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Effect of Mechanical Restraint due to Steel Microfibers on Alkali-Silica
Reaction in Mortars

Chong-Ku Yi"*
"Dept. of Civil Environmental and Architectural Engineering, Korea University, Seoul 136-713, Korea

ABSTRACT The effect of steel microfibers (SMF) on alkali-silica reaction (ASR) was investigated using two types of reactive
aggregates, crushed opal and a pyrex rod of constant diameter. Cracks are less visible in the SMF mortars compared with the unre-
inforced mortars. Due to crack growth resistance behavior in SMF mortar specimens, the strength loss is eliminated and the ASR
products remained well confined within the ASR site. The expansion and the ASR products were characterized by microprobe anal-
ysis and inductively coupled plasma (ICP) spectroscopy. The confinement due to SMF resulted in a higher Na and Si ion con-
centration of the ASR liquid extracted from the reaction site. The higher concentration reduced the ASR rate and resulted in a lower

reactivity of the reactive pyrex rods in SMF mortars.

Keywords akali-silica reaction, microcracking, expansion, tensile properties, fiber reinforcement
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2.2 Pyrex StCH & ALS 8 A &IH|

PyrexZ QBT Agste #e REELE g A
A (245 x24.5 x 73.5mm)2] F7 A EF Az
Atk ¥-e A A8E pyrexe| Z71(5274001 mm A|F,

245mm ZoDE 4 T F givks e o 22

Table 1
(a) Mix proportions for ASR expansion test
Control 7 vol.% SMF
Cement (g) 440 440
Water (ml) 207 207
Aggregate (g) 990 855
SMF (g) 0 405
(b) Detailed aggregate size distribution
Sieve no. Control 7 vol.% SMF
Sand (g) | Opal (g) | Sand (g) | Opal (g)
8 94 5.0 81 43
16 235 12.4 203 10.7
30 235 12.4 203 10.7
50 235 12.4 203 10.7
100 141 7.4 122 6.4
Total 990 855

8868 188,80 52 GeS® 108U MEHE

Fig. 1 Xorex steel microfibers by Novocon observed under
SEM
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Table 2 Flexural strength of the beam by third point loading

test
Reaction period (days)| Flexural strength (MPa)| Ratio
0 6.66 1.00
Control 7 1.52 0.23
14 2.35 0.35
0 454 1.00
SMF 7 4.02 0.88
14 4.65 1.02

Table 3 Maximum load obtained by compact tension test

Reaction period (days) | Maximum load (N) | Ratio

0 93.88 1.00

Control 7 66.35 0.71
14 58.26 0.62

142.97 1.00

SMF 7 146.12 1.02
14 136.38 0.95

Fig. 2 Micrograph of opal aggregates exposed to 1N NaOH solution for 32 days in control specimen; ASR rim is present around

opal aggregates; microcracks are filled with extruded gel
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T obF 42 ASRO Yoitad BAFUT ASRY
3 A& FLEL 15Y o|F 7E EEEE AHA
A, o] ZA AWAE FEL VIE EEEHE A
o] we gzt kAol A 71ogt (Fig. 4 (o)
SMF 2EEtE AJAL 80°C IN NaOH| A= A 77
do| A Fo= ASRel| 9 FHe ¢S #EL &

A THFig. 4(h)).
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1) Pyrex Hl-AlWEH o] 2~E HFAH ¥-Zo] ASR A

qE
Pyrex Bt 7PgAtElel] vERd ASR A E2] 3483
212 microprobeS A3t oAl Je] A4 (EE, B
, YEE, 74, ¢F0H)0) &g AEste Jer &
&4t Fig. 58 REek29) pyrex The] AAWE 7t

o2 ot Hm

+ Fiber Reinforced Specimens = Control Specimens
50 "
40 A

30 1

A/A, (%)

20 A

10

Days in 1N NaQOH

Fig. 3 Ratio of reacted area of pyrex rod to initial area in

%101 At Fom wkgo] A& AYPHIJ A, 71F R2E normal and SMF mortars in 80°C 1N NaOH(aq)

Table 4 Expansion data and expansion rates of control and SMF reinforced mortar prisms submerged in 1N NaOH solution at 80°C

Days of exposure | Expansion of control (%) | Rate of expansion (%/day) | Expansion of SMF (%) |Rate of expansion (%o/day)
2 0.003025 0.00151 0.000225 0.00011
6 0.004918 0.00047 0.001688 0.00037
9 0.005593 0.00023 0.001860 0.00006
12 0.006100 0.00017 0.002023 0.00005
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(e) ®

(@) (h)

Fig. 4 Backscattered images (actual area size of 6 x 6 mm) of the remaining cross-section of pyrex rod in plain mortar submerged
in 1N NaOH (aq) at 80°C after (a) 0 day, (b) 7 days, (c) 15 days, (d) 42 days; Those of the remaining pyrex rod in SMF
mortar after (e) 0 day, (f) 15 days, (g) 42 days, (h) 77 days

(@) Ca

Fig. 5 Chemical analysis of reaction rim in SMF mortar (element wt.%): a) Ca, b) K, ¢) Si; P, paste; V, empty space filled with epoxy
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Fig. 6 Morphology of the area observed in Fig. 5: P, paste; G1
and G2, ASR product; V, void filled with epoxy.
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