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An Experimental Study on Evaluation of Suppression Effect Against ASR
in Steam-Cured Fly Ash Concrete

Nobuhiro Mivano ¥, Yoshimori Kuso **and Kazuyuki Torm **

It has been pointed out that the use of fly ash in concrete is effective in controlling the expansion due to ASR
(alkali silica reaction). In Japan, the tota] amounts of alkalies in concrete has been kept up to 3.0kg/m? as one of the
major countermeasures for ASR suppression. Recently, it is reported that ASR may be accelerated by the steam curing of
PCa concrete even in the case of low alkalies content of less than 3.0kg/m®. On the other hand, the effectiveness of
fly ash on the suppression of ASR in concrete is often evaluated by means of the mortar bar method according to JIS
A1146, however there are some problems that it takes the long time of 3 or 6 months in assessment, and that it can’t
take the pessimum content of reactive aggregate in mix proportions of mortar into considerations. In this study, the
effectiveness of fly ash in steam-cured concrete was experimentally investigated. For this purpose, the steam-cured
fly ash concrete with the replacement percentages by fly ashes was exposed to the accelerated test conditions which
were selected as the factor, the temperature, the water supply, the immersion in saturated NaCl solution and so on.
As the result of tests, it has been found that the accelerated condition exposed to the saturated NaCl solution at 50°C
is most suitable as the rapid test method for the steam-cured fly ash concrete.
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Table 1 Physical properties of reactive aggregates used in study.

Andesite I (R) | Andesite [ (R) | AndesiteII(R) Chert(R) River gravel(R) | Non-reactive coarse(N) | River sand(n) l

Density(g/cmt’) 2.66 2.58 2.56 2.69 2.66 2.6 2.56 |
Absorption(%) 2.65 2.76 2.66 0.9 1.67 2.18 2.88
F.M. 6.81 6.72 7.01 7.18 7.12 6.77 3.08

* R:Reactive coarse aggregate , N:Non-reactive coarse aggregate , n:non-reactive fine aggregate
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Table 2 Mix proportions of concrete.

W/C{ s/a Unit content(kg/m’) Admixture(kg/m”
] ()| W C S S G Adl Ad2

45 | 44 | 160 | 356 | 757 | 757 [ 1016 ] 0.856 | 0.712

*Ad1: Superplasticizer , Ad2: Air entraining agent
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Table 3 Assessment of alkali-silica veactivity of aggregates by various ASR test methods.

Chemical method mortar bar method . . Concrete expansion | Alkalisilica

Coarse aggregate Sc (mmolD)|Re (mmo))] Judge ) Judge Composite of mineral (42days)(%) reactivity
Andesite [ 196 111 X 0.456 X Feldspar, Quartz, Cristobalite 0.364 (@)
Andesite I 649 105 X 0.163 X Feldspar, Quartz, Cristobalite 0.341 (@)
Andesite Il 229 131 X 0.445 X Feldspar, Quartz, Cristobalite 0.137 AN
Chert 403 63 X 0.058 O Quartz 0.103 A
River gravel 184 83 X 0.461 X Feldspar, Quartz, Cristobalite, Mica 0.283 O
Non-reactive 67 118 O - - Feldspar, Quartz, montmorillonite 0.002 -

*1 O:Innocuous X :Deleterious

*2 © :High reactivity O :Moderate reactivity A :Low reactivity
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Fig. 1 Expansion behavior of concretes.
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Table 4 Physical properties of fly ashes used.

FA1l FA2 FA4

Si0, content(%) 60.4 60.99 49.6
Moisture content(%) 0.15 0.04 0.1
Ig. Loss(%) 2.5 2.2 2.1

Density(g/crn’) 2.4 231 223

Specific surface(cm’/g) | 5300 3710 3320
Flow value ratio(%) 109 104 106
Pozzolanic- |28days 90 93 80
activity(%) [91days| 103 101 90

Table 5 Mix proportions of concrete with and without fly ash.

W/B|W/C| s/a Unit content(kg/m’

||| WT CJTFAT S | G [AdI[Ad2

Control 45 | 44 356 765

FA2 (20%) | 45 | 56 | 43 | 160 [ 285 | 71 | 744 | 993 | 0.86 | 0.71

FA4 (30%) 64 | 43 249 | 107 | 727

*Ad] : Superplasticizer , Ad2: Air entraining agent
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Table 6 Mix proportion of mortar with reactive aggregate.

W/B{W/C Content (g)
() (%] W C FA S [NaOH
Control 50 600 0
FA1 (10%) 56 540 | 60
FA2 (20%) 50 63 300 480 | 120 13501 5.19
FA4 (30%) 71 420 | 180

Table 7 Mix proportions of concrete.

W/B|W/C| sfa Unit content(kg/m’

DI | I WT CJTFAT S G | Adl|Ad2
Control 45 | 44 3561 - 1750
FA] (15%) 53 | 4 302 | 53 ] 747
FA2 (15%)| 45 | 53 | 44 | 160 [ 302 | 53 | 744 11016/ 0.86 ] 0.71
FA2 (20%) 56 | 43 284 | 71 | 738
FA4 (15%) 53 | 44 302 | 53 | 741

*Ad1 :Superplasticizer , Ad2: Air entraining agent
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Table 8 Experiment factors for concrete specimen.

Accelerate] Alkalt | Curing Fly ash Replacing
d condition| content| condition ratio (%)
Non-steam| Control 0
q Control 0
40°C
N NaCl FA1 10
100%R.H. steam FAD 20
FA4 30
40°CNaCl | NaCl |Non-steam| Control 0
Control 0
FAIl 15
50°CNaCl | NaOH| steam FA2 15
20
FA4 15
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Fig. 4 Expansion of concrete specimen (control).
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Table 9 Comparison in evaluation between mortar bar and
concrete bar.

: Expansion (%

Fly ash Rel?lac;ng Mortarbar metk?od Cf)nc)rete method
1atio (%) |3 months [ 6 months | 3 months [ 6 months |
Control 0 0.385 (x| 0.456 (3| 0.315 {0.389 (X)
FAl 10 0.029 (0)[0.055 (O)] _ 0.00  [0.207 (x)
FA2 20 0.006 ()[0.016 (O) _0.00 | 0.00 (O)
FA4 30 0.003 (©)[0.012(O)]  0.00 |0.00 (O)

Criteria 0.05% 0.10% — 0.10%

O ! Effective for against ASR X : Ineffective for against ASR
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Fig.5 Comparisons expansion of concrete. (Danish method)

Table 10 Assessment of suppression effect against ASR in
fly ash concrete.

Replacing |Expansion
Fly ash ratio (%) (%) Assessment
Control 0 0.893 X
FAl 15 0.416 Pl
15 0.548 X
FA2 20 0.430 X
FA4 15 0.621 X

o . Effective of against ASR X : Ineffective of against ASR
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