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ABSTRACT

In Korea, due to the insufficiency of natural aggregates and increasing needs of crushed stones, it is necessary
to examine the alkali-silica reaction of the crushed stones. The reaction produces an alkali-silica reaction gel which
can imbibe pore solution and swell to generate cracks that are visible in affected concrete. In general, crushed
stones are tested by petrographic examination, chemical method and mortar-bar method, but the most reliable
method is mortar-bar test. This study tested alkali-silica reactivity of crushed stones of various rock types using
ASTM C 227 and C 1260, and compared the results of two test methods. This study also analyzed effects of
particle size and grading of reactive aggregate on alkali-silica reaction expansion of mortar—bar. The effectiveness
of mineral admixtures to reduce detrimental expansion caused by alkali-silica reaction was investigated through the
ASTM C 1260 method. The mineral admixtures used were fly ash, silica fume, metakaolin and ground granulated
blast furnace slag. The replacement ratios of 0, 5, 10, 15, 25 and 35% were commonly applied for all the mineral
admixtures and the replacement ratios of 45 and 55 % were additional applied for the admixtures that could
maintain workability. The results indicate that replacement ratios of 25% for fly ash, 10 9% for silica fume, 25% for
metakaolin or 35% for ground granulated blast furnace slag were most effective to reduce alkali-silica reaction

expansion under the experimental conditions.
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Table 1 Chemical composition of cement (%)

SiOZ A1203 F6203 CaO MgO SO3 Kzo NazO
20.5 6.0 31 | 616 32 2.1 095 | 012
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Table 2 Rock types, location, and characteristic features of aggregates used in this study

ANgOg.. Locatl;);g;)égz?giplmg Rock types Characteristic features
1 Buk-Gu, Busan Volcanic rock Recycled aggregate
2 Buk-Gu, Busan Natural sand
3 Ulju-Gun, Ulsan Sedimentary rock | Mesozoic ; Primarily red shale and minor amount of black shale included
4 Jinhae, Kyungnam Altered volcanic | Mesozoic ; Highl_y. altered'near the contact of granite; Minor amount of
rock granitic rock included
5 Kimhae, Kyungnam Granitic rock Mesozoic ; Biotite granite; Abundant weathered rock fragments contained
6 Kimhae, Kyungnam Granitic rock Mesozoic ; Hornblende granite
7 Kimhae, Kyungnam Volcanic rock Mesozoic ; Altered andesite
8 Kimhae, Kyungnam a(j(riir;;gg ?ggk Mixture of two rock types; Artificial sand
9 Masan, Kyungnam Metamorphic rock | Mesozoic ; Primarily hornfels and minor amount of black shale
10 Buk-Gu, Ulsan Volcanic rock Tertiary ; Ryolitic to andesitic in composition
11 Buk-Gu, Ulsan Volcanic rock Artificial sand of No.10
12 | Bonghwa, Kyungbuk | Metamorphic rock | Quartzite
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Table 3 Chemical composition of admixtures (%)

Si0; AlOs Fe03 MgO Ca0O NazO K0 MnO P05 LOI
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Table 4 Proportions of aggregate mixing

Case Mass (%)

Retained on 1 2 3 4
No.8 (2.5 mm) 5 10 5 5
No.16 (1.2 mm) 35 25 5 5
No.30 (0.6 mm) 45 25 55 45
No.50 (0.3 mm) 10 25 20 15
No0.100 (0.15mm) 5 15 15 30

Fineness Modulus 3.25 3.10 2.65 2.40

Table 5 Mixing of mortars

Admixture Unit weight (g)
rig]t?ge?;;lt w/iC Water | Cement | Admixture aggggate
0 047 | 206.8 440 - 990
5 047 | 2068 418 22 990
10 047 | 206.8 396 44 990
15 0.47 | 206.8 374 66 990
25 047 | 2068 330 110 990
35 0.47 | 206.8 286 154 990
45 0.47 | 206.8 242 198 990
55 0.47 | 206.8 198 242 990
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Fig. 1 Specific gravity of aggregates
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Fig. 2 Absorption of aggregates
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Fig. 4 Amount of fine materials retained in
0.08 mm sieve
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Table 6 Major constituent minerals analyzed by XRD

Agg. .
No. Mineral

Quartz, Feldspar, Calcite, Chlorite, Micas,
Hornblende, Portlandite

Quartz, Feldspar, Calcite, Chlorite, Micas

Quartz, Feldspar, Micas

Feldspar, Quartz, Chlorite, Hornblende, Micas

Feldspar, Quartz, Chlorite

Feldspar, Quartz, Calcite, Chlorite, Laumontite,
Hornblende

Feldspar, Quartz, Chlorite, Hornblende, Laumontite

(o] N || |w| —

Quartz, Feldspar, Calcite, Chlorite, Micas

Feldspar, Quartz, Micas, Chlorite

— =
ol =

Feldspar, Quartz, Micas

12 | Quartz, Micas

# The relative abundance of constituent mineral is
greater in  left-hand side.
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Fig. 5 Length change of mortar-bar containing
borosilicate glass
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Fig. 6 Expansion of mortar-bars (ASTM C 227)
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Fig. 8 Expansion of mortar-bars (ASTM C 227)
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Fig. 10 Expansion of morar-bars (ASTM C 227)
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Fig. 7 Expansion of mortar-bars (ASTM C 1260)
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Fig. 9 Expansion of mortar-bars (ASTM C 1260)
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Fig. 12 Cracks caused by alkali-silica reaction of
crushed stones used in the experiment
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Fig. 16 Expansion of mortar-bars with various
replacement ratios of fly ash
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Fig. 18 Expansion of mortar-bars with various
replacement ratios of metakaolin
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Fig. 19 Expansion of mortar-bars with various

replacement ratios of ground granulated blast
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