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In order to produce strong and durable concrete, it is essential to accurately assess
the alkali reactivity potential of aggregates. Alkali reactions occur gradually over
time and are therefore often overlooked in the early stages of a project.. This
research investigates the alkali-aggregate reaction (AAR) potential of concrete
aggregates. Petrographic analysis of aggregates, based on ASTM C295, is a
simple and rapid method for identifyingminerals that may react with the alkalis
in cement. In this study, susceptible aggregates were identified through
petrography, and then the accuracy of the results and the importance of
petrographic analysis were verified using laboratory methods (ASTM C586 and
ASTM C1260) to select suitable materials with minimal cost and time before
designing the concrete mix. The results indicate that carbonate aggregates may
contain silica and have alkali reactivity potential, necessitating the use of ASR
testing methods as well. In addition, the results demonstrate that petrographic
analysis is an effective and valuable method for identifying minerals with alkali

reactivity potential.

Introduction

Alkali Aggregate Reaction (AAR) is a chemical
reaction between the active mineral components
of some aggregates and the alkalis of cement,
sodium oxide (Na20) and potassium oxide
(K20). This reaction can cause concrete
degradation and affect the performance of
concrete structures. Although there are some
standards for evaluating concrete aggregates
based on their petrography are available, it is
difficult to distinguish between the degradation
potential and harmlessness of different types of
aggregates (Fernandes et al., 2013). During the
hardening process of concrete, some reactions,
such as hydration, are beneficial, but others, such
as abnormal internal expansion, which causes
cracking and loss of strength, cause serious
problems for concrete. This reaction occurs in
two modes: the alkali-carbonate reaction (ACR)

and the alkali-silicate reaction (ASR). Alkali
silicate reaction is of greater concern than
carbonate reaction because silicate-containing
mineral aggregates are more common (Farny
and Kosmatka, 1997). Signs of damage due to
alkali reaction can manifest as a network of
cracks, tight knots, delamination, and
displacement of various parts of the structure.
Damage due to alkali reaction of aggregates is a
slow process. One of the methods to detect the
presence of this reaction in aggregates is
petrography, which predicts the probability of
the presence or absence of the reaction is
predicted (Fernandes et al., 2013).

In this study, the mineralogy of aggregates has
been investigated by focusing on petrography of
aggregates and geological description of thin
sections. The petrographic studies have been
specifically focused on carbonate aggregates and

Cite this article: Rahimi menbar, H., Fathollahy, M. (2024). Investigation of Carbonate Aggregates and the Use of
Petrography in Predicting Alkali-Aggregate Reaction (AAR). Journal of Engineering Geology, 18 (4), 609-625.

https//doi.org/10.22034/JEG.2024.18.4.1015263

© The Author(s).
BY _NC DOI: https//doi.org/10.22034/JEG.2024.18.4.1015263

Publisher: Kharazmi University.



http://dx.doi.org/10.22034/JEG.2024.18.4.1015263
https://dor.isc.ac/dor/20.1001.1.22286837.1403.18.4.7.9
https://jeg.khu.ac.ir/article-1-3143-fa.html

[ DOR: 20.1001.1.22286837.1403.18.4.7.9 ] [ Downloaded from jeg.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.22034/JEG.2024.18.4.1015263 ]

Journal of Engineering Geology, VVolume 18, Issue 4, 2024

610

their potential for reaction in concrete
construction has been studied. Then, using
supplementary tests such as the rock cylinder
method (ASTM C586) and accelerated prism
mortar (ASTM C1260), the reliability of
petrography in the potential for reactivity was
evaluated.

Materials and Methods

Aggregates are the most important natural
materials used in concrete construction. These
materials are often selected from natural deposits
such as sand, gravel, or crushed stone, which
constitute a large volume of concrete (Qemallaj
and Golgota, 2015). One of the methods used to
describe and classify materials is petrography,
which is a method of identifying minerals and
other compounds, usually performed on hand
samples and thin sections.

In this study, eleven carbonate rock samples
(limestone and dolomite) were prepared as
parent rock from the quarry and crushed by a
laboratory crusher and then screened to various

sizes using laboratory sieves. Also, all materials
were thoroughly washed before use and were in
the S.S.D (saturated state with dry surface)
condition. After being crushed by the device, the
samples were separated by sieves of different
sizes and then the percentage remaining on each
sieve was examined by descriptive petrography.
Thin microscopic sections were prepared and
studied from each type of rock remaining on the
sieves. As can be seen from the XRF analysis
results of the samples (Table 1), the silica
content of most of the samples is less than 5%,
except for one sample which has a high silica
content of about 21.1%, which may indicate the
presence of active silica in aggregates (such as
opal, chalcedony, tridymite, cristobalite, and
volcanic glasses) (ASTM (C295-08). These
reactive materials may be present in rocks such
as chert, argillite, phyllite, greywacke, schist,
gneiss, mylonite, vein quartz, quartzite,
sandstone, rhyolite, rhyolite tuffs, dacite,
andesite, and other rocks (Gifford and Gillott,
1996).

Table 1. The amount of oxides of the main elements of the studied aggregates, measured by XRF.

XRF  Oxides Na2O MgO AlO3 SiO2 P20s

So3 K20 CaO V205 Fe03 LOI Total

B1 % 0.076 83 0.42 1.7  0.061
B2 % 0.093 5.2 0.54 26  0.099
B3 % 0.063 3.9 0.36 1.4 0.055
B4 % 0.087 58 0.4 15 0.086
B5 % 0.1 5.9 2.3 211 033
RS1 % 0.07 0.76 0.8 3.7 0.09
RS2 % 0.053 0.85 0.75 45 0.087
RS3 % 0.056 0.75 0.45 2.7  0.063
RS4 % 0.055 1.23 0.3 3.1 0.41
RS5 % 0.087 1.13 0.4 4.6 0.58
RS6 % 023 141 204 211 0.1

0.3 0.2 4501 0.008 0.33 43.4  99.805
025 026 478 0.008 037 4259 9981
024 019 502 0.007 042 43.01 99.845
026 022 48.01 0.008 0.36 43.13 99.861
033 042 322 0.02 208 3419 98.97
0.023 033 531 0.008 0.83 39.9 99611
0.026 0.3 521 0.006 0.78 40.1  99.552
0.061 019 529 N 0.64 4036 98.17
0.071 0.19 5301 0.012 1.06 40.37 99.808
0.054 0.2 53.7 0.011 095 36.84 98.552
0.017 059 375 0.008 2.09 343  99.385

Results and Discussion

The presence of at least 0.5% of aggregates
containing active silica can cause ASR and
concrete destruction. According to microscopic
and petrological observations of carbonate
mineral samples, the amount of active silica in
the mixture of each sample has been estimated,
and the amount of active silica in the samples is
such that this reaction seems likely to occur. The
general characteristics of rocks that are
susceptible to alkali-carbonate reactivity (ACR)
are: fine-grained dolomites, a significant amount

of fine-grained calcite, insoluble materials such
as clay and silica, homogeneous dispersion of
dolomite and calcite within the clay matrix.
According to microscopic observations of the
mineral samples and considering the significant
amount of fine-grained calcite in the texture of
all samples and the presence of a very small
amount of fine-grained dolomite in each sample,
there is a possibility of alkali-carbonate reaction
in all samples.
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Conclusions

According to petrographic observations using
the ASTM C295 standard method, it is
concluded that the aggregates of the borrowed
resources does not have the potential to cause
alkali-carbonate reaction. And the ASTM C586
and ASTM C1260 tests confirm the petrographic
results. Also, alkali-silica reaction is possible
due to the presence of microcrystalline chert in
some rock groups, which do not have much
effect due to their small percentage in the total
materials. The results show that calcareous
aggregates can contain amounts of silica, so it is

necessary to simultaneously control the alkali-
silicate reactivity potential when examining the
alkali-carbonate reactivity potential.
Considering the descriptive nature of the
petrographic results and the errors in the
experiments, it is generally recommended to use
low-alkaline cement in aggregates with siliceous
reactivity (equivalent alkalinity in terms of
(Na20+ 0.658* K20) Na20 less than 0.6%) and
in aggregates with carbonate reactivity
(alkalinity of materials in cement in terms of
Na20 should not exceed 0.4%).


http://dx.doi.org/10.22034/JEG.2024.18.4.1015263
https://dor.isc.ac/dor/20.1001.1.22286837.1403.18.4.7.9
https://jeg.khu.ac.ir/article-1-3143-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-06 ]

‘.Sww LSM’L;'M’ O‘“"} d")‘“'; o3| s

Journal home page https://jeg.khu.ac.ir LS g 8 LS
a5 a8 YAAY Y Fas
(AAR) S (iiS1g (St 38 2155 959 31 o0liin! g dily )5 AR (w5 59
X 2 ol y .
RIS doo ¢! i 0wy

rahimi1370@yah00.com :asbLl, . o) (ol a5 o Can i olKiisly sl pole 0uSuisls ¢ wodige i pro (655> (sgmeiily )
m.fathollahy@UOK.ac.ir :asbll, . o))yl i (ks )S olKisls casl pole aSLild (proj pole 05,5 ¢ pwdino sl o) (5585 .Y
EERS o Ol
(U sla STyl (598 WaeilaSiw (LB (ol STy Juniliy 383 (2bj)l epglie i (S Lo ]
Ol 93 2555 (03 )18 g 3,90 55" Rlgl 53 18T s (e 4y W8l o ST lo IS Sl g oy
U gl 1Sy Jrailiy g oy &2 ailSiw (B1)S9)5 adlllas g Sb ablie adlbae p JS 05 LGS ypovypiva sl g ,U
Oy Slogs 13 29250 LB L Gl (S0 & QI b sl o ol iy 5 03l Slocts) gy Lin s Sy b
03zl b o g plsil (81,55 5 b dtiene (sladilaSis ploliss  Sldllas 5yg0 cpl )3 39 oo o3litul camd
LS y0 plol cuenl g s covo ASTM C1260 g ASTM C586 al5iolejl cla 34, 5| o lgunls
ol bYE! &b gt 5l L8 obisS loj cose ;o Sl gladis i 8o b cawlio gdlias Cloal jslaio 4 e b wls Al
el 5 0392 koo (53l Sl 618 SloaliSin o 3o o5 adlae @l 45 B 0 aapy
¢ 2

gy dllio il £45

‘ s,
Oszeen 39 45 SoS v ASR iolejl sla b, 31 sl p3¥ cplply asl awsly LB ST e | -
i T . i el S5
Sl (sl L;Lmujlf Rsuls Slyp 005 S8 5 calio (g, ;‘591)59);‘.3. RS &S sls olis gl ASTM C 295,
Al (2Ll8 STy
dodlo

oL sly 5 Carbonate Reaction (ACR) cOlosw (olLd8 g baailaSiw 51 (S Jad Saxe sly!
uiSls . Alkali-Silica Reaction (ASR) ISl

Sl 0aisS 1,55 wly ) STy 5l s Gl L8

O 8les g odd (yu e B crge Sl e STy (]

[ DOR: 20.1001.1.22286837.1403.18.4.7.9 ]

a5 gl Ollw ol Same sbaaslaSn 15
] €485 slaailas (Farny and Kosmatka, 1997)
oS 5 5l GlaSid &0 a0 Wil oo LIS 23STy ST 50
slecend ool g ol Gldd,g «Soop slee S
L e B UL LS e
ol glely 5l (Soall oo ,alj dgp S5 baslaSw
QT 50 aS Sl (B850 baslaSs ;o 1iSTy cpl 042

Sgb oo (st STy 9szg pas b sgzgy Jleisl

by sl lsbial S ax 51 o 0K L8t s ole
Elgl 5oy yro e b oy Jeily o plas Ll el
axl,8 o (Fernandes et al., 2013) cowl JSie oK
Ogeliied aiile b ausSly (Fp o (SdESw
wole e bladl aile S0 S Lol ssiin siesge
Ogb oo Caeglie S 5 (53,55 S5 Sl a5 (g0

99 50 STy ()00 5 o o glp guo O csly

[ DOI: 10.22034/JEG.2024.18.4.1015263 ]

(midigen (ol (yao) alxe .(AAR)L_,;._L,.IA STy i 5 (3,5 5l eolatl 5 ailn,S laailaSi oy p (VFY) o e aUld ez ¢yt cons, 1M
https://doi.org/10.22034/JEG.2024.18.4.1015263 £#Y8-£+1 «(F) VA

@ ®® OB s ©

BY NC

gs‘))l? Rils 1yl



http://dx.doi.org/10.22034/JEG.2024.18.4.1015263
https://dor.isc.ac/dor/20.1001.1.22286837.1403.18.4.7.9
https://jeg.khu.ac.ir/article-1-3143-fa.html

[ DOR: 20.1001.1.22286837.1403.18.4.7.9 ] [ Downloaded from jeg.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.22034/JEG.2024.18.4.1015263 ]

¥ o)Lo..,.'f: AA 0,99 “5.,;.)...@‘.4 ‘Swld.m )

Y

3 S0 spdslael Jbj,l 4 (ASTM C1260)

o9, 9 dlge

Sl j0 232 (it ol las lie 4 baslasis
b loarags jl el wlas (pllogd oo 00 )1 (%
a5 395 so bl S slros 5 Uy g ale o yd g
Qemallaj and ) wias o LS 1) 0 5l ool e
Sodinb g ciogs sl by, alex 5l (Golgota, 2015
@bolid Gl (o2, &5 Sl BIS90 (ow)p lan
i Sdiges 13 Vgone a5 Canl OS5 503 5 la SIS
s G585t aalllas 51 B 05 a5 3 golio s
Sl S g S lgize w90 50 Sledlbl o ,5] s
Qemallaj and Golgota, ) <ol ol saums JuSias
S 9 595 & 93 Jold LS lge Laie (2015
i s S Juls Wl Gss gt bl s
59959 Slge 5 Ol (yloww dadilaSiw alox 5l oy soimd
$a3o 5 b Ol ol Sl il olesd 5 Sase
WSS9k i (59,0 4 Wlg 995 1B b e 0 88
S 50 bl el Sy ae Wyies 05>
Sy aoyme blusdl o ailgs oo b iiSTly ol aigl
Sy p addllae cpl o a5 2 D9 S
S99 oo lilivl ulol n oled 5 (SS90
5 omthew - QLB DSy oleles sl ASTM)
sgam poe b jeam anli Gl balalon wlo S - LI
el 00l 00 IS 2 el plae jo SLLS 5l

5 Sal) wly,S S dges 03jb olows anlllas (ol o
bugi g e oone 5l ole Sow D90 4 (Cuegled
& s 9 005 Gl (il (S S el
ol iz slasjlul jo L alfisle;] slasdl aliwg
3 5 et SalS solitl 51 LS gl 4l caioran b

Al ol sla STy (Fernandes et al., 2013)
sblsy 51 s oo 2 g 039: Cuenl Pl alidee (pdizee
Olsiss ol alox a8 claid 518 4z 550 calire
Wl L5 sla STy Sl .o ,S o, L5l 1058 e 4
5 Slosw slo oS 5T (Figueira et al., 2019)
(Meesak and  «ll LB sl STy
4.lie Sujjavanich, 2019; Leemann et al., 2015)
o sl sy, (Islam, 2014) ASR als sl s,
(Rivard and Saint-Pierre, L sl STy 2ol 4
2009; Hanifehzadeh et al., 2019; Courtois et al.,
asle 8,90 e 2021; Kongshaug, 2020)
JG 5 s 520l 0 53 LB sl 28Ty a4 0155
sl Sty s5leJoe (Custodio et al., 2025)
(Pourbehi, 2018; Gorga et al., 2020) L1
sl iSly Jals )0 Sl 9l aile (solge (625,
Banik et al., Majidi et al., 2023) a1Slow LIS
sl i o 4> ,51.(2024 ;Almakrab et al., 2024
oS Sy g (S5 Olore 4 (BLSs ) eslinl
23 S yesn 55 2 Ul ol ot 55 QLB 2Ty Joniley
Sl patie s> g ALl oy adx O)lge Sile
oo s b g 09 cos oaud 15,281y sla SIS jolie
PRI P A IO
Jelo g Sl 4855 )18 (o) 2 9590 LS sladilaSin

el 005 plowl (95 4y (2595 ross g
oy g Wi (SS9 p 3558 b Gaios al o
LoailaSow olits SIS (o) 2 a0 S50 ablie (bl
2Pl sk & (SS9 laem, p g Sl ond wils
Sy izl g oads Bshane aily S slaalaSew s,
aalol o el 418,518 aalllas 8,50 oo Lo 4o Lo
Wlginl g, Osmed hoSS slaalesT 5l solial b
00 g (5 5 Mo g (ASTM C586) S


http://dx.doi.org/10.22034/JEG.2024.18.4.1015263
https://dor.isc.ac/dor/20.1001.1.22286837.1403.18.4.7.9
https://jeg.khu.ac.ir/article-1-3143-fa.html

[ DOR: 20.1001.1.22286837.1403.18.4.7.9 ] [ Downloaded from jeg.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.22034/JEG.2024.18.4.1015263 ]

V¥

I g priagon | oy (P55 3l eolitl 5 il slaalaSin w2

30 Jld eediws 9925 oaimolis Wilgh go aS el wo

ASTM) asl (SlaassT gbass 5 collbging S

cCamoady )i

Sblg Wdg ) « o dwlo 2o 35,95 (145, sla s lgS

Wy oo 503 laSin 55 g Cujul s (g,
(Gifford and Gillott, 1996) ol aisls 4>

Sl o0y (S mhaw b oglusl cll=) S.S.D o>
L gl lawgs olliws lawss ol 05 5 s adiges
Qo0 s g 428,818 blaz 5550 Gglaie slaojlul
g SS9 omin S90S 2 55 p onilendly
ablie sl g4, oilodl Siws £ ,2 3l a8 )5 1,3
yohilen ol oals axlllas g o dgd (095wg S S5
J992) 955 0 ealine 1 ladiges XRF 56T s o a8
32 A Sl 00,0 0 31 eS diged dél i Jlaae (
YAV 0505 50 b 0l 5 0o )0 slhls a5 ladiges 51 (S

el 00 L;J.:fc)'l..\jl)(RF oogy & aS aslllas 5550 laailoSan Lol jolic aST lade ) Jgus
Table 1. The amount of oxides of the main elements of the studied aggregates, measured by XRF.

XRF Oxide NaO MgO A0z SiO2 P20s Sos KO CaO
Bl % 0.076 8.3 0.42 1.7 0.061 0.3 0.2 4501
B2 % 0.093 5.2 054 26 0.099 025 026 478
B3 % 0.063 3.9 036 14 0.055 024 019 502
B4 % 0.087 5.8 0.4 15 008 026 022 4801
B5 % 0.1 5.9 23 211 033 033 042 322
RS1 % 0.07 0.76 0.8 37 009 0.023 033 531
RS2 % 0.053 0.85 0.75 45 0.087 0.026 0.3 52.1
RS3 % 0.056 0.75 045 27 0.063 0.061 019 529
RS4 % 0.055 1.23 0.3 31 041 0.071 019 53.01
RS5 % 0.087 1.13 0.4 4.6 058 0.054 0.2 53.7

RS6 % 0.23 1.41 204 211 0.1 0017 059 375

Samples

s Error! Reference source not found.

oo &1l Error! Reference source not found.

V205 Fe203 LOI Total
0.008 0.33 43.4 99.805
0.008 037 4259 99381
0.007 0.42 43.01 99.845
0.008 0.36 43.13 99.861
0.02 208 3419 9897
0.008 0.83 399 99.611
0.006 0.78 40.1 99.552

N 0.64 40.36 98.17
0.012 1.06 40.37 99.808
0.011 0.95 36.84 98.552
0.008 2.09 343 99.385

5 Sl (O 22 e 2l ok onl o rae O
Slastinl p gabate SO Y b loww ((Bpan lows

ol T lend § S bzl a5 <ol ASTM C 295

Olos (S jd Dlain ¥ Jsoxr
Table 2. Physical compound of cement

s Slasie e
Fineness ( Blaine Test, cm2/gr ) 3081
Retained on Sieve # 170 (90 um) 5.7
Autoclave Expansion 0.21
Water or Normal Consistency 23
Initial Setting Time (Vicat Test, minutes) 153
Final Setting Time (Vicat Test, minutes) 212
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Table 3. Chemical compound of cement

Chemical compound Amount %

Chemical compound

Amount %
SiO2 20.79 Na20 0.37
Al20s3 4.76 K20 0.68
Fe203 3.86 Free-CaO (CaO.f) 0.82
Ca0 62.28 Cl -
MgO 3.22 Loss on Ignition ( LOI ) 1.88
SO3 1.89 Insoluble Residue (1.R) 0.51

Bouges compounds

Tricalcium-silicate ( C3S)
Dicalcium-silicate ( C2S)
Tricalcium-aluminate ( C3A)

Tetracalcium-aluminoferrite (C4AF)

52.67
19.89
6.09
11.74
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Fig. 1. The grain size distribution of aggregate
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Fig. 4. A. A sample with a matrix of sparite and astrolina in an alizarin-stained specimen, at magnification AE4

(PPL), B: Traces of algae in a sample stained with alizarin, at magnification AE4 (XPL), C & D: Traces of dolomite
in the alizarin stained specimen, at EA10 magnification (XPL) and dolomite lozenges at EA4 magnification (PPL),
E: Stylolite joints and calcite microjoints, AE4 magnification (XPL), F: pore spaces, G: Unfilled fracture and traces
of opaque minerals at AE4 magnification (PPL), H: Glauconite in an alizarin-stained specimen, at magnification
EA4 (PPL).
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Table 4. Expansion rate of carbonate rock sample by rock cylinder method (ASTM C586)

Average percentage of changes of 3 samples using the stone cylinder method

initial
Samples
length (cm) 7 days 14 days 21 days 28 days 56 days 84 days 112 days
R1 3.73 0.0009 0.0010 0.0020 0.0025 0.0030 0.0030 0.0030
R2 3.68 0.0009 0.0010 0.0015 0.0020 0.0025 0.0025 0.0025
R3 3.67 0.0000 0.0009 0.0010 0.0015 0.0020 0.0020 0.0020
R4 3.72 0.0008 0.0010 0.0015 0.0020 0.0025 0.0025 0.0025
R5 3.72 0.0008 0.0010 0.0015 0.0018 0.0020 0.0020 0.0020
R6 3.66 0.0002 0.0005 0.0008 0.0010 0.0015 0.0017 0.0019
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Fig. 5. The rate of expansion of samples over 112 days using the cylinder method
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Table 5. Expansion rate of carbonate rock sample (B) by accelerated mortar prism method (ASTM C 1260)

Average percentage of changes of 3 mortar prisms using the accelerated method

Samples Ienig;rlir:i?clm) ad
ays 7 days 11 days 14 days 21 days 28 days 35 days
B1 28.49 0.045 0.077 0.120 0.145 0.189 0.229 0.257
B2 28.47 0.034 0.063 0.097 0.128 0.175 0.223 0.250
B3 28.49 0.034 0.069 0.097 0.125 0.159 0.210 0.230
B4 28.48 0.025 0.057 0.089 0.130 0.199 0.259 0.301
B5 28.49 0.025 0.050 0.084 0.112 0.169 0.230 0.278
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Table 5. Expansion rate of carbonate rock sample (R) using the accelerated mortar prism method (ASTM

C1260).
initial Average percentage of changes of 3 mortar prisms using the accelerated method
Samples
length (cm) 4 days 7 days 11 days 14 days 21 days 28 days 35 days
R1 28.48 0.002 0.004 0.006 0.008 0.010 0.012 0.014
R 2 28.47 0.002 0.004 0.006 0.008 0.009 0.010 0.011
R3 28.48 0.003 0.005 0.007 0.009 0.011 0.013 0.015
R4 28.48 0.009 0.012 0.019 0.029 0.041 0.051 0.061
R5 28.48 0.004 0.008 0.011 0.018 0.028 0.034 0.046
R6 28.48 0.004 0.007 0.011 0.016 0.024 0.035 0.046
Expansion- Time diagram of aggregate Expansion- Time diagram of aggregate
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Fig. 6. A. Expansion rate of Group B aggregates by standard method (ASTM C 1260), B. Expansion rate of group

R aggregates by standard method (ASTM C 1260).
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