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An Assessment on Mitigating Effect of ASR in Fly Ash-Bearing Mortars
with Andesite Stones by ASTM C 1260
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Volcanic rocks such as andesite have popularly been used for aggregates in the Hokuriku District. Therefore,
the andesitic aggregates have contributed to a steady occurrence of alkali-silika reaction (ASR) in concrete. Taking
into account the effective utilization of local materials, so-called “Chisan-chisho”, both the reduction in the environmental
impact and the rationalization of natural resources, positive countermeasures for mitigating ASR by using blended
cements with fly ash (FA) or blast-furnace slag (BFS) are most expected. This paper examines the mitigating effects
of mineral admixtures on ASR of mortars by the accelerated mortar-bar test (ASTM C 1260). As the result of test, the
replacement with FA or BFS at normal percentages recommended by JIS A 5308 decreased significantly the expansion of
mortar bars using reactive andesitic aggregates in the Noto peninsula. Especially, a high-quality fine FA produced in
the Hokuriku District is hopeful in its practical use of concrete mixtures. Furthermore the ASR mitigating effects by
mineral admixtures are assessed with a good performance by the test method “ASTM C 1260".
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Fig. 1 The regional distribution of volcanic rocks and
origin of aggregates.®

Fig. 2 Photomicrographs of original fly ash (a) and
classified fly ash (b : used in this study), taken under
plane polarized light.

Table 1 Physical properties, activity index and ratio of
flow about fly ash (FA) and ground granulated blast-
furnace slag (BFS) used in this study.

. Activity
. Blaine . .
. Density index Ratio of
Material 3 finess
(g/em”) ) (days, %) | flow(%)
(cm?/g)
28 | 91
FA 2.43 4780 91 | 104 107
BFS 2.90 4120 103 | 108 101
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Table 2 Chemical compositions of fly ash (FA) and ground granulated blast-furnace slag (BFS) used in this study (mass%).

Material LOI SiO, | ALO; | Fe,O3 | CaO

MgO SO3 NaZO Kzo T102 PZOS MnO

FA 2.0 53.60 | 2893 | 6.74 3.20

0.77 0.22 0.30 0.72 1.39 0.98 0.09

BFS 097 [ 33.14 | 1419 | 0.33 | 42.96

5.29 1.97 0.25 0.28 0.53 0.01 0.28
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Table 3 The petrographic classifications of ASR stages
based on Katayama et al.!?
Stages The progress of ASR
0 No reaction
I The formation of reaction rims and exudation of
IR ASR sol/gel around the reacted aggregate.
I The formation of ASR gel-filled cracks within
reacted aggregate.
m The propagation of ASR gel-filled cracks from the
reacted aggregate into surrounding cement paste.
v The formation of ASR gel-filled cracks network
and the migration of ASR gel into air voids.
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Table 4 Reactive minerals and other constituents of aggregates observed under a polarizing microscope.

Aggregate Reactive minerals ASR mitigating minerals Other constituents

Andesite A Cristobglite(++),Tridymite(+), Smectite(+) Plgg?oclase, Clinopyroxene, Oﬂhopyroxene,
Volcanic glass(++++) Olivine, Apatite, Quartz, Opaque mineral

Andesite B Cﬁstobalite(++), Tridymite(+), Smectite(+++) Pla}gioclase, Clingpyroxene, Orthoper).(ene,
Volcanic glass(+) Olivine, Phlogopite, Quartz, Opaque mineral

Andesite C Cr.istobglite(++++), . Smectite(++) Plagioclase, Clinopyroxene, Orthopyroxene,
Tridymite(+), Volcanic glass(+) Quartz, Opaque mineral

Abundant ++++ ~ +++ ~ ++ ~ +Few
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AndesiteA

used in this study, taken under plane polarized light.
Gls : volcanic glass ; Crs : cristobalite ; P1 : plagioclase ;
Px : pyroxene ; Sm : smectite ; Opq : opaque mineral
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Fig. 4 Expansion behaviors of mortar bars (ASTM C 1260).
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Fig. 5 Typical crack pattern on the cross-section of
mortar bar (left : OPC ; right : FA15%, BFS42%).



502 A B A

X U Carii U 7=, fotBifst T Cigs S = A LA
DO—fHl% , Fig. 6 12T,

TYCIAM S IZ & AEEMAE SR & Table 51289, 7z,
Z OFERE R L L N —DFIER & ORR 4 Fig. 7
IS8T, FA &2 \M3 BFS 2 L722354, GRERA R
1% OPC L RN LAY, NEBTD ASR Fb Ak = <
KIRL T2 e Td 5. XHICHEICEIT 39
{LFLRE DRGSR & B # LS — DRFERIL Fig. 7 DB
BUIRT & 912, K<HIBLTw A, mibL7z& 51,
FA & %\ 3 BFS ORI & 2l bz kb, #hE8
PEDTIH)IRENPIIH SR EZ LN, 2
D&, eEmEEIc L 2%, B ORI %
WML, ZORIBEEWS AT EDOATIZEL, B
B HWEa Y 7Y — b ORI RS BE S
2ZLICkD, ASRICKZHLIRIL, ThabbigkEL
DOBIfR s E&FD Z L0 RETH D, ASR DFHH R4
ZIERICAEITH D & E A 67,

i 30k B o) FA & BFS ORIGIREER | £HE T
WMER O E R K DB LR % Fig. 81T
. FA & %\ & BFS ORI, 704 )ik & O
HAERNZ & B OGH 2SR IZFRM T & 7=, £72, FAR
BFS OB D2 &M 5 K H 2RV T VINIbAEDE
BPRE L, AEEELAET L T30 E 25

Fig. 6 Photomicrographs of ASR-deteriorated mortar
texture observed under a polarizing microscope
(AndesiteC-OPC-rim : plane polarized light).

Table 5 Results of the petrographic classifications (ASR
stages or max. crack width) about OPC and fly ash
(FA) or ground granulated blast-furnace slag (BFS)
admixed mortars.

Admixture
OPC FA15% BFS42%
Aggregate
. Core | 30-50 u m I 5-10um
AndesiteA .
Rim | 30-50 u m 20 um 20-30 um
. Core 10 u m I I
AndesiteB .
Rim 20um 20um 20-30 um
C 10-30 5 5
AndesiteC (.)re um um km
Rim | 30-40 u m 40 u m 40-50 u m

0.7
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06 O AndesiteA (rim) L /z’ Ooe
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E 0.4 A A
§ ®/ (@)
’
0.3 -, O
& ’
’
o , (@)
0.2 ,
A/ yAN
’
0.1 ) O
A A
1
(o]
(o] I I 10pm 20pum 30pum 40pum  50pm

Petrographic classifications (ASR stages and max. crack width)

Fig. 7 Relationships between 28days expansion and
the petrographic classifications.Broken line runs
along core data.
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Fig. 8 BEI of fly ash (a) and ground granulated blast-
furnace slag (b) in cement paste after ASTM C
1260 (28days).
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