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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
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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 A0z SiO2 P20s
Bl % 0.076 8.3 0.42 1.7 0.061
B2 % 0.093 52 0.54 2.6 0.099
B3 % 0.063 3.9 0.36 14  0.055
B4 % 0.087 5.8 0.4 1.5 0.086
B5 % 0.1 5.9 2.3 211 0.33
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 % 0.23 1.41 2.04 211 0.1

Sos KO CaO V205 Fex0s LOI Total
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 4301 99.845
026 022 48.01 0.008 0.36 43.13 99.861
033 042 322 0.02 2.08 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 99552

0.061 0.19 529 N 064 4036 98.17

0071 019 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%).
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Table 1. The amount of oxides of the main elements of the studied aggregates, measured by XRF.

XRF Oxide NaO MgO AlOs SiO2 P20s Sos KO CaO V205 Fex0s  LOI Total

B1 % 0.076 8.3 042 17 0061 03 0.2 4501 0.008 033 434 99.805

B2 % 0.093 5.2 054 26 0099 025 026 478 0008 037 4259 99.81

B3 % 0.063 3.9 036 1.4 0055 024 019 502 0.007 042 43.01 99.845

B4 % 0.087 5.8 0.4 15 0086 026 022 4801 0.008 0.36 4313 99.861

3 B5 % 0.1 5.9 2.3 211 033 033 042 322 0.02 208 3419 9897
g‘ RS1 % 0.07 0.76 0.8 3.7 0.09 0.023 033 531 0.008 0.83 39.9 99611
& RS2 % 0.053 085 075 45 0.087 0026 03 521 0.006 0.78 40.1 99.552
RS3 % 0.056 0.75 045 2.7 0063 0.061 0.19 529 N 0.64 4036  98.17

RS4 % 0.055 1.23 0.3 31 041 0.071 0.19 53.01 0.012 1.06 40.37 99.808

RS5 % 0.087 1.13 0.4 46 058 0054 0.2 537 0011 095 36.84 98552

RS6 % 023 141 204 211 0.1 0017 059 375 0.008 2.09 343 99.385

s Error! Reference source not found. ,s
oo &Il Error! Reference source not found.

Table 2. Physical compound of cement

5 Sl (G5 2 e Sl okl )d (Brae O

o tboord 5 e sl yisl )y a5 2ol ASTM C 295

Sod olasin 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 TG
SiO2 20.79 Na20 0.37
Al203 4.76 K20 0.68
Fe203 3.86 Free-CaO (CaO.f) 0.82
CaOo 62.28 Cl -
MgO 3.22 Loss on Ignition ( LOI ) 1.88
SOs3 1.89 Insoluble Residue (I.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. 3. A. Calcite at EA4 magnification (PPL), B: Dolomite at EA4 magnification (XPL)
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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
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Table 4. Expansion rate of carbonate rock sample by
rock cylinder method (ASTM C586)
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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

Samples | |n|r:|al
ength (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
Expansion- Time diagram of aggregate
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Fig. 5. The rate of expansion of samples over 112 days using the cylinder method



7YY

s 5 pio conmy | o y0 (1550 5l esliiul g il S laalaSin w)p

Ubsy 4 B og,S slaailaSin bladl e A £ S
-aslos blud! ol -B «ASTM C1260) s laikesl

ASTM C1260) s laibewl oy, 4 R 0,5 slo
S, S bl pwyp bl aba>de LB (o 5 )
2 Bl (lie 955 o0 alixdlo i (5551 oz 5, YO
aoyd Y BN o 5, VYW cisdS 5l o B sladiges
0, » 2Ll olasTy Cobld Hha 5l as 0,5 e l,8
ok SoSTn R glaaigas o Ll w5 o0 518 S sSia

s g ooy o) 5l eS bludl flise b g 098 o0 00y

Slailewl lul p (s (215 AS Ty (Suion

ASTM C1260 g yguin Mo
V) ol daailoafn ol 2Ty bl Ca B sl 5o
Al (6 pdiged walizee Sloy Jolsd jo bbXw 5l diges
Mo (550 sloaiges blul ool gy Gialesl g
Sle ombesl ol mbs s pbul o labiul b gl
Error! Reference ,s .55 4 R 3B slaalols

Error! Reference source 4 source not found.

CiE e enE E il | e fleT 9 not found.
u.asu‘ysa MQJS u)yayl.: ) ds‘éw 4.4‘9.4.....:‘ ‘j«A)Lﬂ)‘
Expansion- Time diagram of aggregate Expansion- Time diagram of aggregate
Sample ASTM- C 1260 Sample ASTM- C 1260
s 0016 03
0.014
0.25
0.012
g 0.2
% 0.0l
&
=%
]
113 0.008 0.15
2
0.006
0.1
0.004
0.002 0.05
e — 0 0
0 5 10 15 2 25 30 35 40 o 5 10 15 20 25 30 35 40
Time (Day) Time (Day)
~e~” RI ¢ R2 ~e” R3 ™ R4 ™ RS R6 e Bl T B2 e~ B3 TN B4 T BS

(ASTM C1260) ooy gy siig, 43 Do jguiin g, 40 (Baiged) (Slu,S S diged blucdl (lie O Jgaz
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 | initial
ength (cm) 4 days 7 days 11 days 14 days 21 days 28 days 35 days
Bl 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




¥ b)l.o.oj: AA 0,99 ‘G“J"\"‘e(“ wLo.w O FYY

(ASTM C1260) oo g9 yuud 5, 42 S jeuiin (g, 0 R aiged) Slo,S i diged blucdl (50 £ Jooz
Table 5. Expansion rate of carbonate rock sample (R) using the accelerated mortar prism method (ASTM
C1260).

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

samples initial
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
Sample ASTM- C 1260 Sample ASTM- C 1260
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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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