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Abstract: This study investigated the electromechanical response of smart ultra-high performance fiber reinforced concretes (S-UHPFRCs) under
flexural loading to evaluate the self-sensing capacity of S-UHPFRCs in both tension and compression region. The electrical resistivity of S-UHPFRCs
under flexural continuously changed even after first cracking due to the deflection-hardening behavior of SS-UHPFRCs with the appearance of multiple
microcracks. As the equivalent bending stress increased, the electrical resistivity of S-UHPFRCs decreased from 976.57 to 514.05 k{X(47.0%) as the
equivalent bending stress increased in compression region, and that did from 979.61 to 682.28 k(X(30.4%) in tension region. The stress sensitivity
coefficient of S-UHPFRC:s in compression and tension region was 1.709 and 1.098 %/MPa, respectively. And, the deflection sensitivity coefficient of
S-UHPFRCs in compression region(30.06 %/mm) was higher than that in tension region(19.72 %/mm). The initial deflection sensing capacity of
S-UHPFRCs was almost 50% of each deflection sensitivity coefficient, and it was confirmed that it has an excellent sensing capacity for the initial
deflection. Although both stress- and deflection-sensing capacity of S-UHPFRCs under flexural were higher in compression region than in tension region,
S-UHPFRG:s are sufficient as a self-sensing material to be applied to the construction field.
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Fig. 1 Typical electromechanical response of SH-FRCCs corresponding to different loads
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Cement Silica Silica Silica FSSAs Water Steel fiber Sp’

(Type I) fume powder sand (vol.%)
1.0 0.15 025 050 0.50 0.20 2.0

*SP: Superplasticizer containing 30% solid and 70% water

0.0047

Table 2 Properties of conductive functional fillers

Functional Diameter Length Tensile strength Elastic modulus

fillers (um) (mm) (MPa) (GPa)
FSSAs <390 - - -
Steel fiber 200 30.0 2447 200

(b) Steel fibers

(a) Fine steel slag aggregates

Fig. 2 The images of conductive functional fillers
S-UHPFRCs®] FlEY 2~ 7%=+ 179 MPa©|t}.
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Fig. 3 Specimen for investigation the electromechanical response
under flexural loading
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Table 3 Test result of the electromechanical response of S-UHPFRCs under flexural loading

Electrical resistivity(kQ-cm) Fractional change in the

Notation ({/LI g g) ((ISTLI ?1113) (%)g) (5 r‘rir(l)s electrical resistivity(%)
P Prop Pror FCRop FCRyop
SP1 15.77 0.069 40.90 1.642 1051.37 1040.17 487.24 1.07 53.66
UFC SP2 15.15 0.070 41.73 1.767 973.70 965.09 502.69 0.88 48.37
SP3 13.45 0.063 42.46 1.378 904.63 894.04 552.23 1.17 38.96
Average 14.79 0.067 41.69 1.596 976.57 966.43 514.05 1.04 47.00
STDV. (0.98) (0.003) (0.64) (0.162) (59.94) (59.67) (27.72) (0.12) (6.08)
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STDV. (0.85) (0.003) (1.30) (0.151) (59.19)
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Table 4 The self-sensing capacity of S-UHPFRCs under compression and tension

References (o) € 0 FCR SC;ress SCyrain SCieﬂedwn
(MPa) (%) (mm) (%) (%/MPa) (%/%) (%/mm)

Le etal., 2020 144.0 - - 42.90 0.298 - -
Le etal., 2021(b) 177.1 - - 25.21 0.142 - -
Kim et al., 2021(d) 172.0 - - 47.26 0.275 - -
Le etal., 2021(b) - 1.110 - 37.81 - 34.1 -
Kim et al., 2021(d) - 0.690 - 64.24 - 93.1 -

UFC before cracking 14.79 - 0.067 1.04 0.070 - 15.52

After cracking 26.90 - 1.529 45.96 1.709 - 30.06

before cracking 14.49 - 0.068 0.65 0.045 - 9.56

After cracking 27.09 - 1.509 29.75 1.098 - 19.72
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