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Analysis of EIS Method using ANN for Estimating Water-cement Ratio
of Unhardened Cementitious Materials
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Abstract Water-cement ratio is the most important parameter in cementitious materials because it plays a critical

In this study, the water-cement ratio of

electrochemical impedance spectroscopy (EIS) and an artificial neural

role in their strength.

overcome the subjective EIS-based analysis in terms of, for instance,

Different testing set-ups, including 2- and 3-electrode configurations,

fresh cement paste was estimated using
network (ANN). The ANN was used to
the assumption of equivalent -circuits.
were compared in terms of accuracy and

efficiency. A total of 620 data items were employed for training. The water-cement ratio was estimated with an
accuracy of 77% and 75% for the 3- and 2-electrode systems, respectively. The results demonstrate that the ANN
significantly improves EIS-based analysis without subjective decision by operators and results in quantitative
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Network

evaluation. Efficient testing set-ups will be investigated for field applications in future research.

Impedance Spectroscopy, Artificial Neural
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Table 1 Chemical composition of cement
Components CaO Si0, Fe, O, Al, O, SO, MgO Na,O K,O LOI
Mass % 61.09 21.26 3.25 5.38 2.55 2.27 0.15 1.18 2.87

Table 2 Specification of EIS equipment

Table 3 EIS measurement set-up

Applied E Range + 11 volts Frequency range 0.2 Hz-100 kHz
Accuracy + 2 mV, £ 0.3% of setting Points / decade 10
DC Bias +8V AC voltage 10 mV
Scan Ranges +64V,£16V,and £ 04 V Stabil 3-electrode after 100 seconds delay
: . tability
Drift <30 uv/C .. until potential drift of
condition 2-electrode
Nipple and Ripple <20 pV mms (1 Hz - 10 kHz) 0.05 mV/s
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