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Salt Freezing Damage Analysis of Multi-walled Carbon Nanotubes Concrete
Based on Weibull Distribution

CHENG Xu, TIAN Wei'

(School of Civil Engineering, Chang’an University, Xi’an 710061, China)

Abstract: Coupled tests of sulfate corrosion and freeze-thaw cycling were conducted on concrete with different
dosages of multi-walled carbon nanotubes (MWCNTSs).The durability degradation behavior of MWCNTSs concrete
was investigated. Meanwhile, the reliability analysis model of MWCNTSs concrete was established based on
Weibull distribution. The results indicate that the incorporation of MWCNTs effectively enhances the salt freezing
resistance of concrete. After 200 coupled cycles, the compressive strength of concrete with 0.05% MWCNTs
is 14.5% higher than that of plain concrete, achieving the best improvement effect on salt freezing resistance under
this dosage. The proposed reliability model based on Weibull distribution can predict the deterioration of
MWCNTs concrete in a salt freezing environment, and the predicted results are in good agreement with the
experimental data.
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Table 1 Chemical compositions(by mass) of cement and fly ash

Unit: %
Material Ca0 Si0, ALO, Fe,0, S0, MgO Na,0 K,O
Cement 63.28 22.12 6.56 3.50 2.10 1.52 0.37 0.55
Fly ash 3.93 55.25 28.75 6.32 1.70 1.59 0.54 1.92
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Table 2 Physical properties of MWCNTSs
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Fig.2 Damage degree of MWCNTSs concretes under
different salt freezing coupled cycles

Compressive strength and loss rate of specimens with different MWCNT's dosages
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Fig.3 SEM images of MWCNTSs concretes after salt freezing coupled effect
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Fig.4 Pore structure characteristics of concretes with
different MWCNT's dosages
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Fig. 5 SEM images of concretes with different MW CNTs dosages before salt freezing coupled effect
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Table 3 K-S test calculation results

Specimen K-S test calculation value
MCNT-5 0.283
MCNT-10 0.381
MCNT-15 0.218
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Fig.7 Regression analysis results of damage degree of concretes
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Table 4 Related parameters of Weibull distribution

Specimen 0 B

MCNT-5 1.72 298.17
MCNT-10 1.55 248.67
MCNT-15 1.57 273.54
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