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Expansion Behavior of Aggregate of Korea due to
Alkali-Silica Reaction by ASTM C 1260 Method

Kyong-Ku Yun,"* Seung-Ho Hong,z’ and Seung-Hwan Han”

YDept. of Civil Engineering, Kangwon National University, Cuncheon 200-701, Korea
?Pavement Research Group, Korea Expressway Corporation, Hwaseong 445-812, Korea

ABSTRACT The concrete pavement at Seohae Expressway in Korea has suffered from serious distress, only after
four to seven years of construction. The deterioration of ASR has seldom been reported per se in Korea, because
the aggregate used for the cement concrete has been considered safe against alkali-silica reaction so far. The purpose
of this study is to examine the expansion behavior of aggregates of Korea due to alkali-silica reaction by ASTM C
1260 standard method of the accelerated mortar bar test (AMBT), stereo microscopic analysis, scanning electronic
microscope (SEM) analysis, and electron dispersive X-ray spectrometer (EDX) analysis. The results are presented as
it follows. The accelerated mortar bar test (AMBT) showed that mica granite and felsite of igneous rocks, aroke,
red sandstone and shale of sedimentary rocks, slate of metamorphic rock, and dendrite and quartz of mineral rock
showed more expansion than 0.1% at 14 days. But, some sedimentary rocks and metamorphic rocks expanded more
than 0.1 % at 28 days even though they were less than 0.1% at 14 days. The mortar bars, which showed more
than occurred 0.1% expansion, resulted in cracking on surface. SEM and EDX analysis confirmed that the white gel
was a typical reaction product of ASR. The ASR gel in Korea mainly consisted of Silicate (Si) and Potassium (K)
from the cement. The crack in the concrete pavement was caused by ASR. It seems that Korea is no longer safe
zone against alkali-silica reaction.

Keywords : ASR reaction, reaction product, cracks, spalling, cement concrete pavement
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Table 1 Chemical compositions of cement used in test
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Table 2 Type of rocks used in test

ligneous rocks | Sedimentary rocks | Metamorphic rocks
@ sh CER) #4%
I | Rhyolite (5-5-1) Red Siltstone Slate 1
AAEA | BB D)
) Andesite Arkose Slate 2
(Sharen) (341443 A 1)
3 Diabase Red Sandstone Phyllite
G (44A1h G
4 Granite Porphyry Shale leucocratic Gneiss
(P Y | ($uEBeeh
5 Diorite Porphyry Mudstone (125 Augen E}neiss
(15 (g AT
6 Biotite Granite Schist (719})
522339)
7 Two Mica Granite Granite Gneiss
(B 2®3173% (&P Hveh
g Muscovite Granite Quartzite
(&2 539 (3
9| Diorite (A=) Hornfels (&2 2~)
10| Felsite (7+78%) Fek(iigz iu;;m
Amphibolite
(ZH43h

Table 3 Requirement of aggregate for ASTM C 1260 test

Sieve size
Mass (%)
Passing Retained on
4.75 mm (No.4) 2.36 mm (No.8) 10
236 mm (No.8) 1.18 mm (No.16) 25
1.18 mm (No.16) 600 um (No.30) 25
600 pm (No.30) 300 um (No.50) 25
300 pm (No.50) 150 pm (No.100) 15
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Table 4 Expansion results of igneous rocks by ASTM C 1260 test
Expansion percent (%)
Type of rock
7 days 14 days 21 days 28 days
Rhyolite (%) 0.019 0.023 0.022 0.043
Andesite (QFAFS) 0.009 0.005 -0.008 0.006
Diabase (31&%) 0.015 0.027 0.052 0.052
Granite porphyry (S}H71EH) 0.012 0.005 0.047 0.054
Diorite porphyry (*5-%) 0.020 0.021 0.031 0.026
Biotite granite (3 <=3H%) 0.010 0.031 0.049 0.046
Two mica granite (& -537%) 0.066 0.133 0.197 0.195
Muscovite granite (% X 3}73<h) —-0.002 -0.001 0.017 0.011
Diorite (4 5%) 0.023 0.017 0.033 0.029
Felsite (7F74%) 0.040 0.163 0.200 0.237
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Fig. 2 Expansion results of igneous rocks (2)
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Fig. 3 Expansion results of sedimentary rocks
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Table 5 Expansion results of sedimentary rocks by ASTM C 1260 test

Expansion percent (%)
Type of rock
7 days 14 days 21 days 28 days
Red siltstone (&4 7] A —-0.003 0.060 0.130 0.169
Arkose (ALY 0.027 0.117 0.198 0.247
Red sandstone (X_']l él}/\]—?}) 0.044 0.115 0.188 0.223
Shale (M ¥) 0.063 0.150 0.211 0.270
Mudstone (©] %) —-0.008 0.011 0.019 -0.018
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Table 6 Expansion results of metamorphic rocks by ASTM C 1260 test

Expansion percent (%)
Type of rock
7 days 14 days 21 days 28 days
Slate 1 (4% 1) -0.007 -0.003 0.073 0.064
Slate 2 (A% 1) 0.182 0303 0381 0417
Phyllite (317 3b) 0.037 0.059 0.136 0.194
leucocratic gneiss (-5~ 2 H uloh) 0.033 0.079 0.165 0.167
Augen gneiss (RF173Hv¢h 0.002 0.042 0.053 0.048
Schist (G2 %) 0.014 0.041 0.102 0.116
Granite gneiss (37 v} 0.006 0.041 0.097 0.116
Quartzite (F<) 0.003 -0.003 0.014 —0.001
Homfels (&2 2) 0.003 0.028 0.095 0.114
Feldspar quartzite (%34 7% -0.010 -0.006 0.016 0.027
Amphibolite (Z}4]¢h) 0.021 0.086 0.147 0.178
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Fig. 4 Expansion results of metamorphic rocks (1)
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Fig. 5 Expansion results of metamorphic rocks (2)
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Fig. 7 EDX analysis results of aggregate (SEM 1)
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Fig. 8 EDX analysis results of aggregate (SEM 1)
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Fig- 9 EDX analysis results of ASR gel (SEM 3)
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