Journal of the Korea Institute for Structural Maintenance and Inspection

Vol. 23, No. 2, March 2019, pp.122-129
https://doi.org/10.11112/jksmi.2019.23.2.122

PISSN 2234-6937
elSSN 2287-6979

Z32|EQ| E420l 2 FH AVIXR Hs

Sl whgar, e Hea”

Crack Self-Healing Performance According to Absorption Test of

Fiber Reinforced Concrete

Hae Sik Woo', Byoung Sun Park®, Sung Won Yoo?, Young Cheol Choi'

Abstract: Cracks in concrete structures are inevitable phenomena caused by shrinkage, hydration heat, and external loads. These cracks facilitate the
penetration of external harmful ions into the concrete, which greatly reduces its durability. Recently, self-healing concrete has been actively studied.

Also, self-healing fiber-reinforced concrete have been studied to control the crack in concrete and to maximize the shelf-healing capability. In this study,
mortar specimens containing PVA fiber, fly ash and crystalline admixture were fabricated. The compressive and flexural strength were evaluated. Also,
the self-healing performance was evaluated by the absorption test. From the results, it was confirmed that the amount of water absorbed by healing

of the crack decreased as time increased. It was also found that PVA fiber is beneficial for the production of calcium carbonate, an additional healing

product.
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Fatol] o gk Aolth, w3k HFEHA A L o]20] F7] T2
oj4kslerA Bl Fare] 83l =] o] Sl BAF o] &3 Hh-g-atod
A3 E BLEE(CaCOs)0ll &3 Fxlel o3 A olth (Z.
LV etal., 2014). 3}A| 5 o] & 3 24 -2 3d3] 41 A13] WAy st
H, ¢ Z 100um7HA X 7Fsettia RauEy ok
(Edvardsen. C et al., 1999).
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o}, 3}shEA-8 XA &334 7](X-ray Fluorescence, XRF)S
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2315tk XRF 7]7]138-4 9] oJa) OPC 2] 3}8H4d E(Table 2%
Z)& 7o 2 sl Aol ot FRBER] CS, GS, GiA,
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Table 1 Mechanical Property of PVA fiber
Diameter| Length | Density Tensile |Elongation| Elastic
Type [um] [mm] | [g/om’] Strength | percentage | modulus
W MPa] | [%] | [GPa]
PVA 40 8 1.3 1,600 6 41
fiber

20

Fig. 1 PVA(Polyvinylalcohol) fiber

Table 2 Chemical compositions of raw materials

Chemical Compositions (%)

OPC FA

Na,O 0.17 0.98
MgO 3.06 1.46
AlLOs 4.29 24.30
SiO, 18.50 50.50
P,0s 0.17 0.66
SOs 4.51 2.15
Cl 0.03 0.01
K,O 1.67 1.56
CaO 63.20 9.93
TiO, 0.39 1.24
Fe,O; 3.30 5.96
NiO 0.007 0.013
CuO 0.015 0.011
SrO 0.086 0.124
7Zr0, 0.015 0.015
Sum 99.41 98.91

OPC 2 FA 2] QI =R Z = Fig, 29} o] YERN AL QT Fig.
32 AREE YA E21 OPC ¥ FAS] XRD &S Ve Az Q)
T} OPC2] XRD &l #2498 53] AIHAEE S, S, GA,
C4AF 2 A 3l(gypsum) = o] F017 & 21 & = Atk =
3k FAQ] 2 358 Quartz(SiO,) 2} Mullite(3A1,052S10,) =
TA =0} 9o, B2 (Amorphous) E430l 2J&] 20+ 15 ~
30°Ato]of| A EE-5- 3] 27} AR ATH
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Fig. 3 XRD patterns of raw materials
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Table 3 Mixture proportions of flexural member concrete

Mixture weight (kg/ms)

W | OPC | PVA | SHm | FA S T AF

PFO 375 | 583 0 | 250 0 808 0 0
PF0.5 | 375 | 583 | 6.5 | 250 0 794 | 1.50 | 0.83
PF1.0 | 375 | 583 | 13.0 | 250 0 782 | 1.50 | 0.83
PF1.5 | 375 | 583 | 19.5 | 250 0 768 | 1.50 | 0.83

FA20F0 | 375 | 416 | 0 | 250 | 167 | 744 0 0
FA20F0.5| 375 | 416 | 6.5 | 250 | 167 | 732 | 1.50 | 0.83
FA20F1.0( 375 | 416 | 13.0 | 250 | 167 | 718 | 1.50 | 0.83
F20F1.5 | 375 | 416 | 19.5 | 250 | 167 | 706 | 1.50 | 0.83

“T: thickener, AF : antiformaing agent
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Fig. 4 Experiment of PVA fiber bond performance



Fig. 5 Experiment on flexural performance
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Fig. 6 Absorption test on crack self-healing performance
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Table 4 Measurement time and tolerance

Time Tolerance

1 1 min 2 sec

2 5 min 10 sec
3 10 min 2 min
4 20 min 2 min
5 30 min 2 min
6 60 min 2 min

7 Every hour (up to 6 hour) 5 min

8 Once a day (up to 3 days) 2 hour
9 3 measurement (from 4 to 7 day) 2 hour
10 1 measurement (from 7 to 9 day) 2 hour
11 1 measurement (14 day) 2 hour

PVA 4§ 258 EA1817] 91914, Fig, 451 2o Tl
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Fig. 7 PVA fiber bond-slip result
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Fig. 9 Flexure load results according to PVA fiber content
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Fig. 10 Absorption results according to PVA fiber content
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Fig. 11 Self-healing products of PVA fiber reinforced concrete

using optical microscope (B. S. Park et al., 2018)
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