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ABSTRACT

The alkali-silica reaction of aggregates is one of the most significant factors in
the destruction of concrete structures worldwide. This is due to chemical
reactions between alkaline fluids in concrete voids and active silica minerals
Article history: present in some aggregates. Considering that many physical, chemical and
Received 11 March 2024 mechanical properties of concrete are related to aggregates, the role of aggregates
Received in revised form 27 in concrete is crucial. This research aims to investigate the compatibility of
August 2024 aggregate petrographic studies and accelerated prismatic mortar testing in
Accepted 31 August 2024 predicting the reactivity of aggregates and determining the intensity of aggregate
reactivity using the DRI index (a semi-quantitative complementary petrographic
Keywords: ) analysis). The study was carried out on laboratory samples of aggregates from
Aggregate,  alkali-aggregate  mines around Tehran, using the ASTM C295, ASTM C1260 and ASTM C856-4
:zzgz:gg (XASAF\{?)AS'T'(S'E;S&%&} tests. The results showed that pyroclastic aggregates, which include sandy tuff,
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(DRI). alkali-silica reaction due to their glassy background and microcrystalline silica.
During the alkaline reaction tests of the aggregates, evidence of gel was found in
cracks, holes and cement paste. In addition, the DRI index showed that the fine
aggregates of both study areas were in the "slightly damaged™ category and the
coarse aggregates were in the "severely damaged" category.
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Introduction developed over the years worldwide. One

Understanding the nature of aggregates is critical
due to their importance as a common material in
concrete and their increasing demand in
construction projects. Aggregates used in
concrete can have a serious impact on the
durability and maintenance of buildings and
infrastructure. Unfortunately, the testing and
specification of these aggregates prior to
construction is often ignored or not given
adequate attention. Alkali silica reaction (ASR)
is considered to be one of the most detrimental
factors that can affect the durability of these
aggregates. There is currently no consensus on
the most efficient method for testing the alkali
reaction of concrete aggregates in structures
affected by ASR, although many tests have been

method for investigating ASR is the Damage
Grading Index (DRI) proposed by Grattan-Bell
et al 1995. The DRI method assesses damage in
concrete using semi-quantitative microscopic
studies. This method evaluates the expansion
and deterioration caused by ASR and the amount
of damage in concretes containing reactive
aggregates (Grattan-Bellow, 1995). The DRI
method is also useful in investigating the
reaction effects in concrete exposed to ASR. In
this article, the main components of concrete, the
aggregates, have been examined from a
geological and mineralogical perspective to
identify the active silica that causes the ASR
reaction. In addition, this method helps to
determine the quality of the rock materials. The
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main objective of this research is to study the
characteristics of concrete and to detect the
alkali-silica reaction in aggregates and cement
paste, and also to establish a correlation between
the results of the petrography of aggregates, the
results of the accelerated prismatic mortar test
and the deterioration index. Therefore, this study
examines petrographic studies of aggregates,
prismatic expansion of accelerated mortar using
the ASTM standard method, and petrographic
studies of concrete as index tests according to the
ASTM C856-4 standard to identify the active
silica that causes the ASR reaction.

Materials and methods

Consumable aggregates

As the materials used for construction purposes
in Tehran Province are derived from river
materials, the highest concentration of sand and
sand units are found in two axes: the Shahryar
axis (Karaj River) and the Pakdasht axis (Jajrud
River). Therefore, to assess the alkaline reaction
capacity, six mines were selected and sampled
based on geology, mineralogy and identification
of active silica, which is the main factor of ASR
reaction.

Physical characteristics

The physical and mechanical properties of the
aggregates were determined according to ASTM
standards. The average specific weight of the
fine and coarse aggregates in the saturated state
with a dry surface was determined according to
ASTM C 128 and ASTM C 127. The impact and
crushing value tests (BSI British Standards
Institution BS 812-110, 1990), were carried out
and the results are given in Table 1.

Petrographic Examination of Aggregates
(ASTM C295)

The macroscopic observations revealed that the
aggregates could be grouped into three
categories: Group A - sandstone, Group B -
limestone and Group C - pyroclastic volcanic
aggregates, as shown in Table 2. The condition
of the aggregates was also examined in terms of

weathering and strength and they were divided
into three categories: dense and unweathered,
semi-weathered and weathered. The percentage
and type of grains with special shapes (disc-
blade-spherical) were calculated for both ranges
of aggregates, and the results are presented in
Tables 3 and 4.

In order to study the mineralogical changes of
the aggregates used, a thin section was prepared
and subjected to microscopic analysis (ASTM
C295). The percentage and type of rock making
up the materials were determined, and the
percentage of reactive minerals was also
calculated.

Expansion  Testing through C1260-07
(AMBT)

The silica-alkali reactivity test was carried out
using the accelerated prismatic mortar method
(ASTM C1260) on aggregates from two selected
mines. Prior to the test, petrographic and
reactivity studies were carried out on the
aggregates. Four mortar bars (25 x 25 x 285 mm)
were prepared for each type of aggregate by
mixing it with Portland cement and water (as
shown in Figure d). The length of the mortar bars
was measured at regular intervals for 28 days to
monitor expansion, and the changes in length are
shown in figure 4 e.

Petrographic Examination of Hardened
Concrete (ASTM CB856)

After carrying out petrographic and prismatic
mortar tests and analyzing the reactivity of the
aggregates, a concrete petrographic test (ASTM
C856) was carried out to further investigate the
alkali-silica reaction.

As part of this investigation, 2.5 * 24 cm sample
sections were taken from both test areas and
subjected to an accelerated alkaline reaction test
(ASTM C1260). The sections were then
examined for evidence of damage caused by the
alkaline reaction using the concrete petrographic
method. The severity of the damage was
assessed using the damage severity index (DRI)
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developed by Grattan-Bellew in 1992 and later
updated by Sanchez in 2017.

Results

Petrographic Examination of Aggregates
(ASTM C295)

Petrographic studies have analyzed various
microscopic sections including aggregates of
quartzite, microcrystalline and sometimes
dolomitized limestone, sandy tuff, volcaniclastic
tuff, tuff (dacitic andesite), glass tuff and
carbonate tuff. In addition, small pieces of quartz
of various sizes, dolomitic limestone, calcite
andesite fragments with altered glass paste and
iron oxide hydroxides were found scattered
throughout the field. Approximately 35-40% of
the volume of volcanic or pyroclastic fragments
contained active forms of silica, 10-15%
contained dolomite fragments and 10-15%
contained clay minerals, as shown in Figure 4.
Based on the petrographic observations of the
aggregates studied in the Tehran mines, quartzite
aggregates and microcrystalline limestone were
considered to be inactive and healthy aggregates.
However, pyroclastic aggregates, which include
sandy tuff, crystalline tuff (dacitic andesite) and
glass tuff, have the potential to generate an
alkali-silica reaction due to their glass base and
microcrystalline silica content.

Expansion  Testing through C1260-07
(AMBT)

Figure e shows the different expansion rates of
mortar bars. According to ASTM C1260
guidelines, if the expansion exceeds 0.1% within
14 days, the aggregate is considered to be
reactive. The average expansion results of the
prisms made with the No. 1 aggregate and the
sand are 0.225 and 0.206 respectively. In both
cases, this is greater than the 0.2 limit given in
the standard text. In addition, the expansion rate
for sand is 0.241 and 0.152, respectively, which
exceeds the 0.2 limit mentioned in the standard
text. However, for sand the expansion rate falls
between 0.1 and 0.2, indicating reactivity
potential. The expansion rate in the samples is

above the standard limit, indicating the presence
of reactive material.

Petrographic Examination of Hardened
Concrete (ASTM CB856)

In this study we investigated the damage
characteristics associated with ASR, which
include gel formation in air voids, cracking of
aggregates and cement paste, and formation of
cracks, joints and reactive products in coarse
particles. We examined the reactive halo around
aggregates, voids filled with reactive products or
particles in each 1 cm x 1 cm square and counted
the failure characteristics separately. The
characteristic coefficient was multiplied by the
above and finally divided by the total area
examined. This gives the sum of the results for
each defect and the damage severity index. The
most common characteristics of "failure” were
related to joints with reactive products (OCAG),
reactive halos around aggregates or particles
(RAP) and voids filled with reactive products
(AVG), which can be an extension of ASR. It's
worth noting that the identification of cracks in
aggregates and paste with and without reactive
products (CCA, CCP, CCPG) under the
influence of ASR was somewhat difficult. This
is because cracks can form in crushed aggregates
during processing or weathering before use in
concrete. With the alkaline reaction and
increased expansion, the existing cracks will
start to grow and expand, turning into cement
paste at the high expansion level.

Identify the alkali-silica reaction (ASR) of
aggregates by uranyl acetate solution test
(ASTM C856-04)

One way to detect alkali-silica gel is to use
uranyl acetate solution according to ASTM
C856-04. Uranyl acetate can highlight the
presence of ASR gel in cracks, cement paste, and
concrete holes under UV light. This method can
help distinguish silica gel from other by-
products such as calcium carbonate. You can see
the effect of ASR by looking at the pattern of
cracking and the presence of reaction edges. The
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laboratory test requires a clean concrete sample,
free from dust and traces of carbonate. he
polished surface of the concrete sample is
washed with distilled water and immersed in
uranyl acetate solution. After 5 minutes it is
washed again with distilled water and the target
areas are observed under ultraviolet (UV) light
in a dark place. Alkaline silica gel appears bright
yellow-green under UV light. The results of the
examination in Figure 10 confirm the gel
identified by the stereo microscope.

Confirmation of alkali-silica reaction of
concrete aggregates by concrete petrography
and DRI test

Petrographic studies of aggregates have shown
that pyroclastic aggregates such as sandy tuff,
crystalline tuff (dacitic andesite) and glass tuff
can cause an alkaline reaction due to the
presence of a glass base and microcrystalline
silica. These aggregates contain silica. To
confirm the relationship between the aggregates
and the alkali-silica reaction (ASR), thin sections
of the samples studied were prepared and
microscopically examined after identifying the
alkali-silica gel with uranyl acetate solution. The
results showed that the pyroclastic aggregates,
which were susceptible to reaction in
petrography, caused a destructive alkali-silica
reaction due to the presence of unstable silica,
chert and crystalline quartz hidden in their
structure. Petrographic features were found to be
diagnostic for quantifying the progression of
ASR. Counting different petrographic features
of deterioration helps to better understand the
development of ASR distress in concrete
samples and how this chemical reaction
progresses as a function of the expansion level of
the samples. The results of the experiment are
shown in Figure 11.

Conclusion

1. The petrography and  microscopic
observations of the aggregates studied suggest
that quartzite aggregates and microcrystalline
limestone (Groups A and B) are considered to be

inactive and healthy aggregates. However,
pyroclastic aggregates (Group C), which include
tuff types, have the potential to generate a
siliceous-alkaline reaction due to the presence of
microcrystalline silica and a glass base.
Therefore, before carrying out any civil or
industrial projects, the materials should be tested
for alkaline reactivity, as these minerals are
present in the aggregates of both mines.

2. The results of the accelerated test show that
the average of the manufactured prisms over 14
days is 0.2%, which is much higher than the limit
set by the standard. The presence of reactive
minerals such as siliceous tuff, carbonate tuff,
zeolite tuff, siliceous limestone, chert and
microcrystalline quartz in the target materials
makes the probability of reactivity of these
minerals high to medium. As a result, the
materials have the potential for silica-alkali
reactions. If the results of the Accelerated Mortar
Prism Test (ASTM C1260) show an average
percent change in length of the tested specimens
between 0.1 and 0.2%, additional testing,
including the Long Term Test of ASTM C1293,
is required.

3. A concrete petrographic test was carried out to
ensure that the petrographic results of the
aggregates were consistent with the results of the
accelerated alkaline reaction. The test also aimed
to assess the level of damage using the damage
severity index on the samples that had undergone
the accelerated test. The damage severity index
was used to describe the damage and the results
are shown in Table 9. Among the proposed
quantitative methods, the damage severity index
is the most suitable and effective for quantifying
the internal damage caused by ASR.

The study carried out on the lithological
investigations showed that the cracking within
the aggregate particles occurs due to the
expansion in the concrete. The results indicate
that the aggregates play a significant role in the
overall expansion of the concrete. It can be
concluded that the damage severity index is
influenced by ASR, which is a tool for
evaluating concrete structures. Although the
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efficiency of this method in evaluating
degradation mechanisms remains to be proven,
it can be said that concrete petrography and the
Degradation Rating Index (DRI) are the final
confirmation of the potential of the alkali-silica
reaction (ASR).

According to Grattan-Bellew, the analysis shows
that the aggregates studied from both areas fall
into the "slightly damaged" category according
to the results of the DRI. In addition, the study

presented new experimental evidence on the
correlation  between various petrographic
features and expansion levels. The DRI method
was used to estimate the expansion of concrete
prisms made from aggregates, and it gave a
relatively accurate result. It was also observed
that almost all petrographic features, such as
cracks in aggregate particles and cement paste,
showed a continuous increase with expansion.
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Fig. 1. Map of Tehran city, indicating mine locations, access roads, and rivers in the area under study
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Table 7. analyzing the damage characteristics of ASR of concrete petrography test, and measuring the
damage intensity index (DRI) in mine 1
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Table 8. analyzing the damage characteristics of ASR of concrete petrography test, and measuring the
damage intensity index (DRI) in mine 2
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Fig. 9. Evidence of alkali reaction damage using concrete petrographic method (ASTM C856)
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Table 9. Results plotted against the Grattan-Bell Index
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