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Fig. 1. Aggregate petrography of the base material (A: normal light, B: Polarized light)

Table 1. Physical properties of aggregates

ucs Prosity Wate_r Satllfr:?tmd Dry unit volume Submerged Satu.rated D_ry
(Mpa) n % absv?lr(%lon weght ( gV\r,/ecgmhg ) (cm3) w&;?)ht w&;?)ht W(Eg;?)ht sample
(gr/icm3)

0.00 0.00 2.87 2.87 118 221 339 339 Z1

3.57 1.28 2.83 2.79 112 205 317 313 zZ2

80.3 0.00 0.00 2.85 2.85 106 203 303 303 Z3

1.36 0.49 2.79 2.77 735 1315 205 204 Z4
1.23 0.44 2.83 2.82 Zaverag

s o5 ol s bl LTy Linle)] ol b8 15 ilejl o 5 (7 JS5) aisls ity (sl piia C1260
(¥ J995) G jlasylas LT ol5 28Ty (gammes, 10 a8 aiwn Job Lialidl aoys o/ F (gl)ls oo Sl
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Fig. 2. The concrete samples made for ASR test according ASTM ¢ 1260
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Table 2. The ASR result of base material ASTM C1260

Sample length (mm)

Expansion Recording time
3 2

average (%)
0.00 304.12 302 302.06 1% day
0.03 304.27  302.07 3021 2" day
0.04 30429 3021 302.19 4 day
0.05 30432 30211 30221 8" day
0.06 304.33 30213  302.24 16 day
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Table 3. Grading requirements according to ASTM C 1260 standard

Wight Sieve No.

percent Remain passing
10 8 4
25 16 8
25 30 16
25 50 30
15 100 50
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Table 4. Determining the weight of materials of different sizes with different percentages of silica

1 0,
Adding20%  Aqging 1596 silica  Adding 10% silica  Adding 5% silica

silica Base Aggregate
Base Silica Base Silica Base Silica Base Silica test(gr) ggreg
Agg.(gr) (g Agg.(gr) (an) Agg.(gr) (an) Agg.(gr) (an)

87.2 218 92.65 16.35 98.1 10.9 103.55 5.45 109 Remain on sieve No. 8
217.6 544 231.2 40.8 2448 27.2 258.4 13.6 272 Remain on sieve No. 16
2176 54.4 231.2 408 2448 27.2 258.4 13.6 272 Remain on sieve No. 30
217.6 544 231.2 40.8 2448 27.2 258.4 13.6 272 Remain on sieve No. 50
1304 326 13855 24.45 1467 163 15485 8.5 163 Remain on steve No.

484 484 484 484 484 cement
227 227 227 227 227 water

ASR oL glo STy diw ailaSis 59953 s O Jgu
Table 5. The results of addition of silica aggregate on alkaline silicate reactions (ASR)

Samples - length expansion %
Added yoy Kl ka2 ka3
Si02% kal ka2 ka3 average
(mm) (mm)  (mm)
1t 29423 29296  292.95 0 0 0 0
2nd 294,29 293 29299 0.02 001 0.01 0.02
5 420435 29305 29302 0.04 003 0.2 0.03

8ih 20441 29312 29313 006 0.05 0.05 0.06
16t 29445 293.14 29315 0.07 0.06 0.07 0.07

1t 29153 29223 29341 0 0 0 0.00
2d 291,65 29227 29348 0.04 0.01 0.02 0.03
10 4h 20169 29235 29355 005 0.04 0.05 0.05
gh 29178 29239 29357 009 0.05 0.05 0.07
16" 291.81 29243 29359 010 0.07 0.06 0.08

1t 29358 29332 294.74 0 0 0 0.00
22937 29341 29485 0.04 0.03 0.04 0.04
15 4t 20378  293.49 294.9 0.07 0.06 0.05 0.06
gih 20381 29355 29496 008 0.08 0.07 0.08
16" 29391 2936 295 0.11 010 0.09 0.10

1t 29516  293.49 293.1 0.00 0.00 0.00 0.00

2 2053 29353 29334 0.05 0.01 0.08 0.05
20

4 20539 29368 29339 008 0.06 0.10 0.08

8th 20545 29373 29343 010 0.08 0.11 0.10
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A Samples - length expansion %
dded day  kal ka2 ka3
Si0O2%
102% (mm) (mm) (mm) kal ka2 ka3 average

16 20548 29375 29354 011 0.09 0.15 0.12
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Fig. 3. Silicate gel resulting from the reaction
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Expansion of samples with different SiO2 volume
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Fig. 4. Changes in the length of the samples during the time with the increase of different percentages of silica
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Fig. 5. Increasing the length of the sample by increasing the percentage of silica aggregate
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Table 5. The results of adding microsilica on the alkaline reactions of ASR

Added Samples - length expansion %
micro  day kal ka2 ka3
silica% (mm) (mm) (mm) kal ka2 ka3 average

1t 2972 297.02 296.4 0.00 0.00 0.00 0.00
22973 297.1 29647 0.03 003 0.02 0.03
4 29734 29711 29651 0.05 0.03 0.04 0.04
8ih 29735 29713 29653 0.05 0.04 0.04 0.04
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Ad_ded Samples - length expansion %
srirllilgz:"ob e (rI:]a#]) (rl](qanz]) (lr:]ar?]) kal ka2 ka3 average
16t 297.37 297.15 296.55 0.06 0.04 0.05 0.051
1t 296.93 297.99 297.87  0.00 0.00 0.00 0.00
2nd - 296.98 298 298.01 0.02 0.00 0.05 0.02
10 4t 297.01  298.03 298.02 0.03 0.01 0.05 0.03
gh  297.02 298.06 298.06 0.03 0.02 0.06 0.04
16" 297.05 298.08 298.07 0.04 0.03 0.7 0.046
1t 29556  296.68 298.49  0.00 0.00 0.00 0.00
229561 29671 29857 0.02 0.01 0.03 0.02
15 4 20565 296.75 29857 0.03 0.02 0.03 0.03
8ih 20567  296.77 2986 0.04 0.03 0.04 0.03
6™ 29567  296.8 2986 0.04 0.04 0.04 0.038
1t 29583 296.64 29613 0.00 0.00 0.00 0.00
2 29583  296.69 29616 0.00 0.02 0.01 0.01
20 4t 20587  296.71 296.19 0.01 0.02 0.02 0.02
8ih 20589 29673 296.21 0.02 0.03 0.03 0.03
16" 29589 296.73 296.23 0.02 0.03 0.03 0.028
effect of microsilica on expantion
0.06 -
0.05 A

Length expansion %
o
o
N

8 10

Time- day

12

14 16

—=— 520%(200)
—t— 515%(200)
—— 506(200)
—0— 10%(200)

Oley Jsb 5o ladiges blucil (lie p Gudiawg S 136 7 S0

Fig. 6. The effect of Microsilica on the expansion rate of samples during the time
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Fig. 7. The effect of adding silica aggregate and microsilica on the expansion rate of the samples
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Abstract
Aggregate is the main component of concrete and plays an essential role in the quality of

concrete. Alkaline silicate reaction (ASR) is one of the most important reactions in concrete that
can lead to concrete destruction .Aggregates containing active silica are responsible for this
reaction, and the higher the amount, the greater the expected volume of reactions. The rate of
increase of the reactions with changes in the amount of silica aggregates is part of the subject of
this research. In this regard, a material was selected as the base material from the mountain quarry,
and the necessary tests were performed on it by adding silica aggregates, 5, 10, 15, and 20 percent,
the ASR test was performed on them according to the ASTM C1260 standard; The results showed
that the expansion of the samples will increase by 0.01, 0.02, 0.04 and 0.06% respectively. Next,
for the effect of microsilica on ASR, 5, 10, 15, and 20% were added to the materials and the
results showed that microsilica reduced the expansion of the samples by 0.009, 0.014, 0.022, and
0.032 respectively and the increase of 20% of microsilica has reduced the expansion of the
samples by 50%.

Keywords: Alkali Silicate Reaction (ASR), Microsilica, Reaction control, Silica aggregate

Introduction
Alkaline reaction of aggregates (AAR) is a chemical reaction between the active mineral components

of some aggregates such as silica and the sodium-potassium hydroxide ion of cement. This reaction

can affect the performance of the concrete structure. Obviously, the amount and intensity of alkaline
silicate reaction is influenced by factors, the most important of which is the presence of silica in the
aggregate, so that the absence of active silica can lead to the lack of alkaline reactivity, and on the
contrary, the higher its value, the more reactions can be expected. Alkaline reaction causes abnormal
internal expansion and cracking of concrete and reduces its strength. Alkaline reaction occurs in two
forms: carbonate (ACR) and silicate (ASR); alkaline silicate reaction is more significant than
carbonate reaction because mineral aggregates containing silica are more common. In the available

*Corresponding author: m.fathollahy@uok.ac.ir
DOI: http://doi.org/10.22034/JEG.2023.17.3.1015262
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sources, the effect of the amount of silica aggregates on the rate of reactions is not seen, therefore, in
the present research, the amount of reactivity has been investigated by increasing the volume of silica
aggregates, and also by adding different amounts of microsilica, its role in reducing the expansion of
the samples has been investigated.
Materials and Methods

To investigate the effect of the amount of silicate aggregates on the amount of alkaline reactivity,
after the field investigation, aggregates were first prepared from an andesitic quarry, and then to check
the alkaline reaction of silicate according to the ASTM C1260 standard, concrete slabs were made
and tested. The results of the alkaline reaction test showed that the selected materials had an increase
in length of 0.06%, which is not dangerous in the classification of their reactivity. Silicate aggregates
were added to the base material and their reactivity was tested. Next, by adding specific amount of
microsilica, its effect on reactivity control was investigated.

Results and Discussion
Adding silicate aggregate
To investigate the effect of silica aggregates on reactivity, 5, 10, 15 and 20% silica aggregates were
added to the base materials and tested according to ASTM C1260 standard. The test results are shown
in Figure 1.

Expansion of samples with different SiO2 volume
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Fig 1. Changes in the length of the samples during the time with the increase of different percentages of silica

The results show an increase in the expansion of the samples with an increase in the volume of silica
aggregates (Figure 2).

Adding microsilica
To investigate the effect of microsilica on alkaline reactivity, 5, 10, 15 and 20% of microsilica were
added to base materials, respectively, and the ASTM C1260 test was repeated. The results of these
tests showed that with the increase of microsilica, the expansion of the samples decreases (Figure 2).
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Fig 2. The effect of adding silica aggregate and microsilica on the expansion rate of the samples

Conclusions

Alkaline reaction is a time-consuming reaction that occurs in concrete after a relatively long period
of time. This reaction causes cracking in the concrete by creating internal stresses and affects its

quality and performance. These reactions are influenced by various factors, one of the most important

of which is the presence of amorphous silica, which causes alkaline silicate reactions. In this research,
the effect of different amounts of silica aggregates on the number of reactions was investigated and
the results showed that with the increase of silica aggregates by 5, 10, 15 and 20%, the length of the
samples will increase by 0.01, 0.02, 0.04 and 0.06% respectively. Also, the results showed that
microsilica acts as an inhibitor agent and its presence reduces the expansion of the samples. The
results also showed that the addition of 5, 10, 15 and 20% microsilica reduced the expansion of the
samples by 0.009, 0.014, 0.022 and 0.032 respectively. An increase of 20% of microsilica has reduced
the expansion of the samples by 50%.



