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A b s t r a c t

or both reactions occurrences. The preliminary study of the rock is an obligatory procedure before the application in 

a concrete structure. 

carbonate reactivity of dolomite rock. With this approach, several methodologies in the ASR and ACR investigations and 

a detailed mineralogical analysis of the mentioned rocks are showed and the tested results discussed. 

content of SiO
2
.

Keywords: alkali-aggregate reaction (AAR), ACR

1. Introduction

Alkali-aggregate reaction (AAR) can occur in 

concrete in some conditions causing damage due 

aggregate reaction is a chemical process in which some 

components of the aggregate react with dissolved 

is divided into three types: alkali-silica reaction (ASR), 

alkali-silicate reaction and alkali-carbonate reaction 

(ACR), depending on the mineralogy of the rock. ASR 

is related mainly to opal, trydimite, crystobalite and 

compared to ASR, involves strained quartz and some 

is ACR is attributed to the presence of dolomite from 

The mechanism of alkali-carbonate reaction is still 

unclear. It is agreed that there are three key elements 

causing the alkali-reaction of carbonate aggregate: 

crystal grains of dolomite distributed in the 

the dimension of the crystal grains, they are 

rhombohedron idiomorphic crystal of dolomite, 

INVESTIGATION OF ALKALI-AGGREGATE  

REACTION IN CARBONATE ROCKS

higher alkali reactivity the less the dimension. If 

the dimensions of the crystal grains are bigger than 

the content of clay, which made the continuous 

For the mechanism of alkali-carbonate reaction 

in carbonate aggregate, three hypotheses have been 

the concrete. That causes dedolomitization and the 

absorption by dry clay. It was proposed by Swenson and 

result of dedolomitization, and provided the alleyway 

absorbs the water and forms the electrical double layer 

structure. The water absorption by dry clay causes 

caused by the alkali-carbonate reaction. The third is 

the synthetical action. This mechanism was proposed 

was caused by topochemical reaction resulting from 
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the entry of K+, Na+, and OH- into the restricted space. 

the pressure of crystallization of brucite and calcite, 

and the osmotic pressure caused by difference ion 

concentration from the liquid after reaction to the 

pore space in hardened cement. However, these views 

are contradictory and more research is still necessary.

2. Materials and methods

2.1. Materials

The dolomite aggregate of 2/16 mm fraction and 

The physico-mechanical properties of the aggregate 

are presented in Table 1. Table 2 presents the chemical 

composition of cement.

Table 1. Physico-mechanical properties of the dolomite 

aggregate

Test Results Method

Determination of the 

resistance to wear – micro  

DE

9.70 PN-EN 1097–1: 2000; A1: 2004

Determination of the 

resistance to fragmentation  19 PN-EN 1097–2: 2000; A1: 2008

3 1.46 PN-EN 1097– 3: 2000

3 2.84

PN-EN 1097–6: 2002; A1: 2006

3 2.77

Particle density on  

a saturated and surface 
3

2.80

0.87

0.06 PN-EN 1744 – 1: 2000 p. 11

Table 2. The chemical composition of Portland cement 

L.O.I. SiO
2

Fe
2
O

3
Al

2
O

3
TiO

2
CaO SO

3
Na

2
O K

2
O Na

2
O

eq

2.45 21.50 4.00 4.25 0.07 63.5 0.60 2.45 0.28 0.55 0.65

2.2. Methods for rock assessment

The investigation methods were selected with 

the aim to verify the behaviour of carbonate rocks 

used as aggregate, as well as their reactions with the 

cement paste. The rocks were assessed in their natural 

state. They were investigated with several methods, 

described as follows.

characterization of the selected carbonate rock were 

evaluated through petrographic, mineralogical, 

diffractometric and chemical analyses. 

[2] standard, the petrographic analysis was conducted 

in accordance with the conventional techniques of 

composition characteristics of the rock. Microscopic 

petrographic analyses were performed using the 

transmitted light optic microscope. The aim was to 

classify the rock and estimate its mineralogy, mostly in 

what refers to carbonates and silicates. In this method, 

therefore, three impregnated thin sections were prepared.

aggregate rock was done through X-ray diffraction 

(XRD). This analysis was considered very useful 

as a complementary evaluation to the petrographic 

sample). 

The chemical analysis was performed according 

this analysis was to quantify the chemical elements in 

the aggregate. Also, to correlate them to the potential 

reactivity of the rock, according to the chemical 

For the investigation of ASR on carbonate rock, the 

accelerated mortar bar test according to the ASTM C 

– 1260 standard [6] was used. It was done by casting 

80o

alkaline equivalent (Na
2
O

eq

total (acid soluble) alkalis, respectively. 

3. Results

The tests involved dolomite aggregate. In 

macroscopic terms it had non-uniform microstructure. 

The results from the petrographic analyses are 

presented in Figure 1 and Figure 2. The microscope 

with visible pores in the form of druses with sharp 
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a)

b)

c)

d)

Fig. 1. The microstructure of the grains of compact 

polarisers (colouring with alisarine, calcite grains have  

a red colour, dolomite grains are colourless)

and the colour range from light yellow to pink. The 

microscopic analysis (Fig. 1) have revealed that it is 

mm) mostly the equal-size grain structure, less often 

the different-size grain structure. At some places one 

may observe the traces of original structures (oval 

formations, sometimes with grains smaller than 0.001 

mm). Calcite appears sporadically in the form of 

mm. Pores are rare and appear in the form of irregular 

of dolomite and organogenic limestone grains with 

calcite as the binder. Grains with weakly marked 

concentric form have blurred oval outlines, the binder 

appears in the form of automorphic grains with the 

size of about 0.1 mm. 

a)

b)

Fig. 2. The microstructure of organogenic dolomite grains 

with the calcite binder: a) crossed polarisers (colouring 

with alisarine, calcite grains have a red colour, dolomite 

grains are colourless)
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The results from the XRD analyses of rock are 

Table 3. The composition of the aggregate

Component SiO
2

Al
2
O

3
Fe

2
O

3
CaO K

2
O Na

2
O SO

3
TiO

2

6.95 0.65 0.93 29.6 18.5 0.08 0.15 0.02 <0.01 0.02

The dolomite appears as the major component 

Silicates occur in all analyzed rock in small (trace) 

quantities, mainly quartz, illite. Their presence is 

corroborated by the results from chemical analysis 

revealing minor contests of SiO
2
, Al

2
O , as well as 

insoluble residue.

3.2. Expansion test
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even with a low content of SiO
2
, can be nonreactive 

with alkalis.

4. Discussion

same time, the aggregate is considered innocuous. 

The results reveal that the aggregate showed limited 

reaction. 
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The dolomite aggregate has good physical 

properties and meets the requirements for the concrete 

aggregates. Dolomite is the main component of the 

rock, which also includes small quantities of calcite, 

structure and a colour range from light yellow to pink.

mm or as short veins. Pores are rare. They appear in 

the form of irregular cracks or druses with the size of 

grain micrite dolomite (the size of grains smaller than 

cement

and bigger appears in the veins and pervades the 

dolomite in the aggregate-paste interface. There are 

grains of corroded quartz and microsilica. There also 

appear granular pieces of dolomite and organogenic 

limestone with calcite as a binder and dolomite or 

calcite grains. 

5. Conclusions

Considering its mineral composition, the aggregate

applied in this research could have been of the 

alkali-reactive type. From the analysis it is evident, 

however, the aggregate is possibly not reactive with 

alkali. Neither the alkali-silica reaction nor the alkali-

carbonate aggregate reaction were observed.
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charakterystyczne dla ekspansji kruszywa. Reakcja al-

kalia-kruszywo jest procesem chemicznym, w którym 

-

-

glany (ACR). 

Reakcja alkalia-krzemionka jest spowodowana 

-
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-

-

na z typowymi metodami analiz mikroskopowych 

wykonana przy zastosowaniu mikroskopu optyczne-

analizy dyfrakcyjnej (XRD). 

-

-

-

-

-

W badaniach zastosowano kruszywo dolomitowe, 

-

-

jest zbita z widocznymi porami o charakterze druz 

-

-

-

-

-

-

-

-

-

1) ziarna krystaliczne dolomitów z przerostami 

-

-

-

-

-

w porach betonu, natomiast dolomityzacja i tworze-

nia brucytu prowadzi do ekspansji. 

Druga hipoteza zaproponowana przez Swensona 

-

-

-

-

Trzecia hipoteza dotyczy sztucznego procesu. Me-

-

+, Na+ i OH- w ograniczone miej-

-

-

W badaniach zastosowano kruszywo dolomitowe 

-

-
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powe ziaren dolomitu i wapienia organogenicznego, 

-

-

-

-

4. Dyskusja i wnioski

graniczna ekspansja dla kruszyw reaktywnych ba-

-

-

-

-

-

-

obydwa typy reakcji konieczne jest rozszerzenie nie-

których metod badawczych do oceny ekspansji spo-

wodowanej dwoma rodzajami reakcji. W niektórych 

-

w tym samym czasie, w pewnych kruszywach.


