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Abstract—The purpose of this paper is to discuss the infiaesf
resistance characteristic on the high conductivee considering
the various voltage and environment. The four-ebeld method is
applied to the tailor-made high conductive concreith appropriate
proportion. The curve of resistivity with the chasgof voltage and
environment is plotted and the changes of resfgtare explored. The
result based on the methods reveals that resjstiviess affected by
the temperature factor, and the four-electrode atetivould be an
applicable measurement method on a site inspection.
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I. INTRODUCTION

environment corresponding to the resistance cheniatits of
the high conductive concrete.

Il.  CoNDUCTIVE CONCRETE ANDMODELS

A. Introduction of conductive concrete

The conductive concrete known as a compound cantoet
special purpose not only maintains its basic mechan
property, but also makes it constitute a conductieevork.
The conductive concrete is mixed with a certain amcof
conductive material in the cement. Some part ofailpgregate
in the concrete is replaced by adding metal filzerd metal
substances. With the same function as the resestatticing
agent with a lower resistivity, the conductive cate is

CONCRETE is widely used around the world with uniqueparticularly employed to the reinforced concreted aovad

physical property. The conductive concrete is comigno
to be applied to pave on the roadway to ensureotd smooth,
transportation safety and the airports operatidiciefcy. The
conductive concrete applied to the road surfacé sitow is
particularly effective because the road surface lmamrleaned
rapidly and efficiently. For road maintenance ie trea with
snow in winter, this project becomes significanj-[@]. In
addition, the soil resistivity is the critical cara for a
grounding system to an electrical grounding systdine
conductive concrete with low resistivity charactgds can
increase the promotion of the grounding charadterigor
example, the grounding resistance of the transaomisgiwer
can be decreased if the concrete with conductiaperty
combined with the original grounding grid is apglias the
foundation of tower. The grounding characteristidl we
greatly promoted. In the example, lightning powean de
dissipated to the earth rapidly, and the transmisseliability
can be enhanced. For this reason, many researches
discussed the characteristic of conductive condreteecent
years [4], [5]. The conductive concrete with corttec and

magnetic capacity applied to grounding system woul

moderately reduce the damage caused by lightnidgsarge.
Therefore, the purpose of this paper is to distussesistance
characteristics of the conductive concrete using-fectrode
method and also discusses the influences of volgd
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surface. Moreover, the conductive capacity of catiga
concrete is different according to the conductiveterals and
doping concentration. In this paper, materialspprton and
production procedures applied to the conductivecost® is
adopted from the reference [5]. The main concrettenals are
cement, coarse aggregate, and fine aggregate, had t
proportions for each material are 20%-30%, 15%-2@%4]
15%-20%, respectively. The conductive material (B0%o
further divided to steel fiber (5%), and steel #6%). The
value of water-cement ratio is between 0.3 and 0.4
approximately. The detailed specification is shawiiable .

B. Themodels
The four-electrode method is applied to measure the

TABLE |
MATERIAL AND PROPORTION OF THECONDUCTIVE CONCRETE
Material Proportion Annotation
h Cemen 25% The cement of type
Coarse aggregates 20% Maximum diameter is 30mm
Fine aggregates 15% Maximum diameter is 2mm
Steel fibel 5% Maximum length i 40mmn
Steel gri 25% Maximum diameter 1.42mn

0.4
X The proportion of water is abo15%

Water-cement ratio The weight ratio of watet eement

resistivity of conductive concrete in this papehem, the
resistivity related to time, temperature and vatage obtained.
The measurement method is depicted as follows.

B-I1 The four-€electrode method

1840



International Journal of Electrical, Electronic and Communication Sciences
ISSN: 2517-9438
Vol:4, No:12, 2010

The four-electrode method refers to the four etetds
applied to conductive concrete. The four electrodes
embedded in the conductive concrete in equidistartde. The
two electrodes inside is connected to voltmeter toedtwo
electrodes outside are connected to ammeter, amshd-ig. 1.

This method makes voltage and current of measurir

electrodes separate. Besides, the outside elestavdesupplied
by the DC source and the value of voltage and ntraee
recorded [6], [7].

B-111 The formula

Copper foil
A(area)

Conductive
concrete

|
(length) |

-—

|\

|
| DC source
Fig. 1. Structure of the four-electrode method.

Ohm’s law is applied to the two methods and théstasce
R. of the conductive concrete between b and c, ard

experiment. In order to eliminate the influencesetectrode
and contact resistance, the four-electrode methibld four

Conductive
concrete

Fig. 2. Measured diagram of the four-electrodehmet

pre-embedded electrodes is applied to measureotiguctive
concrete. The required instruments for four-eletgronethod
are shown in Fig. 2.

B. Sep of the measurement

To observe the stabilty and accuracy using
four-electrode method, a better measurement isechoghen
the smaller resistivity without severe change aeetvarying.
Meanwhile, the conductive concrete is placed oatsihd the

tHemperature and environmental conditions are recbrdhe

resistivity o are obtained, as shown (1) and (2), respectivelymeasurement flowchart is shown in Fig. 3, and tepssare

ZR +R :\I/—

I
R=p— 2

P (2)
which

. electrode resistanc®)

: resistance of the conductive concrete betweardixd?)

: the voltage between b and c (V)

: the current flowing through b and ¢

. resistivity of the conductive concre@-(n)

. the length between b and ¢ (m)

. contact sectional area between the conductiverete
and electrode (f

> v -< 3D

1.
A. Thepractical models

A-l The four-electrode method

To avoid fail to obtain the actual resistivity valwf the
conductive concrete. The four-electrode methodpidiad in
this paper. In the measurement, a digital multimete
connected to any of two electrodes, and the medsiaiee is

PRACTICAL MODEL AND MEASUREMENT

composed of the sum of the resistance of the cdivéuc

concrete itself, the electrode resistance, andacomesistance
generated between copper electrode and specimeesefaore,
the four-electrode method is the major measurereithis

briefly listed below.

a. The equipment for

is necessarily prepared

Preparation device:

Stability

.

Eemperatur
test test

Supply the DC source
and record the value

_ of voltage and current

Circuit analysis

Calculate the resistivity
of the conductive concrete
Plot the Plot the
resistivity-time resistivity-temperature

End

Fig. 3. Flowchart of the resistivity measurement.
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four-electrode method.
b. The voltage and current of the conductive conceste
measured using two different methods, and thetréiys

TABLE llI
DATA OF THE RESISTIVITY IN ENVIRONMENT TEST
(FOUR-ELECTRODEMETHOD)

. . \ Drying Wetting
is calculated according to Ohm's law. — —
c. The stability test is recorded once per 60 seconds. Temperature  Resistivity  Temperature  Resistivity
d. The conductive concrete is placed outdoors ands it i (©) (@m) (©) (@m)
measured at different temperature and climate tiondi 18 451 1 2.84]
e. The resistivity-time and resistivity-temperaturevas are 19 4.455 12 2.675
drawn. 20 4.289 13 2.168
f.  The results of two measurement methods are disguss 22 4.03: 13.F 2.09¢
and compared. 23 4213 14 2.057
24 3511 16 2.097
IV. THE DATA AND THE MEASUREDRESULTS 26 3.22: 17 1.89¢
For a better understanding of the influence orréiséstivity
of the high conductive concrete, temperature andidiity are
considered, and the stability of the high condectioncrete is . .
tested using the four-electrode method. The resa® shown T + =
that using the four-electrode method, the generaoéatization o 4D \'/\ —6— |
in process of connecting voltage source can bedadoand E i \
contact resistance between electrode and the ctweluc G e
concrete is also reduced. Therefore, the resigtingasurement @ 39 =
of the conductive concrete at different voltagbased on the £, .
four-electrode method. é \_
) T 20 -l"""\.
A. Time 2
The conductive concrete is not a general dry soléderial. -
Ui [/ - S A TR L R R S
TABLE Il temperature("C)
DATA OF THERESISTIVITY IN STABLE TEST
Date Measurement mir?ute mir?ute mir?ute mir?ute Fig. 4. Relation curve of resri:g;/ri]tc))/dénd temparatin fourelectrod:
Dayl —Four-electrode  2.154 2104 2033 1921 temperature and climate as well, as shown in Fig. 4
Day2 Fourelectrod — 2.22;  2.14¢  2.15¢ 2.16:
Day 3  Four-electrode 2.289 2.286 2.300 2.318 C. Voltage
Day4  Four-electrode  2.353  2.381  2.346 2.420 The experimental results have shown that four-eidet
Day5 Four-electrod  2.42¢  2.46¢  2.50] 2.49¢ method is considered a better measurement methudared
Day6 Four-electrode 2575 2599 2571 2563 with others. By using the four-electrode methodge th
Day7 Four-electrode  2.623 2626  2.653 2,641 measurement error caused by polarization can bensed
When connected to voltage source, the conductivéicles indeed and the actual value of the resistivityhaf tonductive

inside

voltmeter and ammeter and results in measuremssrt &very
time. In order to understand the stability and amcy of
four-electrode method in the process of measurentéet
stability of conductive concrete is firstly testéthe data in
terms of the four-electrode method is recorded ofife
seconds, and 10 data are recorded in one daylyitedse data
are applied to calculate the resistivity in thet afi(Q-m). The
result of the 7-day measurement is shown in Table.

B. Temperature and moisture of the environment

The conductive concrete is placed outdoors. Torobsine
influence of conductive concrete on resistivity different
environments, including dry and wet conditions, theorded
data comprising the measurement values in sunnyraing
days are compared. The measurement data usinglectrode
method is shown in Table Ill. Besides, these dagaldtted to
observe the curves related to resistivity, and @utd

of the conductive concrete are affected. sTh
phenomenon displays the unstable data obtained fro

concrete can be calculated. In addition to considethe
%‘%ctors of time, temperature and humidity, the felectrode
method is also employed to measure the resistivityhe
conductive concrete at different voltages (10V-60\Mhe
values of the voltage and current are recorde@3adays, and
the resistivity curves with different voltage aréotted, as
shown in Table IV and Fig. 5, respectively.

V. ANALYSIS AND DISCUSSION OF THE RESULTS

The resistivity of the high conductive concretengsthe
four-electrode methods is investigated. The rastsa
characteristics are observed and the diversity haf two
methods is compared. Since the pore solution ofdineluctive
concrete is gradually decreased in the dry enviemtmand
steel fiber and steel grit would go rust slightiythe alkaline
environment of cement, the conductive capacityredgally
decreased. For this, the two factors directly iaflce the
current and make the resistivity increase. The lresfuthe
stability has shown that resistivity of the condustconcrete
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TABLE IV
RESISTIVITY TABLE AT DIFFERENTVOLTAGE IN FOUR-ELECTRODEMETHOD
Date 10V 20v 30V 40V 50V 60V

Day 1 483 391 328 282 261 241
Day 2 494 395 331 290 263 244
Day 3 529 428 358 313 284 262
Day 4 559 446 373 325 294 274
Day 5 587 476 399 350 317 293
Day6 6.15 4.8¢ 41C 35¢ 322 299

Day 7 6.26 497 412 360 326 3.02
Day 8 6.35 5.04 420 367 333 3.07
Day 9 6.79 538 442 389 352 325
Day 10 6.47 522 435 379 343 317
Day 11 642 522 435 378 342 315
Day 12 706 558 482 408 370 342
Day 13 736 582 487 424 384 355
Day 14 771 6.01 504 439 397 3.68
Day 15 8.1€ 636 53z 463 4.0€ 3.E&7

Day 16 769 6.15 517 455 413 3.82
Day 17 779 6.16 516 450 4.08 3.79
Day 18 825 642 536 472 429 3.99
Day 19 877 6.85 573 501 454 420
Day 20 880 700 585 510 4.62 4.27
Day 21 920 725 6.05 528 478 4.40
Day 22 924 732 6.09 535 488 453
Day 23 971 767 640 559 506 4.67
Day24 886 7.07 59C 517 4.6 4.3C

Day 25 905 715 593 518 469 431

9 j\h

i —n—10v
7 .,.—"’ —.—30V
— 30V

6 —y—d0V
5J/» daa’** 50V
o _‘a\ —d— 0V
»—-”J («4“‘ —
i AT 4,4.4..‘—
3 H""'; -4-4“""‘

resistivity p (Q +m)

3 0 15 = i
time(day)

Fig. 5. Relation curve of thesistivity and day with different volta
four-electrode method.

significantly increases and the resistivity curisoaise.

On the other hand, the conductive concrete withe pof

solution is capable of either absorbing or evapogawvater
depending on the moisture change, for this reagsba,
resistivity of the conductive concrete is varied #w®
environment change. By observing Fig. 4, when tirdactive
concrete is placed outdoors, the resistivity of theductive
concrete is influenced by temperature and humiditg higher
the temperature and humidity are, the lower resigtis, as
shown in Table lll. Considering the influencing tiacof the
internal water, after the concrete hydration, maoyic
substances, electrolytes, is dissolved in the wated

interconnected by capillary. Therefore, as the wistereases,
the conductive concrete of conductivity is increhsed the
tightness of the concrete structures is maintai@mnparing

the factors between temperature and moisture gfistivity of

conductive concrete is evidently to be affectedvayer content.
In this way, the warm and humid environment resaleslower

resistivity for conductive concrete.

According to Table IV, the resistivity changes s power
source is supplied to conductive concrete at diffevoltage
levels. The larger the connected voltage sourdbédarger the
power inputted to internal concrete is. Due to timious
warming phenomenon, the resistivity is graduallgrdased.
Moreover, the environment temperature is less amfbed on
the resistivity of the conductive concrete. If gwver source is
supplied to the conductive concrete by higher ga&taource,
the conductive concrete inside brings warming readirectly
which makes internal temperature of the conductimecrete
increase, and the resistivity of conductive coreticrease.

VI. CONCLUSION

The resistivity of the high conductive concretednputed
in this paper using Ohm'’s law, and the four-eledtraethod is
applied to measure and record in different cond#jancluding
time, temperature and voltage. The results havevishibat
either the higher temperature or the higher humidisults in a
smaller the resistivity. In addition, the voltaghaoge also
affects internal temperature and the structuréefconductive
concrete. The greater the voltage is, the smdieresistivity
is. In sum, the resistivity of the high conductaancrete is not
a constant value. The resistivity is not only sligibhanged day
by day, but also affected by external environmehhe
four-electrode method can be applied to elimin&ie error
caused by polarization and obtain approximate vatfie
resistivity of the high conductive concrete. The aseed
average of the resistivity of the conductive coterés
6.762-m). Both the applications of four-electrode metbad
be considered a reference for measuring the nagystelated
to specific material in the future.

Generally, the conductive concrete is widely used f
deicing; however, this paper focuses on the appbicaof
conductive concrete to grounding system. The inamort
parameter, resistivity, is an indicator in termsgobunding
system. The resistance characteristics of the aiivdu
concrete are obtained based on the proposed methdd
measured data in this paper. The characteristighethigh
onductive concrete corresponding to the groundiagdard
completely can be applied to grounding effectively.
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