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Experimental studies of diphasic electric conduction concrete

applying in the diagnosis of the damnification

DING Yining” , CHEN Longfeng
(State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116023, China)

Abstract; In order to study the relationship between concrete damage and the electric resistance change of electric
conductive concrete, concrete beams containing nano-meter carbon black or carbon fiber subjected to loading were
investigated. The relationship between the resistance change rate of concrete beams and the strain of geometrical
neutral axis was established using an analogy method and a experimental data regression. Based on the damaging
mechanics theory and the relationship above, the expression between degree of damnification and the rate of
resistance change was set up. This self - diagnosis of conductive concrete material provides a new way for the
measurement of the internal damage. The results show that the relationship between the rate of resistance change of
concrete beams and the strain of the geometrical neutral axis can be well fitted by the exponential decay first order
curve before cracking. The sensitivity of the electric conduction concretes can be reflected directly by the slope of the
fitted curve, and the degree of concrete damage can be also indirectly responded.

Keywords: electric conductive concrete; resistance; damnification; analogy; damage degree
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Table 1 Properties of nano-meter carbon black

Specific Volume
Particle size/ Surface
resistance/ resistance/
107 ?m resistance /Q

(107°Q « m) (107°Q « m)

2.0 17 2.3 30.6
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Table 2 Properties of carbon fiber

Density/ Diameter/ Resistivity/
Length/mm )

(g+cm ?) 10 %m (107%Q « m)

1.55~1.60 12~15 6 3~7
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Table 3 Electric conduction phase

Serial Nano-meter
Carbon fiber/ %
number carbon black/ %

Plain concrete NC 0 0
CBo01 0.1 0
Nano-meter carbon CB02 0.2 0
black concrete CBo03 0.3 0
CBo04 0.4 0
CFo04 0 0.4
CFo08 0 0.8
Carbon fiber
CF10 0 1.0
concrete
CF13 0 1.3
CF16 0 1.6
BF14 0.1 0.4
Carbon black - carbon BF18 0.1 0.8
fiber concrete BF24 0.2 0.4
BF28 0.2 0.8
AC power
Conductive /

adhesive tape
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s 160 | 120 | 60| 80 |
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Fig. 1 Sketch of measuring specimen resistance
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Table 4 Comparison between electrical and

mechanical variables

Electric field variable Force-field variable

Current: [ Load: N

Voltage: V Deformation: U
Current density; i=I/A=Ce Stress; c=N/A=FE¢
Generated voltage: e=V/L Strain: e=U/L
Ohm’s law: I=V/R Hooke's law: N=U/0=EAe
Stiffness coefficient:
Resistivity: p:RA/L

B=EA/L=1/8§
Conductivity: C=1/p=L/RA Elastic modulus: E=L/(A8
Kirchhoff’s current law:

D=0

Sensitivity: A=AR/(Re)

Volumetric deformation rate:
A=¢e, te,Te.=constant

Damage degree: D=AE/E
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Fig. 3 Comparison of loading boundary conditions

between electric field and force field
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Table 5 Fitting constants of regressing equation

Serial number Constant m Constant n Constant p Correlation coefficient R?
NC(CB 0% + CF 0%) 16. 21 33.06 —10.33 0.50033
CBO1(CB 0. 1% + CF 0%) 32.31 47,48 —21.05 0. 82466
CB02(CB 0.2% + CF 0%) 34.57 5.21 —39.11 0.76742
CB03(CB 0.3% +CF 0%) 56. 89 85.79 —44. 85 0.92748
CB04(CB 0.4 % + CF 0%) 23. 04 17.57 — 25.56 0.90907
CF04(CB 0% + CF 0.4 %) 27. 87 13.00 —29.74 0.79566
CF08(CB 0% + CF 0.8%) 20. 83 19. 26 —21.25 0. 83359
CF10(CB 0% + CF 1. 0%) 25.55 12. 39 —27.41 0.97752
CF13(CB 0% + CF 1.3%) 12.39 14. 84 —11.00 0.94710
CF16(CB 0% + CF 1. 6%) 42. 96 15.75 —52.68 0. 82598
BF14(CB 0. 1% + CF 0.4 %) 14. 88 95. 04 —12.56 0.95126
BF18(CB 0. 1% + CF 0. 8%) 106. 63 83.70 —82.74 0. 77459
BF24(CB 0. 2% + CF 0.4 %) 12.98 34. 94 —15.24 0. 90456
BF28(CB 0. 2% + CF 0. 8%) 13. 45 68. 90 —16.11 0. 88130
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Fig. 4 Flexural damage of rectangular concrete beam

61 o A3 A TOUR R G 1) £F 4t A A0 ) . | LA

yo+yN _ h
B 53f<1+ )52 (10
1~ €2 &5 AP A BT % A L LA H ok il Ak
L RIRHGNAE . BV &
N‘+N¢:O9 N1y1+NcyC*M (11)
Neo NG TS E A yes v Roaws M R4
fEFIIBE . M=FNL, L R, WA
PG AR 601 0y v F5]HEFE @ E
LS G
o, — ity (12)
h— vy,
ST ff 15
3NL
T Sokh? (13)
/l+y<1
01 bhyo mk (14)
~ —bhy,
03 (h*yo)z (15)
Z S R (R E IR S N Z hr KRy, AR

LI LIRIR T T R B T PRI G A AL ST 05
%’] ;3 ﬁ?ﬂﬂjﬁllﬁﬁfﬁ ;('r9 Hp O':%:Gcr:k/z Hd‘v EE

ZRAD ., AD UK 6 =0.=k/2 A f#15
(y0)e =—0.101h (16)
N = N, = 0. 944kbh* /L a7
R0, (15, AD AR (DB

N.Ly?

€y —

0. 944Eh (h — y)  (h + o)
—0.101h <<y, <O (18

H 2 (15) F1 (5) B 7 %

a%%% (19)
71 = Nulyg 0.9412j;%3*y0)3 =0
o5 = 0. QLL}]:icirllﬁ)oyo)z b
0. 9;1;1\261;13}0)2 2
. — NeoLyo(h =+ yy) (23)

0. 944Eh (h — y,)°
PR AR TN 38 2w Y W HL B Ry T 285 1 %)

HIHLBEA Ry SR (W3R 5 Y =mexp(—X/n) +p
MY 1 X Al LL 4y 50 100AR/R, = w*ﬂ
e AR, T L7 )

e m) (24)

efﬁY%XM:mq R

FH UL T AAS 0, a0 S TR BE 1 A R ) U AR
L MR SE T R R, TER R T 24T,
) 555 5 TR B AT R 20 A L BH . AR = (18) ~
(24) SR AE THAA 32 2 o R 25 0 A . — S
ZNWI R ) AR A A5 AR L

PeAh, 3 5 R A O R EH T LLE
Y=mexp(— X/n) + p T T o Bk £F 4 8 %t 1
CF10 M4 B fe ey » TR O gl U T 5 B ) T
A VN 0 45 47 1 285 4 SR 3% i S e AR R S R4S it 1Y
REE BN,

Sy —Jri, Nl TR Y =mexp(—X/n) + p
AT AR i R R SCRGE 1S IR B+
MOBHE R A R FE Y =mexp(— X/n) +p '
B CENZ M 4R 1 DR AR g XA e L 0. 01, R

A=]0.01Y |= -2 exp(— X/n) (25)

100n
20250 1, it B i 28 A0 L ART v Bl 4k 1) 7
ARG, SR PN T 5 A N, TR ) R
— W AR BOR BT K FEAR, % B8 A WL )2 T
Vi) 22 Ak BV 6 1 P 4 4 AR R A O

5 5 4l

PLCF13 S H iR S 3 R ], 2 i R ~F oy
b=100 mm, h =50 mm, L =300 mm, ¢ HF
E=3.0 X 10" Pa, N, =15. 3 kN, m = 12. 39,
n=14.84, p=—27.41, ¥ X ESHMA AL (18) ~
(25)15%



T A SN HURBE 1 T T R 2 W i R O

« 189 -

ezz(507§£f2§+y0,—1a1<:%5g0(2@
D:%%é%%, 27
S 9.7%5 Tgégiy;§§?-+—yo) (2)
53::__9i%§§£§i%;22 (29)
€3 :(_5%”‘;203})2 (30)
. ::3.2?§gﬂiiij;y0) 31)
& — 14.841n<§i%£%1§——5.859) (32)
A = 8.349 X 10~ exp(— 0. 0674e,) (33)

A t=0CRIM#EBO I, R, =863 Q. e, =0, y,=
0, D=0, A=8.349X10"°, Mk R E, Ht
¢ P Z0 A5 i F B R (B AR A (26) ~ (33) A 453115
S5 IR 6,

*6 CFI3EMGMIEETHEER

Table 6 Calculation results of damage

degree for CF13 concrete beam

Variable Calculation results

t/s 558 1116 1674 2232 2790
R/Q 1344 1657 1934 2145 2376
e/1076 28 34 37 39 41

Yo/ mm —1.02 —1.13 —1.18 —1.21 —1.24
e1/103 —1.22 —1.34 —1.39 —1.42 —1.46
€3/107°6 324 357 372 382 391
51/MPa  —36.6  —40.1 —41.6  —42.7 —43.6
s3/MPa  38.1 41.9 43.6 44.8 45.9
D/% 3.84 4,21 4.39 4.50 4. 60
A/ Ko 1.27 0.84 0.69 0. 60 0.53
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