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ABSTRACT In this study alkali reactivity of crushed stone was conducted according to the ASTM C 227 that is traditional mor-
tar bar test, and C 1260 that is accelerated mortar bar test method. The morphology and chemical composition of products formed
in mortar bar, 3 years after the mortar bar tests had been performed, were examined using scanning electron microscopy (SEM)
with secondary electron imaging (SEI) and electron probe microanalysis (EPMA) with backscattered electron imaging (BSEI). The
crushed stone used in this study was not identified as being reactive by ASTM C 227. However, mortar bars exceeded the limit
for deleterious expansion in accelerated mortar bar test used KOH solution. The result of SEM (SEI) analysis, after the ASTM C
227 mortar bar test, confirmed that there were no reactive products and evidence of reaction between aggregate particles and
cement paste. However, mortar bars exposed to alkali solution (KOH) indicated that crystallized products having rosette mor-
phology were observed in the interior wall of pores. EPMA results of mortar bar by ASTM C 227 indicated that white dots were
observed on the surface of particles and these products were identified as AI-ASR gels. It can be considered that the mortar bar
by ASTM C 227 started to appear sign of alkali-silica reaction in normal condition. EPMA results of the mortar bar by ASTM
C 1260 showed the gel accumulated in the pores and diffused in to the cement matrix through cracks, and gel in the pores were
found to be richer in calcium compared to gel in cracks within aggregate particles. In this experimental study, damages to mortar
bars due to alkali-silica reaction (ASR) were observed. Due to the increasing needs of crushed stones, it is considered that spec-
ifications and guidelines to prevent ASR in new concrete should be developed.
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Table 1 Chemical compositions of cement (%)

SIOZ A1203 Fezo:,' CaO MgO SO3 Kzo Nazo

205 | 6.0 31 | 616 | 32 2.1 | 095 | 0.12

Table 2 Physical properties of aggregate

Density (g/em’) 2.62
Absorption (%) 1.52
Bulk density (kg/m’) 1,522

Amount of material finer

than no. 200 sieve (%) 0.14

Color lighter than the

Organic impurities .
& p standard color solution
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Fig. 1 Sample preparation for SEM secondary electron image
(SEIl) observation
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Fig. 2 Diamond lab wheel

(a) (b)

(a) Cross section impregnated with epoxy
(b) Cross section polished and coated with carbon

Fig. 3 Sample preparation for EPMA backscattered electron
image (BSEI) observation
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Fig. 6 SEM SE images of a cross section taken from a mortar
bar after ASTM C 227 mortar bar test had been
performed
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Fig. 7 SEM SE images of a cross section taken from a mortar
bar after ASTM C 1260 mortar bar test had been

performed
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performed
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Table 3 EPMA analysis of ASR gel formed on the sedimentary particle

SIOZ T102 A1203 P205 SO3 F6203 MgO CaO Nazo K20 Total
41.31 0.02 13.38 0.05 0.20 1.30 1.10 18.30 6.77 0.20 82.63
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Table 4 EPMA analysis of reaction products in the sedimentary

aggregate
Tetsuya Katayama Karl Peterson
ASR gel (2004) (2006)
A - A - A -
Paste gere Paste gere Paste gere
gate gate gate
SiO, | 46.65 | 61.27 | 4559 | 5243 49.6 54.10
TiO, 0.00 0.01 0.54 0.15 0.00 0.00
ALO; | 0.85 0.13 0.37 3.41 0.30 0.20
Fe,O; | 0.18 0.18 0.00 0.00 0.10 0.10
MgO 0.12 0.05 0.00 0.17 0.00 0.00
CaO 30.86 | 14.19 | 29.20 | 13.87 | 33.40 | 18.00
Na,O 0.01 0.02 3.47 4.50 0.50 2.10
K,0 7.59 7.03 437 8.30 1.20 7.20
SO, 0.08 0.00 0.00 0.00 0.10 0.10
P,05 0.02 0.03 0.09 0.21 0.20 0.10
Total | 86.45 | 82.90 | 84.05 | 83.03 | 85.40 | 81.90
Si/Ca 1.51 432 1.56 3.78 1.48 3.00
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