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The percolation threshold of the CNT-reinforced cement paste is closely related to the optimal CNT amount to maximize the sensing
ability of self-sensing concrete. However, the percolation threshold has various values depending on the cement, CNT, and
water-to-cement ratio used. In this study, a percolation simulation model was proposed to predict the percolation threshold of the
CNT-reinforced cement paste. The proposed model can simulate the percolation according to the amount of CNT using only the
properties of CNT and cement, and for this, the concept of the number of aggregated CNT particles was used. The percolation
simulation consists of forming a pre-hydrated cement paste model, random dispersion of CNTs, and percolation investigation. The
simulation used CNT-reinforced cement paste with a water-cement ratio of 0.4 to 0.6, and the simulated percolation threshold point
showed high accuracy with a simulation residual ratio of up to 7.5 % compared to the literature resuilts.
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1. M B HM7|F=y O2|n X H452 SdAE & Uz B4z B0
= Qlct

EfA LICFE(CNT: carbon nanotube)= 20t 7[AIA, T7| 22 A|UX 222|EQ] UX| 53 et SHMOZ CNT
N O2|1 g8 EYE e Uk ME2 Yt 3& 20kA ol 21 =Yg =& |t Tl AT TA|ICE Wen and
2| AL QITH M E0fME CNTE A[HIE 26z o Chung(2007)2 CNTL| &&E A E(percolation threshold)0f| A
5 NS 9ISt HAMZ EREITX} st B2 STt Adtig|T X7 |4X| 50| SThet=n, Ol= e 2N = LIEHAC
QL E5| Y HTXISS CNTQ| 245t TM7|& ENS &85} 1 SIS0 AT AA™E M| Ml FR Ee MU [=e0t
o Z32|E FAEQ HEIE 2UHY o 4 = AR 23 5456| &7fck= CNTRF 22 T7[HEY M=o 2lds ot
2| E(self-sensing concrete)E X|2rStHt Q/CHLee et al. 2019) Cf, SFXIZH CNTY| RE QUAIEZ2 X7 IAX| Z232EN A=

A7 |AX] 232|E= CNTQF 242 =2 MIIMEM M=ot &2 CNT 12|10 AHES| M=z EA T2|1 & AHE H| S0 et
2= AHE 222, 7Y FE 515 MEIE M7 |N3t Haiot CHISH ZiS LIEHACE et Z&9| ONT 2ds ==6| ¢
oz yte 4 Ql= GLIEE J7]£0[Ct ONTE 10°~10" S/me) sii= gl 7[8rel Chof AR} E7 Il
=2 MJ|IMEEE ZH= L XHE2 (Ramezani et al, 2022), UH ATXES CNTO 2IF LUAMS AEY0IM & 4 Q=
BIMOZ 2 wt % 0[519] M2 =2 ato 2 X7 |UX| 232|E9 2ES XOHSIFCHDoh et al, 2021). SHA|EE 7|& H5L9| THEE
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Table 1. Properties of CNT-reinforced cement pastes
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Pt Properties of CNTs Dispersion method
Ref. w/c o Type of a cement — -
(Wt.%) Type D (nm) | L (um) | Aspect ratio Magnetic stirring (min) | Sonication (min)

D’ Alessandro 0.4 1.0 MWCN 12.5 5.05 404 P.O. 42.5 10 30
Luo, 0.4 2.0 MWCN 30 10 333 P.O. 42.5 15 60
Luo, 0.5 1.4" MWCN 30 10 333 P.O. 42.5 20 60
Moral 0.5 1.5 CNT 12.5 5.05 404 CE I 52.5R (10%) 10
Coppola 0.6 1.0 MWCN 20 10 500 CE I 52.5R 10 10

Pt = Percolation threshold, Luo, = Luo and Duan(2009), Luo, =Luo et al.(2018),
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= volume ratio is 1.31 vol.%, * = High shear mixer.



Fig. 1. Pre-hydrated model of cement paste
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Fig. 2. Designed the shape of the CNT bundle
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Table 2. Percolation threshold according to «

i Simu. Pt (wt.%) Exp. Pt
a=7 | a=9 | a=11 | a=13 | W%
D’Alessandro | 0.45 0.65 1.05 1.45 1.0
Luo, 135 2.15 3.25 3.85 2.0
Luoy, 1.45 2.25 3.05 4.75 1.4
Moral 0.45 0.75 1.05 1.45 15
Coppola 0.65 1.05 1.55 2.15 1.0

* Luo, = Luo and Duan(2009), Luo, = Luo et al.(2018)
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