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Self-Sensing Property of Carbon Fiber—Alkali Activated Mortar
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Abstract: Chopped carbon fiber (CF) was used as a conductive material to prepare alkali-activated slag/fly ash conductive mortar.
The effects of carbon fiber content, stress loading amplitude and loading rate on the conductivity, mechanical properties and
self-sensing properties of carbon fiber—alkali-activated conductive mortar were investigated. The results show that the alkali-activated
conductive mortar reaches the percolation threshold and forms a conductive path when the volume fraction of carbon fiber is 0.2%.
The mixture has a stable self-sensing performance with a high gauge factor at different loading rates and stress amplitudes. The
self-sensing performance of alkali-activated slag/fly ash is the optimum with a gauge factor of 175, which is one order of magnitude
greater than that of carbon fiber—cement mortar, when the stress amplitude is 12 MPa and the loading rate is 2.0 kN/s.
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Table 1 Chemical composition of the fly ash, slag and Portland cement used in this study w/%
Oxide SiO, Al,O3 CaO Fe O3 MgO SO3 Na,O K,O Others LI
Fly ash 55.0 15.1 13.4 6.0 2.8 0.7 1.6 3.8 1.7 1.5
Slag 34.4 16.9 38.1 0.4 6.2 2.3 0.2 0.4 1.1 -1.5
Cement 21.7 6.2 62.0 3.5 L.5 2.9 0.6 1.6 35

w—DMass fraction.

w2 REFHERIMERE
Table 2 Properties of carbon fiber used in this study

Diameter/um Tensile strength/GPa Young’s modules/GPa

w(carbon)/%

Elongation at break/%  Density/(g-cm°)  Electrical Resistivity/(€-cm)

7.0 3.0-3.5 220-240 =95

1.50 1.77 1.5%107°
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Fig. 3 Effect of carbon fiber content on the compressive strength and flexural strength of alkali-activated slag/fly ash mortar and

cement mortar at the age of 28 d
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Fig. 4 Change of resistance change rate with strain and stress for alkali-activated slag/fly ash mortar with different carbon fiber

content under cyclic loading
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Fig. 7 Time course variation of resistance change rate and strain of carbon fiber alkali—activated slag/fly ash under cyclic loading

with different stress amplitude
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Table 3 Performance list of Electrical conductivity and self-sensing

Material composition Conductive material Dosage/% Conduc:tivity/(Q-cm)’1 Self-sensing properties/(Q-MPa™") References
Cement Carbon nanotubes wis 0.5 9x107° 170.0 [23]
Cement Carbon-based admixtures wis 1.5 and 2.0 2.7x10° and 5.0x10”7  4.3x10* and 1.6x10° [24]
Cement Carbon fiber is 0.7 mm ¢is 1.0 0.006 0 [22]
Cement Carbon fiber is 1.2 mm wis 0.5¢is 0.3 0.009 6 GF=29.9 [22]
Alkali-activated slag/fly ash ~ Carbon fiber is 0.6-0.7 mm 9is 0.2 0.006 0 12.5 GF =180.0

GF is gauge factor.
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