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Abstract. The article presents the results of research work of
potential alkaline reactivity of limestone aggregates. Potential
alkaline reactivity tests were performed for the alkali-carbonate
reaction (ACR) according to GDDKIiA Procedure No. PB/2/18
(with permitted modifications for carbonate aggregates). However,
in petrographic tests according to the guidelines contained in
GDDKIA Procedure No. PB/3/18, attempts were made to include
the possibility of two types of alkaline reactions, alkali-carbonates
(ACR) and alkali-silica (ASR). The tests were carried out for three
selected limestone aggregates in order to assess the possibility of
their use in concrete. Based on the positive test results, the
possibility of using these aggregates for concrete was confirmed.
Keywords: limestone aggregate; alkaline reactivity; petrography.

Streszczenie. W artykule zaprezentowano wyniki pracy badaw-
czej dotyczacej zjawiska potencjalnej reaktywnosci alkalicznej kru-
szyw wapiennych. Badania wykonano pod katem reakcji alkalia-
-weglany (ACR) wg Procedury GDDKIiA nr PB/2/18 (z dopuszczo-
ng modyfikacja w przypadku kruszyw weglanowych). Natomiast
w badaniach petrograficznych wg wytycznych zawartych w Proce-
durze GDDKIiA nr PB/3/18 starano si¢ przeanalizowa¢ mozliwos¢
wystapienia dwoch rodzajow reakcji alkalicznej, tj. alkalia-wegla-
ny (ACR) i alkalia-krzemionka (ASR). Badano trzy wybrane kru-
szywa wapienne w celu oceny mozliwosci ich stosowania do beto-
nu. Na podstawie uzyskanych pozytywnych wynikow badan po-
twierdzono mozliwos¢ stosowania tych kruszyw do betonow.

Stowa kluczowe: kruszywo wapienne; reaktywnos$¢ alkaliczna;

wing to their favorable physi-

co-mechanical properties and

durability, carbonate aggrega-

te (including limestone) is
used in the production of concretes whose
functional properties do not yield to
concretes made from other aggregates
[1]. Due to the potential contamination
of the aggregate with clay minerals, va-
rious forms of silica, and a certain de-
gree of dolomitization, they are exposed
to unfavourable alkali-silica (ASR) and
alkali-carbonate reactions (ACR) [1].
These processes, referred to as alkali-
-aggregate reactivity (AAR) processes,
occur between potentially reactive mi-
nerals (including chalcedony, opal, tri-
dymite, microcrystalline quartz, quartz
in a state of ,,highly strained quartz”)
and alkalis present in the cementitious
mixtures. They are dangerous due to,
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petrografia.

among others, slow and prolonged dete-
rioration of concrete structures [2, 3].
Tests on the alkali reactivity regarding
the occurrence of potential alkali-carbo-
nate reaction (ACR) have been conduc-
ted, while petrographic examination has
analysed the possibility of occurrence
of both types of reactions: alkali-carbo-
nate reactivity (ACR) and alkali-silica
reactivity (ASR).

Methods for the examination
of the alkali reactivity
of aggregates

Currently, methods for the examina-
tion of the alkali reactivity of aggrega-
tes in Poland are mostly based on ASTM
standards and RILEM guidelines inclu-
ded in the Research Procedures of the
General Directorate for National Roads
and Motorways (Generalna Dyrekcja
Drog Krajowych i Autostrad, (GDDKiA):

e PB/1/18 [4],,Procedure for the exa-
mination of aggregate reactivity by the
accelerated method in a 1 M NaOH
solution at 80°C.” The method involves

producing three concrete beams with
dimensions of 25 x 25 x 250 mm and
storing them in a 1 mol NaOH solution
at a temperature of 80°C for 14 days.
The average length increase of the sam-
ples is then calculated, and the aggrega-
te is classified into the appropriate cate-
gory RO to R3. This method is exclusi-
ve for the alkali-silica reaction;

e PB/2/18 [5],,Procedure for the exa-
mination of aggregate reactivity at 38°C
according to ASTM C1293/RILEMA-
AR-3.” The method involves producing
three concrete beams with dimensions
of 75 x 75 x 250 mm and storing them in
a chamber at a temperature of 38 + 2°C
for 365 days. The evaluation of aggrega-
te reactivity is based on the average
length change of the samples, and the ag-
gregate is assigned the category RO to R3.
This procedure has been modified com-
pared to the original ASTM C 1293-20a
method [6] and allows for the examina-
tion of the susceptibility of carbonate
aggregates to alkali-carbonate reaction.
PB/2/18 specifies that a change in the
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length of the carbonate aggregate sam-
ple by at least 0.03% indicates suscep-
tibility to alkali-carbonate reaction.

The diagnosis of the susceptibility of
aggregates to alkali reactivity also inc-
ludes a petrographic description (ma-
croscopic and microscopic) which inc-
ludes e.g., identification of rocks and
potentially reactive constituents, as well
as recognition of alkali-silica or alkali-
-carbonate reaction products. In Poland,
the method according to PN-EN 932-3
[7]is currently used for petrographic ana-
lyses of aggregates. Additionally, GDDKiA
has introduced an examination procedure
outlined in the ,,Recommendations for Pe-
trographic Analysis of Aggregates accor-
ding to the Examination Procedure GDD-
KiA PB/3/18 [8],” which aims at determi-
ning potential occurrence of alkali-carbona-
te reactivity (ACR), among others [3].

Examination Subject,
Scope, and Purpose

The subject of the examination was
the petrographic analysis of limestone
aggregates, representing the initial sta-
ge in assessing their suitability for use in
transportation construction. The suscep-
tibility of limestone aggregates to reac-
tion with alkalis present in concrete
(ACR) was evaluated.

The examination scope included the
following:

m selection of limestone aggregates
for petrographic analysis;

® macroscopic petrographic exami-
nation of limestone aggregates;

m microscopic petrographic examination
of thin sections of limestone aggregates;

m determination of the phase compo-
sition of limestone aggregates using
X-ray diffraction (XRD);

m thermal analysis of limestone ag-
gregates;

m determination of chemical compo-
sition of limestone aggregates;

m petrographic description regarding
the occurrence of alkali reactivity (AAR
— ACR) based on thin sections derived
from concrete beams.

For the examination according to the
GDDKIiA Examination Procedure No.
PB/2/18 [5] and PB/3/18 [8], three types
of limestone aggregates from different
deposits in Poland were selected for the
analysis and labelled as A, B, and C.

Petrographic examination
methods

All the examined samples of limesto-
ne aggregate underwent macroscopic
analysis according to PN-EN 932-3:2022
[7]. Based on this, representative sam-
ples were selected for further microsco-
pic studies, X-ray diffraction analysis,
thermal analysis, and chemical composi-
tion determination. Microscopic exami-
nations of thin sections in reflected and
transmitted light from beams after alkali
reactivity tests were also conducted fol-
lowing the GDDKiA Examination Proce-
dure No. PB/2/18 [5].

For the selected representative sample
of limestone aggregate, microscopic pre-
parations (thin sections for transmitted
light) were made at the grinding facility
of the Institute of Geological Sciences,
University of Wroctaw. The examina-
tions were carried out using a Leica
DM 750 P polarizing microscope.

To obtain an accurate characteriza-
tion of the phase composition of the in-
vestigated limestone aggregate, po-
wder X-ray diffraction (XRD) analysis
was performed using a Bruker D8
Advanced diffractometer operating in
Bragg — Brentano geometry at the Insti-
tute of Geological Sciences, University
of Wroctaw.

In order to determine the mineralogi-
cal composition of limestone aggregates,
a thermal analysis was conducted using
a Perkin Elmer STA 6000 thermal analy-
ser at the Institute of Geological Scien-
ces, University of Wroctaw. The chemi-
cal composition of carbonate aggregates
was determined using X-ray fluorescen-
ce (XRF) analysis in the Soil Science La-
boratory of the Department of Physical
Geography, University of Wroctaw.

Thin sections for microscopic exami-
nations in reflected and transmitted light
were prepared from selected samples
from concrete beams after alkali reacti-
vity tests following the GDDKIiA Exa-
mination Procedure No. PB/2/18 [5].
The examinations of thin sections in re-
flected and transmitted light were car-
ried out using a Leica DM 750 P polari-
zing microscope.

Additionally, a petrographic descrip-
tion analysis regarding the potential
occurrence of alkali reactivity (AAR
— ACR) was conducted.
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The Results (Report)

The results of microscopic petrogra-
phic description on thin sections for re-
flected and transmitted light according
to ASTM C295/RILEMAAR-1.1 [9, 10]
are presented in Table 1. Based on the
determination of the phase composition
(XRD) in samples A, B, C, the presen-
ce of reflections from a single mineral
phase was observed: calcite (CaCO,),
with 2Th values ranged from 0.105
to 0.149. An exemplary X-ray diffrac-
tion (XRD) phase diagram of sample
A is presented in Figure 1.

As a result of thermal analysis, the
amount of CaCO, calculated based on
the mass loss of sample A caused by the
thermal dissociation of rhombohedral
carbonates is approximately 97% by
weight, for sample B — 98% by weight,
and for sample C — 98.5% by weight.
The thermogram illustrating the thermal
analysis curve of sample A is shown in
Figure 2.

The results of the determination of
the percentage composition of chemi-
cal compounds in samples A, B, C
subjected to geochemical analysis are
presented in Table 2. Based on macro-
scopic analysis, microscopic analysis
of thin sections in a polarizing micro-
scope, determination of the phase
composition using X-ray diffraction
(XRD), and thermal analysis of car-
bonate aggregates labelled as A, B, C,
it was concluded that they represent
sedimentary carbonate rock, and their
structure, texture, colour, and petro-
graphic composition may indicate li-
mestone.

In literature, guidelines, and stan-
dards, limestone is classified as
arock that may contain potentially reac-
tive minerals in an amount that could
influence the occurrence of the AAR
process [3, 11]. According to the GDDKiA
Examination Procedure PB/3/18 [8],
if limestone with a CaCO, content
> 95% does not show presence of poten-
tially reactive components such as reac-
tive forms of silica and clay minerals or
specific texture, and if SiO, < 3.0%,
MgO < 1.0% (< 5% dolomite), and
AlO, < 1.2%, then the aggregate is not
susceptible to ACR. Microscopic analy-
sis conducted on thin sections of lime-
stone aggregate A revealed the presen-
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Table 1. Microscopic petrographic description based on ASTM C295/RILEM AAR-1.1 [9, 10]
Tabela 1. Mikroskopowy opis petrograficzny wg ASTM C295/RILEM AAR-1.1 [9, 10]

Sam-
ple

xenomorphic, occasionally hypautomorphic crystals of spar were observed, with sizes up to 0.8 mm, having a sinu-
soidal and amoeboidal shape. Additionally, there are grains of carbonate occurring between them, slightly turbid with
a light brown tint, lacking distinct cleavage or twinning, forming micrite. Some spar crystals exhibit rhombohedral

Microscopis descritpion

cleavage and polysynthetic twinning. The following features are visible:

— circular structures, likely peloids or ooids;

— biogenic structures formed from organic substance;

spar or between them;

— non-transparent minerals, with sizes up to 0.1 mm, forming inclusions in the main minerals or occurring

in the interstices between them.

— stylolites (rusty-gold veins) formed due to the dissolution of clay minerals and minerals containing iron

— vein structures, with small thickness, filled with microcrystalline carbonates, intersecting both spar and micrite;
— xenomorphic grains of silica minerals (likely chalcedony, microcrystalline quartz), with sizes up to 0.3 mm,
and hypautomorphic grains of muscovite. Grains of silica minerals and muscovite occur as inclusions shaped like

compounds. They traverse both grains and carbonate crystals, filling microcracks and interstices

visible are xenomorphic, occasionally hypautomorphic crystals of spar with a simple, jagged, sinusoidal, and
amoeboidal contact, sized up to 0.3 mm. Grains of carbonates occurring between them form micrite, distinctly
turbid, with a light brown tint, lacking good cleavage or polysynthetic twinning. Spar crystals, occasionally,

B exhibit polysynthetic twinning.

Additionally, the following features were observed:

— circular structures, likely peloids or ooids,

— vein structures intersecting spar and micrite, with slight thickness, filled with microcrystalline carbonates

large rock fractures are visible, xenomorphic, sporadically hypautomorphic crystals of spar, with sizes up to
0.6 mm, embedded in carbonate grains forming micrite. The microspar has a light brown to light gray tint,

and biogenic structures formed from organic substances;

lacking cleavage or polysynthetic twinning. Additionally, the following features were observed:
C  —biogenic structures formed from organic substances;
— vein structures with slight thickness, filled with microcrystalline carbonates and spar;

— non-transparent minerals with sizes up to 0.1 mm, forming inclusions in the main minerals or occurring

in the interstices between them. Some non-transparent minerals show signs of weathering
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is also favoured by the
characteristic texture of
the aggregate: the presen-
ce of rhombohedral dolo-
mite crystals sized 20
to 50 pm, in a fine-gra-
ined matrix composed of
microcrystalline calcite
and clay minerals.

The presence of sty-

Fig. 1. Mineral phase diagram of the sample with symbol A
Rys. 1. Wykres fazy mineralnej probki o symbolu A

ce of grains of silica minerals (likely
chalcedony, microcrystalline quartz) be-
longing to potentially reactive minerals
(according to AAR-1, Table A. 1.3 [11]
and Table Z3.2. [3]), but due to their
small quantity, reflections of these pha-
ses were not observed in the X-ray dif-
fraction (XRD) analysis.

T >
70

lolite, likely formed
Angle [°2 Theta]

through the dissolution
of clay minerals and mi-
nerals containing iron
compounds, may indicate the presence
of some amount of clay minerals. In the
examined sample of aggregates B
and C, no potentially reactive compo-
nents such as forms of silica and clay
minerals were identified, and the con-
tent of basic oxides was not exceeded.
The results of the petrographic descrip-

Image under the microscope, transmitted
light with the analyser, surface 4x/0.10

pelloidy/ooidy struktura zytowa wy-
oraz struktury petniona mikrokrys-
biologiczne

talicznym sparytem

mineraty
nieprzezroczyste

sparyt weglanowy

tion analysis regarding AAR are sum-
marized in Table 3.

In light of the results of the petrogra-
phic description analysis for AAR, line-
ar changes in concrete beams were inve-
stigated according to PB/2/18 [5], and
microscopic examinations on thin sec-
tions in reflected and transmitted light of
beam slices after alkali reactivity tests
were conducted to determine the suscep-
tibility of the examined limestone aggre-
gate samples to ACR. Based on the re-
sults of alkali reactivity tests according
to the GDDKiA Examination Proce-
dure PB/2/18 5], it was determined that
none of the selected limestone aggrega-
tes are reactive, as the linear changes did
not exceed the permissible ones of 0.03%
(Figure 3).

In the microscopic image on thin sec-
tions in reflected and transmitted light,
no disturbing phenomena suggesting
ongoing ACR processes were observed,
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Fig. 2. Thermal analysis curves (thermogram) of sample with symbol A
Rys. 2. Krzywe analizy termicznej (termogram) probki A

Table 2. Oxide contents
Tabela 2. Zawartosé tlenkow

Characte- Contribution [%]
ristic sample A sample B sample C
Sio, 0,496 0,275 <0,1
Ca0 54,880 55,120 55,234
MgO 0,551 0,394 0,404
Fe,0, 0,063 0,069 0,082
ALO, 0,127 0,175 0,042
K,0 0,014 0,012 <0,01
TiO, 0,006 0,009 0,003
Na,0 <0,01 <0,01 <0,01
IP(0) 0,009 0,026 0,016
SO, 0,035 0,042 0,038
MnO, 0,011 0,017 0,010

fgﬂﬂﬁfﬁ: B0 43850 44,150

including halos around grains filled with
gel substance or micro-cracks filled with
gel substance in the case of any of the te-
sted samples.

Summary and conclusions

Petrographic examinations of sample
A limestone aggregate revealed the
presence of components and other
characteristics that could influence the
ACR process in concrete.

gregate samples to processes occurring
between carbonates and alkalis present
in concrete (ACR), thus, they confirmed
their suitability for use in concrete.
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