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Abstract 

The petrographic properties of the aggregates have significant roles on the long term 
performance of concrete. Therefore physical, chemical, petrographic properties and alkali silica 
reactivity (ASR) of the aggregates affect the durability of concrete and service life of reinforced 
concrete structures. 

In this research, physical, chemical and petrographic properties of the aggregates, sampled 
from Cendere Valley quarry and Çatalca quarry, were determined. Also, ASR risks of these 
aggregates were investigated by short and long term tests. Twelve different mortar mixes were 
designed according to ASTM C 1260 and TI B 51 and stored 14 days in 80oC NaOH and 20 
weeks in 50oC NaCl, respectively. Change in length of the mortar bars were measured. Thin 
sections were prepared from the mortars and microscopic observations were carried out. 
Experimental expansion results were compared with ASR activity on the thin sections. 

It is concluded that ASR risk investigations on the thin sections is as important as ASR length 
change measurements, physical, chemical and petrographic investigations. Use of mineral 
admixtures such as blast furnace slag in the cementations phase, has been found to be very 
useful in mitigation of alkali silica reactivity. 
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1. INTRODUCTION 
In this research, Alkali Silica Reactivity (ASR) of Cendere quarry and Çatalca quarry 

aggregates were investigated. Alkali Silica Reactivity (ASR) in concrete is a particular variety 
of chemical reaction within alkali hydroxides, usually delivered from the alkalis present in the 
cement used, and reactive forms of silica present in aggregate particles. This chemical reaction 
also requires water for it to produce the alkali silica gel reaction product which swells with the 
absorption of moisture. Typical deleterious features of ASR in concrete structures include 
cracking, expansion consequent misalignment of structural elements, spalling of fragments of 
surface concrete as pop-outs and the presence of gel in fractures or associated with aggregate 
particles within the concrete.  

ASR is a slow developing reaction. The actual determination of the potential alkali reactivity 
of aggregates is often only possible through laboratory tests, which ensure that all aggregates 
are evaluated under the same conditions. For that reason there are many methods for testing 
ASR of aggregates. In this research, ASTM C 1260, TI B 51, TI B 52 and ASTM C 295 are 
used.  

One of the most important benefits of the mineral admixture is on durability and permeability 
of concrete. For reducing the risk of ASR, fly ash, blast furnace slag, silica fume and/or 
metakaolin can be used as partial cement replacement.   

Among other benefits of mineral admixtures, such as blast furnace slag, in concrete is the 
reduction of temperature development and internal-external temperature difference in hydrating 
concrete. Mineral admixtures also reduce the harmful effects of sulphates and chlorides in 
concrete durability.  

2. MATERIALS 
Physical, chemical and petrographic properties of the aggregates were determined. Natural 

and crushed sands were sampled from Çatalca Valley quarry, and Cendere quarry, respectively. 
For twelve different mortar mixes CEM I 42,5 R cement, ground granulated blast furnace 

slag and fly ash were used in the binder phase. 

2.1 Aggregates 
In Table 1 grading (TS EN 933-1) and Fineness Modulus of the aggregates are given. In 

Table 2 physical properties, in Table 3 chemical properties and methylene blue test results of 
the aggregates and related standards are given. 
 
Table 1: Grading and fineness modulus of the aggregates 

 
Sieve (mm)   

Fineness 
Modulus 

8 4 2 1 0,5 0,25 0,125 0,063 
% Total Passing on Sieve 

F1-Çatalca 100 100 99 97 67 3 1 0,6 3,3 
F2-Cendere 100 91 54 31 18 9 4 2,1 4,9 
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Table 2: Physical properties of the aggregates 
 

 
Table 3: Chemical properties and methylene blue test results of the aggregates 

 

Chemical Test Results 

Methylene 
Blue (%) 

Water Soluble 
Chloride Content 

(%) 
 

Water Soluble Alkali 
Content                                       

(eqv. Na2O) (%) 

Acid Soluble 
Sulphates (%) 

TS EN 1744-1 
@7.0 

ASTM C 114-05 
@17.2 

TS EN 1744-1 
@12 

TS EN 
933-9 

F1-Çatalca 0,0002 0,0045 0,19 0,5 
F2-Cendere 0,0001 0,0064 0,21 0,5 

 
The content of organic impurities in the aggregates were tested according to the TS EN 

1744-1. Test results show us that, the aggregates do not contain considerable amounts of 
organic impurities. 

Petrographic properties of aggregates were determined according to ASTM C 295.  
Visual examination of F1-ÇATALCA natural sand indicated that the particles were sub-

rounded to rounded with medium sphericity and particle surfaces were mostly smooth textured. 
The individual grains of natural sand were glassy - transparent, dull white, red - brown - yellow, 
gray - black, green colors. Whole sample color was yellowish. On some sand grains clay lumps 
and friable particles were observed. Samples did not give reaction with HCl %10 acid test. 

Visual examination of F2-CENDERE crushed sand indicated that the particles were angular 
to very angular with low sphericity. Particle surface was mostly rough textured and well packed. 
Laminations were observed on some grains. Crushed sand color was dark gray -gray (dry), dark 
gray, black (wet). Particle structure is fresh and dense, and can be classified as iron hydroxide 
containing sedimentary clastic rock, sandstone.  

For determining the petrographic properties of the aggregates, thin sections were produced 
with fluorescent epoxy. These thin sections were analyzed under polarized microscope by 
yellow and blue filters.  

2273 grains of F1-ÇATALCA natural sand were analyzed and in Table 4 petrographic 
analysis result is given. 
 
 
 

 

Physical Test Results 
Loose Bulk Density                                

(gr/cm3) 
Particle Density (SSD)                                          

(gr/cm3) 
Water Absorption                         

(%) 
TS EN 1097-3 TS EN 1097-6 

F1-Çatalca 1,5 2,62 1,1 
F2-Cendere 1,5 2,70 0,9 
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Table 4: Petrographic analysis of F1-ÇATALCA natural sand 

Constituents   (%) 
Quartz 52 
Potentially Deleterious Quartz Trace 
Chert  5 
Metamorphic Rock Trace 
Plutonic Rock 3 
Volcanic Rock Trace 
Sedimentary Rock 14 
Carbonate Fragments 7 
Feldspar 12 
Mafic Minerals 6 
Iron hydroxide containing grains 1 

 
F1-ÇATALCA natural sand is also analyzed according to TI B 52. In Table 5 the analysis 

result is given.  

Table 5: TI B 52 Analysis result of F1-ÇATALCA natural sand 

Constituents   (%) 
Dense - Chalcedon Chert 4 
Porous - Chalcedon  Chert 1,4 
Opaline Chert 0 
Total Alkali Reactive Material Content (Porous + Opaline Chert) 1,4 
Total Number of Observation Points 2661 

 
2391 grains of F2-CENDERE crushed sand were analyzed and in Table 6 petrographic 

analysis result is given. Organic matter stained components did not observed 

Table 6: Petrographic analysis of F2-CENDERE crushed sand 

Constituents   % 
Sandstone 64 
Siltstone 17 
Clay Stone 1 
Igneous Rock  2 
Calcareous Sandstone 1 
Carbonate Fragments 5 
Quartz 2 
Feldspar 1 
Pyrite ~3 
Iron hydroxide containing grains 4 
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2.2 Binders 
For twelve different mortar mixes CEM I 42.5 R cement, ground granulated blast furnace 

slag and Class F Fly ash are used. In Table 7 Chemical Analysis of binders are given. 
 
Table 7: Chemical analysis of binders (in %) 

 
 Cement Slag  Fly ash 

 TS EN 197-1 TS EN 15167-1 TS EN 196-2 
SiO2 18,75 41,31 57,35 
Al2O3 4,69 11,48 17,55 
Fe2O3 3,29 1,02 12,10 
CaO 63,28 36,00 2,91 
MgO 1,45 6,00  - 
Na2O 0,37 0,50 0,07 
K2O 0,74 1,08 1,65 
Na2O Equivalent Total Alkali 0,80 1,21 1,16 
SO3 3,53 0,09 0,74 
Loss of Ignition 3,69 0,00 0,72 

3. MORTAR MIX DESIGNS 
Twelve different mortar mixes were designed according to ASTM C 1260 and TI B 51. 

Mortar mixture designs are given in Table 8. 

Table 8: Mortar Mixture Designs. 

Mortar               
Mix No. 

Binder (%) Aggregate (%) 

Cement Slag  Fly 
Ash F1-Çatalca F2-Cendere 

1 100  -  -  - 100 
2 100  -  - 100  - 
3 75 25  - 25 75 
4 75 25  - 50 50 
5 50 50  - 25 75 
6 50 50  - 50 50 
7 85  - 15 25 75 
8 85  - 15 50 50 
9 75  - 25 25 75 
10 75  - 25 50 50 
11 100  -  - 25 75 
12 100  -  - 50 50 
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4. ASR TEST METHODS 
ASR risks of F1-ÇATALCA and F2-CENDERE aggregates were investigated by short and 

long term tests. Thin sections were prepared from the mortars and microscopic observations 
were carried out. Experimental expansion results were compared with ASR activity on the thin 
sections. 
 
4.1 ASTM C 1260 

The ASTM C 1260 test procedure, short term test, was adopted to evaluate aggregates for 
their ASR potential.  Short term ASR test method means that the tests put the materials in 
conditions that increase the rate of reaction compared to the rate at which it would occur in the 
field. ASTM C 1260 is aggressive because of the high temperature and the high concentration 
of hydroxide used in the test. 

In this test, mortar bars were prepared with twelve different mix designs. The mortar bars 
were then removed from their molds after 24 hours and placed in water at room temperature. 
The temperature of the water was then raised to 80 °C in a cabin, and the mortar bars were 
stored in this condition for the next 24 hours. After the bars were removed from the water, they 
were measured for initial length and then submersed in a 1 normal (N) NaOH solution at 80 °C, 
where they were then stored for 14 days. Length change measurements were made periodically 
during this storage period.  

In ASTM C1260, expansion criteria are specified. Expansions lower than %0.10 is 
considered innocuous, 0.10% -0.20% is considered potentially reactive and above %0.20 is 
considered reactive aggregate. 

4.2 TI B 51 
The TI B 51 test procedure (long term test) was adopted to evaluate fine aggregates for ASR 

potential. In this test, mortar bars were prepared with twelve different mix designs. The mortar 
bars were then removed from their molds after 24 hours and placed in water at room 
temperature. The temperature of the water was then raised to 50 °C in an oven, and the mortar 
bars were stored in this condition for the next 24 hours. After the bars were removed from the 
water, they were measured for initial length and then submersed in NaCl solution at 50 °C, 
where they were then stored for 20 weeks. Length change measurements were made 
periodically during this storage period.  

It is assumed that, at the end of the test period, if the expansion of the mortar bar is higher 
than %0.05 the aggregate is considered reactive. 
 
4.3 Microscopic observations 

Thin sections were produced from the mortars. Fluorescent epoxy was used for producing 
thin sections. ASR sign investigated under polarized microscope with using yellow and blue 
filters.  

5. TEST RESULTS AND EVALUATION 
Physical and chemical properties of F1-ÇATALCA and F2-CENDERE aggregates are 

suitable as concrete aggregates.  
 

6



In Figure 1 thin section photos, with crossed polar light, of F1-ÇATALCA natural sand and 
F2-CENDERE crushed sand are given. 

In ASTM C 295 it is pointed that, alkali-silica reactive constituents found in aggregates 
include: opal, chalcedony, cristobalite, tridymite, highly strained quartz, microcrystalline 
quartz, volcanic glass, and synthetic siliceous glass. Aggregate materials containing these 
constituents include: glassy to cryptocrystalline intermediate to acidic volcanic rocks, some 
argillites, phyllites, graywacke, gneiss, schist, gneissic granite, vein quartz, quartzite, 
sandstone, and chert. According to ASTM C 295 both F1-ÇATALCA natural sand and F2-
CENDERE crushed sand contain constituents that can cause ASR. 

 

 
 

Figure 1: Thin section photos of F1-ÇATALCA natural sand and F2-CENDERE crushed 
sand. Thin section photos were taken with x 50 magnification. 

 
According to the TI B 52 analysis result, if total alkali reactive material content is above 1%, 

the aggregate is considered as reactive. Total alkali reactive material (Porous + Opaline Chert) 
content of F1-ÇATALCA aggregate is 1.4%. 

When the petrographic analysis are evaluated, the aggregates can be considered as 
potentially reactive. 

ASR risks of F1-ÇATALCA and F2-CENDERE aggregates were also investigated by short 
and long term mortar bar tests. In Figure 2 short term test results are given. 
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Figure 2: ASTM C 1260 Test results of 12 different mortar mixes 
 

According to the ASTM C 1260, 3 of the 12 mortar mixes expansion were over the 
compliance criteria. All of those 3 mortar mixes do not contain mineral admixtures in in the 
cementitious phase. As petrographic investigation of aggregates, short term mortar bar test 
results also show both F1-ÇATALCA and F2-CENDERE aggregates are reactive or potentially 
reactive. Test results demonstrated that the usage of the mineral admixture, significantly 
reduced the length change expansion of the mortars. 

Even at such a high temperature and high concentration of hydroxide testing environment, 
the usage of blast furnace slag significantly reduced the length change expansion of the mortars. 

In Figure 3 long term mortar bar test results are given. 
 

 
 

Figure 3: TI B 51 Test results of 12 different mortar mixes 
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According to the TI B 51, 4 of the 12 mortar mixes expansion were over the compliance 
criteria and Mix. 2 expansion was almost at the compliance criteria.  4 of those 5 mortar mixes 
do not contain mineral admixture in the cementitious phase. As petrographic investigation of 
aggregates, as short term mortar bar test results, long term mortar bar test results also show F1-
ÇATALCA and F2-CENDERE aggregates are reactive or potentially reactive. Long term 
mortar bar test results clearly demonstrated that the usage of the mineral admixture, 
significantly reduced the length change expansion of the mortars. 

In Figure 4 both short term and long term final expansion results of 12 different mortar mixes 
are given on the same graph. ASTM C1260 states that the aggregates can be considered 
innocuous if the expansion is below 0,1%, and reactive if the expansion is above 0,2%. This 
statement is further reinforced by the corresponding low TI-B 51 expansion values when ASTM 
C1260 expansion is below 0,1%, and high TI-B 51 expansion values when ASTM C1260 
expansion is above 0,2%. For the expansion values in between 0,1% and 0,2%, ASTM C1260 
requires further investigation. This is also reinforced by the TI-B 51 test, where high or low 
expansion values are measured for the corresponding samples.  

Expansion values above 0,1% and below 0,2% (according to ASTM C1260) need further 
investigation, whether by long term testing and/or thin section analysis of the tested samples. 
 

 

Figure 4: Short term and long term test results of 12 different mortar mixes 
 

Thin sections were produced from the mortars for further investigation. Fluorescent epoxy 
was used in the production of thin sections. ASR signs were investigated under polarized 
microscope with yellow and blue filters.  

According to the ASTM C 1260 and TIB 51 mortar bars thin section analysis, the higher the 
length change expansion, the more the number of ASR signs. According to the microscopic 
investigation, some aggregates were damaged, some aggregates were cracked towards the 
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cement matrix. ASR gel was also observed inside some microcraks. In Figure 5 thin section 
photos of ASR sign are presented. Photos were taken respectively with crossed polar light 
(XPL), plane – polarized (PPL) light and with ultraviolet (UV) light. Thin section photos were 
taken with x 50 magnification. 

 

 
 

Figure 5: Thin section photos of ASR sign 

6. CONCLUSION 
The reactivity rate of aggregates with alkalis depend on the mineralogical properties and 

porosity of aggregates. Therefore, evaluation of aggregates with respect to ASR risk should 
contain not only physical, chemical, petrographic studies and short term mortar bar testing, but 
also long term ASR testing, with mortar or concrete bars, supported with microscopic 
observations.  

It is also observed that mineral admixtures such as fly ash and slag are useful measures for 
ASR mitigation. 
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