rE®E I RKFFR
a6t B3 J. University of Shanghai for Science and Technology Vol. 46 No.3 2024

E S 11007 — 6735(2024)03 — 0339 — 08 DOI: 10.13255/j.cnki.jusst.20230221002

BERETEEITRELTIFEAESBITARR

— -~ ~ k3 2
FEE, Kk &, XEFFH, RAF
(RMgERTOR% B 5 @b, Lifg 200093)

HE: FhhFRgt PR ST A0 TR S RAA, LT R H &S % (CF)-3%
Yy (CFP) S Fakst £, @ Xsh g 3o hFRaEtdmiEe X i, £6% MMM
W, P24 AR A | Sy AREAALE L KA A fodf KM AR LR R, R T8 FiRsg LiEL
WEBATH, ARERESFEIThG TR, EREAV.: MERLT LT, b BILFE)E
A, @ EEZ I EHARMGGIERBE T LY, L, RAEHRS SO FREEELTSRE
A RABEGFEBHFRE LRCHEGES ZIEREAFIE; EREGHEAT, FoiaH
ARG ERMFEITARBLEESN,HATBE FBF|RGEXEFEITHLER FHT R4
BRI F R iR e E R FRATA, SHEAERGER TR ARE LA ERE MY,

KEiE: Bt gy, vk, FepHRAEL; EXREFETA; BEKAN
hESES: U414 XEkFRERD: A

Nonlinear conductive behavior of conductive asphalt concrete
under direct current

LI Xiujun, ZHANG Heng, MO Jieqing, SONG Mingyang
(School of Environment and Architecture, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: The conductive mechanism of nonlinear conductive behavior in conductive asphalt concrete is
not clear. Based on the laboratory-prepared carbon fiber (CF)-carbon fiber powder (CFP) conductive
asphalt concrete, the nonlinear conductive behavior of conductive asphalt concrete was investigated by
testing the relationship of the external force field on the electrical resistivity of conductive asphalt
concrete, and by combining the linear stochastic resistor network model, dynamic stochastic resistor
network model, and nonlinear stochastic dynamic resistor model, to clarify the conductive mechanism of
the nonlinear conductive behavior. The results showed that with the increase of carbon fiber content,
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asphalt-aggregate ratio and pressure, the resistivity shows a significant and similar nonlinear downward

trend, and the increase of carbon fiber powder content leads to the first decrease and then increase of

resistivity, and the volt-ampere characteristic curves of conductive asphalt concrete with different

contents show nonlinear characteristics. Under the strong electric field, the nonlinear conductive

behavior of the conductive phase material itself and the nonlinear conductive behavior caused by the

conduction of the carrier channel in the insulating state together lead to the nonlinear conductivity

behavior of the carbon fiber-carbon fiber powder conductive asphalt concrete, and it is proved that the

tunneling effect exists in the conductive asphalt concrete under the electric field.

Keywords: carbon fiber powder; electrical resistivity; conductive asphalt concrete; nonlinear

conductive behavior; tunneling effect
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7T &85, I E IR EE AR ®1 HEERMER
PR S TR R AL LS SE A Tab.1 Physical properties of asphalt
Rl EgE| AR R HE REESK
y \‘l} = s A 3 :

1 }?\-#jj-’l- E -l:itgﬂ H I.f A (25 °C, 58,100 g)/O‘lmm 69.50 T0604 60~80
1.1 E#E Bt FERIE)IC 4630 T0606 >43

A FH AC-13 BV AT AC-16 B W H IR 8t 1, FERE (15 °C, 5 cm/min)/cm 134.40 T0605 >100
%ﬁﬁﬁyﬁ%ﬁ EPE’“{AEE:FZ:E(J 70#‘]54:'5‘ 9 %*/:I'j"jm?l @ﬁj@j&(ﬁo OC )/( Pa~s) 456.00 T0620 =160
BT HLAR  0 F0 7F A R s omes e o

HRIRECANEE 1~3 PR,
J T ERITRET 4t . R4 BREXIEIREE  TES 120, BEIEIIARRE 4ER U BRIETES 120

T ARZFR R, B AT 4E RSB m BRI TR s, FIMABREZEFES 120 s, A MAT #FHHE

HREEE 0.3%, 0.4%, 0.5%, 0.6%, 0.7%; Bk & 120s, Wid B 0 fcE & IR AR i &1

YR BRIRYEREN 1.0%, 1.5%, 2.0%, 4.9%; AC-16 RARHE T, MG Y D ERR K

2.5%, 3.0%. PR BRR 0.98 Q-m. BREF4E . BT 44 1) I AR
WMHFIREE LS T2 e ERTE 175 ¢ PERIILER 4 Fk 5,

R2 AC-13EERER
Tab.2 AC-13 gradation of asphalt mixture

fifiFL/mm 16.0 13.2 9.5 475 2.36 1.18 0.6 0.3 0.15 0.075
LY 100 96.8 82.8 56.2 31.4 24 16.4 10.0 6.0 4.0

R3 AC-16 REHIRE
Tab.3 AC-16 gradation of asphalt mixture

JifL/mm 19.0 16.0 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075

Wi /% 100.0 99.0 90.6 65.1 383 27.8 22.6 17.6 10.5 52 2.9

R4 BTHEERER
Tab.4 Physical properties of carbon fiber

FI {31/ MPa HhE/(gem ) R /GPa HLFER/(Qm) K[ /mm HA%/um

4900 1.75 230 1.5x10° 9 7

RS BRTEMERER
Tab.5 Physical properties of carbon fiber powder

LA B/ MPa AP /um LR/ (Q-m) HAE/um BRE/(grem )
4900 2.1 1.5x10°° 7 1.75
1.2 REFHE FHHFIREE LSS RH (A TEDE

ST R A B IETRWIEAE 160 C 1 RUTEIRASRHAE AR ) (JTG E20-2011) " iy
LA T AR AL, BRI RCE T 160 °C A8 HL N W IR A B 6 AE Dk (a2 ) w2, A
PH L, AR 4ERy, HBESETR RS . FERIRTOIM AR . E R . REF4E. 08,
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Fig.1 Conductive asphalt concrete two electrode method
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Fig.2 Resistivity at different carbon fiber content
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Fig.3 Distribution state of carbon fiber inside the mixture
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Tab.6 Different carbon fiber content and carbon fiber
powder resistivity

FHLIT IRE A+ HLBHAR/(Q'm)
0.5%CF+2.0%CFP 1.94
0.4%CF+2.0%CFP 2.68
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Fig.4 Resistivity at different carbon fiber powder content
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Fig.7 Voltammetry characteristic curve of conductive asphalt concrete
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Fig.8 Resistivity-voltage relation curve of conductive asphalt
concrete
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