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Alternating Current Impedance Characteristics and Its Equivalent Circuit Model of
High-Impedance and Ultra-High Performance Concrete

HE Bei, CHEN Qing, HE Li, SONG Facheng, JIANG Zhengwu
(Key Laboratory of Advanced Civil Engineering Materials of Ministry of Education, School of Materials Science and Engineering,
Tongji University, Shanghai 201804, China)

Abstract: In order to prevent and control the corrosion damage of concrete structure caused by the stray current generated of metro
operation, a high-impedance and ultra-high performance concrete (HI-UHPC) with 28-day resistivity of greater than 3 k{/m and
compressive strength of greater than 120 MPa was prepared for subway engineering. The parameter influences on the alternating
current (AC) impedance performance of HI-UHPC were investigated by AC impedance spectroscopy. An equivalent circuit model
suitable for HI-UHPC was proposed. The results show that the compressive strength of HI-UHPC can be improved by adding steel
fiber and PVA emulsion powder. The high-frequency arc of ordinary cement-based materials appears at 10-h hydration, while that of
HI-UHPC appears at 1-h hydration. The addition of steel fiber can form the conductive channels via overlapping steel fiber in
HI-UHPC, increase a possibility of free electron transfer and reduce the volume resistance of the matrix. When PVA emulsion powder
is added into HI-UHPC, the interface between the matrix and PVA emulsion powder film is formed, changing the pore structure,
reducing the effective conductive path in the interior of HI-UHPC, and ultimately improving the impedance performance. The
equivalent circuit model of HI-UHPC consists of connected conductive path, disconnected conductive path and insulated path as well.
As the ages increase, the hydration products and polymer films gradually form, the free water in the matrix consumes, and the pore
structure becomes dense, leading to the blocking of the carrier transport channels in the pores. The resistance of connected conductive
channel and the resistance of unconnected conductive channel increase, while the capacitance of unconnected conductive
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channel and the capacitance of insulating conductive matrix decrease.

Keywords: high impedance; ultra-high performance concrete; alternating current impedance spectrum; equivalent circuit model
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Table 1 Chemical composition of cementitious materials w/%
Material SiO, ALO; Fe,04 Ca0 MgO SO; Na,0 K,0 Loss
Cement 20.9 4.56 3.23 65.0 0.647 2.65 0.080 3 0.871 2.0617
Silica fume 96.2 0.191 0.101 0.331 0.571 1.3 0.189 0.332 0.785
GGBS 33.6 12.6 0.343 42.0 6.02 4.09 0.284 0.254 0.809
w is mass fraction.
%2 HI-UHPC MIEC &bt
Table 2 Mix proportion of HI-UHPC kg/m’
Sample No. Cement Silica fume GGBS Water reducer Water Fine quartzsand  Coarse quartz sand  Steel fiber P;i)A\)ve(ir;?lsion
JOo 800 80 220 2.0 330 176 704 0 5.5
WF1 800 80 220 6.6 198 176 704 70
WEFP1 800 80 220 6.6 198 176 704 70 5.5
WEFP2 800 80 220 6.6 198 176 704 140 5.5
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Fig. 1 Physical properties of HI-UHPC
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