the expansion limit in the aggregates with
the presence of reactive quartz should be deepened to reduce the erroneous results of this
method.

The conclusions apply to the Uruguayan materials used in this work. Therefore, its extrapolation

to other conditions must be carefully analyzed.
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