
m

T
a

d

RCON2

CONCRE

OVERVIE

Giatec RCO
method. RC
continuously
The electrica
and their co
electrical res
diffusivity.  

™ 

ETE ELE

W 

ON2™ is an
CON2™ em
y obtained us
al resistivity o
onnectivity, m
sistivity has 

CTRICAL

n advanced t
mploys AC 
sing its custo
of concrete c
moisture con
been correla

L RESIST

tool for the
impedance 

omizable and
can be simpl
ntent in the 
ated well wi

TIVITY M

e electrical r
technique f

d user-friendl
ly related to 
pores and p
ith importan

METER 

resistivity me
for the accu
ly operating s
their pore ne

pore solution
nt durability 

easurement o
urate and f
software for 
etwork chara
n chemistry. 

parameters 

of concrete 
fast readings
various con

acteristics su
In concrete
such as pe

using uniax
s that can 
crete materia
ch as pore si

e materials, t
ermeability a

xial 
be 

als. 
ize 
the 
nd 

(ES) Equipements Scientifiques SA - Département Bio-Tests & Industries - 127 rue de Buzenval BP 26 - 92380 Garches
Tél. 01 47 95 99 90 - Fax. 01 47 01 16 22 - e-mail: bio@es-france.com - Site Web: www.es-france.com



I
d

F

M

m

a

w

In addition, 
different age
concrete. Th
creep, aggreg

FEATURE

 Fast 

 Accu

 AC m

 Wide

 Phas

 Stand

 Cont

 User

 Flexi

 Cust

 USB

MEASURE

Giatec RCO

measures th
calculated fro
are used as s

where .c

specimen, an

this non-de
es or various 
he electrical 
gate segregati

ES  

(<5 Second)

urate (±2%) 

measurement

e range of me

e detection (

d alone opera

tinuous meas

r-friendly PC 

ible sample h

omizable set

 connection 

EMENT C

ON2™ applie

e voltage be
om measured
hown in Fig.

cm] is the res

nd Z  is th

estructive te
stages of hy

resistivity m
ion and freez

) 

t (Galvanosta

easurement f

(0-180 degree

ation 

surement 

software 

holders 

tup 

to computer

ONCEPT 

es a small alte

etween the t
d voltage and
. 1. Concrete

	

sistivity, A [c

he impedanc

Figure 1

st can be ea
ydration in o

method has al
ze and thaw 

atic) 

frequencies (

e) 

r 

ernating curr

two ends of 
d applied cur
e resistivity is

cm2] is the c

ce (resistance)

1: Concrete sp

asily conduc
rder to study
lso been app
of concrete s

(1Hz to 30kH

rent at intend

the concret
rrent values. I
 then determ

Eq. 

ross-sectiona

) measured b

pecimen place

cted on fres
y workability
plied to inve
since they aff

Hz) 

ded frequenc

te specimen.
In order to a

mined using th

 1 

al area of the

by the device

ed between t

h or harden
y, setting and
estigate corro
ffect the pore

cies without 

 The imped
apply the cur
the impedanc

e specimen, 

e. 

two plates 

ned concrete
d durability p
osion of reb
e network pro

causing any 

dance (Z 
rrent, two co
ce value as fo

L [cm] is the

e specimens 
performance
ar in concre
operties.  

disruption a

) can then 
nductive plat

ollows: 

e length of t

at 
of 

ete, 

nd 

be 
tes 

the 

(ES) Equipements Scientifiques SA - Département Bio-Tests & Industries - 127 rue de Buzenval BP 26 - 92380 Garches
Tél. 01 47 95 99 90 - Fax. 01 47 01 16 22 - e-mail: bio@es-france.com - Site Web: www.es-france.com



T
t

T

A

R

A

r
p

The current 
the imposed
scale may va

The phase o
current (See 

APPLICAT

RCON2™ i

A) PERFOR

Concrete ele
concrete (as 
resistivity an
performance

Ch

signal genera
d current to o
ry from 10µA

of the imped
Fig. 2-b).  

TION 

s a unique to

RMANCE-BA

ectrical resist
per ASTM 

nd durability 
e-based quali

Tab

hloride Pene

High 

Moderate

Low 

Very Low

Negligibl

a) Imp

ated by the d
obtain the im
A to 1 mA. 

dance is calcu

ool to investig

ASED QUALI

tivity techniq
C1202 or A
performance
ty control of

ble 1: Rapid c

etration 

e 

w 

le 

pedance measurem

F

device is sinu
mpedance (S

ulated by det

gate the micr

ITY CONTR

ques is a suit
AASHTO 277

e of concret
f concrete. 

chloride perm

56-Day
Permeabilit
per ASTM

2

1

ment concept

Figure 2: Impe

usoidal. The v
ee Fig. 2-a). 

termining th

ro-structural 

ROL OF CON

table replace
7) since ther
te (See Table

eability and b

y Rapid Chlo
ty Charge P

M C1202 (Cou

>4,000

2,000-4,000

,000-2,000

100-1,000

<100

b) M

edance measu

voltage meas
Based on th

he difference 

properties o

NCRETE

ement for th
re is a good 
e 1). Therefo

bulk electrica

oride 
Passed as 
ulombs) 

Measurement bloc

urement conc

sured across 
he value of t

between the

of concrete in

he Rapid Chl
correlation b

ore, this tech

l resistivity va

28-Day 
Resistiv

Concr

cks

cept 

the specime
the impedan

e phase of th

ncluding:  

loride Perme
between the 

hnique can b

alues1 

Bulk Electr
vity of Satura
rete (kΩ.cm

<5 

5-10

10-20

20-200

>200

en is divided 
nce, the curre

he voltage a

eability Test 
bulk electri

be used for t

rical 
ated 

m) 

by 
ent 

nd 

of 
cal 
the 

(ES) Equipements Scientifiques SA - Département Bio-Tests & Industries - 127 rue de Buzenval BP 26 - 92380 Garches
Tél. 01 47 95 99 90 - Fax. 01 47 01 16 22 - e-mail: bio@es-france.com - Site Web: www.es-france.com



A

r

I
p
a
t

B) DIFFUSI

An almost 

conductivity 
reported by G

C) CORROS

Investigation
propagation 
al.4  have gat
the contribu
corrosion (T

ION OF CHL

linear correl

(1/, where
Ghods et al. 

SION OF RE

ns have foun
period. The 

thered a com
uting factors
Table 2). 

Ta

Figure 3

LORIDE IN 

lation betwe

e  was mea
(see Fig. 3)2.

BAR IN CON

nd correlatio
corrosion ra

mprehensive li
. In general

able 2: Relatio

Resistivit

>

10

5-

<

3‐ Relation be

R

0

5

10

15

20

0.0

D
iff

us
io

n 
C

oe
ffi

ci
en

t (
m

2
/s

 ₓ
 1

0
-1

2
)

CONCRETE

een chloride

asured using
.  Similar find

NCRETE

ons between 
ate often has
iterature revi
l, higher elec

on between co

y (k.cm)

20 

0-20

-10

<5

etween electr

concrete fo

R² = 0.9304

00 0.0

C

E

 diffusion c

g uniaxial tec
dings have be

concrete res
 an inverse c
iew on the re
ctrical resisti

oncrete resist

Se

L

Low to

H

Ver

rical conducti

or twenty mix

01 0.0

Conductivity, 1

coefficient d

chnique with
een reported

sistivity and 
correlation to
elation of cor
ivity of con

tivity and seve

everity of co

Low corrosio

o moderate c

High corrosio

ry high corro

ivity and chlo

xture propoti

01 0.02

1/, S (ῼ.m)-1

determined t

h AC current
d by Sengul an

both, the c
o the electric
rrosion rate a

ncrete lowers

erity of corro

orrosion 

on rate 

corrosion rate

on rate 

osion rate 

oride diffusion

ions2 

2 0.02

through pon

t at 1 kHz f
nd Gjørv3. 

orrosion init
cal resistivity.
and electrical
s the risk an

sion5

e 

n coefficient o

2

nding test a

frequency) w

tiation and t
. Hornbostel
l resistivity a
nd the rate 

of 

nd 

was 

the 
et 

nd 
of 

(ES) Equipements Scientifiques SA - Département Bio-Tests & Industries - 127 rue de Buzenval BP 26 - 92380 Garches
Tél. 01 47 95 99 90 - Fax. 01 47 01 16 22 - e-mail: bio@es-france.com - Site Web: www.es-france.com



D

T

h

E

t
a

D) SETTIN

The concept
cement, mor
concrete usin
hydrating cem

Figure 4‐ C

E) MOISTU

One potenti
Several resea
the applicatio
al. used elect

Figure 5‐

G TIME OF 

t of electrica
rtars and co
ng electrical 
ment-silica fu

Comparison b

URE TRANSF

ial applicatio
arch have sho
on and reliab
trical resistivi

‐ Comparison

1

1

2

S
et

tin
g 

T
im

e 
by

 R
es

is
tiv

ity
  (

ho
ur

s)

FRESH CON

al resistivity h
oncrete. Li e

resistivity (F
ume system u

between settin

FER IN CON

on of electri
own that the
bility of the m
ity technique

 between wa

in

0

5

10

15

20

0 2

NCRETE

has been use
et al.6 have i
Figure 4). G
using A.C. im

ng times of fr

NCRETE

ical resistivity
e electrical re
method to d
e to monitor 

ter content of

ndirectly by e

4 6

Setting Time

ti= initial set

ed to develop
investigated 

Gu et al.7 also
mpedance sp

resh concrete 

y method is
sistivity is sig
etermine the
the water co

of hardened co

lectrical resis

8 10

e by Penertra

ting time, tf=

p test metho
the hydratio

o investigated
ectroscopy.

 using ASTM 

s to determi
gnificantly af
e moisture co
ntent of con

oncrete obtai

stivity techniq

0 12 1

ation Test (ho

= final setting

ods for deter
on process a
d the micros

C403 and ele

ine the moi
ffected by m
ontent is yet 
ncrete in large

ined directly b

que8 

14 16

ours) 

ti

tf

g time

rmining the 
and setting 
structural ch

ectrical resisti

sture conten
oisture conte
to be studie

e elements (F

by drying tech

18

setting time 
times of fre

haracteristics 

vity method6

nt of concre
ent8,9; howev
d. Shekarchi

Figure 5)8.  

hnique and 

of 
esh 
of 

ete. 
ver, 

et 

(ES) Equipements Scientifiques SA - Département Bio-Tests & Industries - 127 rue de Buzenval BP 26 - 92380 Garches
Tél. 01 47 95 99 90 - Fax. 01 47 01 16 22 - e-mail: bio@es-france.com - Site Web: www.es-france.com



F

T
p
p

r
n

F) MICRO-

The electrica
parameters c
presence of 
of cracks in f
resistivity ch
number of re

Fig

CRACK DEV

al resistivity t
could affect t
steel rebar o
fiber concret
hange and m
esearchers12,1

ure 6‐ The ch

VELOPMENT

technique can
the readings i
on electrical r
te beams usin
micro-cracks 

3 (Figure 6).  

hange in elect

T IN CONCR

n also be use
in this case. S
resistivity of
ng electrical r
developmen

trical resistivit

Micro-crac

RETE

ed to detect c
Salehi10 carrie
f concrete. W
resistivity tec
nt in reinfor

ty with the de

load13  

ck development

cracks in con
ed out a num

Wiwattanacha
chnique. Rec
rced and un

evelopment of

t zone 

ncrete. Howe
merical study 
ang11 also inv
cently the rela
nreinforced c

of micro‐crack

ever, it is not
on the effec

vestigated th
ationship bet
concrete was

ks in concrete

ted that seve
ct of cracks a
e developme
tween electri
s studied by

e under tensile

ral 
nd 
ent 
cal 
y a 

e 

(ES) Equipements Scientifiques SA - Département Bio-Tests & Industries - 127 rue de Buzenval BP 26 - 92380 Garches
Tél. 01 47 95 99 90 - Fax. 01 47 01 16 22 - e-mail: bio@es-france.com - Site Web: www.es-france.com



T

M

N

TECHNIC

Reading R

Reading R

1 -100 Ω 

0.1-1K Ω 

1 -10K Ω 

10 - 100K Ω

0.1 - 1MΩ 

Measurem

Frequency

1Hz - 4Hz 

5Hz - 30KH

Operating 

Type  

Operating t

Operating h

Storage tem

Storage hum

Operating v

Dimension

Data acquis

Note: Specifica

CAL SPECI

Range and A

Range 
Fr
sp

1H

Ω 

1H

ment Time 

y Sa

5 s

Hz 1 s

Condition

temperature  

humidity 

mperature 

midity 

voltage/curre

s 

sitions softwa

ations are subje

IFICATIO

Accuracy 

requency 
pectrum 

Hz - 30KHz 

Hz - 10KHz 

ampling tim

seconds 

second 

s 

ent 

are (PC softw

ect to change wi

ONS 

Phase 
measure

0-180°

me Reading

10 secon

2 second

Val

15
30%

0C
5%

100

200

ware) Yes

ithout notice. 

ement 
Im
ac

±
±

g time (mini

nds 

ds 

lue 

C - 45C 
% - 80% 

C - 60C
 - 90% 

0 - 240 V, 50/

0 x 230 x 70 m

s 

mpedance 
ccuracy 

±2% 
±2digit 

imum) 

/60 Hz 

mm 

Pha

5%
±3d

ase accurac

% 
digit 

cy 

(ES) Equipements Scientifiques SA - Département Bio-Tests & Industries - 127 rue de Buzenval BP 26 - 92380 Garches
Tél. 01 47 95 99 90 - Fax. 01 47 01 16 22 - e-mail: bio@es-france.com - Site Web: www.es-france.com



p

2
m
t

4
r

M

E

R

E

REFEREN

1. Shane, J.D
pore solutio
Concrete Sci

2. Ghods, P
measuring el
the Intl Con

3. Sengul, O
Construction

4. Hornbost
rate – A liter

5. ACI Com
Concrete Ins

6. Li, Z., Xi
Measuremen

7. Gu P., Xi
Characteriza
157–168. 

8. Shekarchi
Electrical Re
1409-1414. 

9. Brameshu
Concrete Co
85-CD Inter
16-19.

10. Salehi, M
concrete resi

11. Wiwattan
electrical resi

12. Pacheco,
Resistance In
Cementitiou

13. Lin, V. W
carbon black
Engineering,

NCES 

D., Aldea, C.M
on changes i
ience and En

P; Chini, M.;
lectrical resis
f. on Young 

O., Gjørv, O
n”. ACI Mate

el, K; Larsen
rature review

mmittee 222R
stitute, Farmi

iao, L., and 
nt”, Journal o

e, P., Beaudo
tion of Hyd

i, M., Debick
esistivity for 

uber, W., R
over using th
rnational Sym

M. (2013) “Nu
istivity measu

nachang, N.,
istivity imagi

, J., Šavija, B
n Reinforced
s Composite

W. J., Li, M., 
k ECC”, Pr
, Civil Infrast

M., Bouxsein
induced by 

ngineering, V

 Hoseini, M
stivity”, Intl. 
Researchers'

. E. (2008), 
erials Journal

n, C. K., Gei
w”, J of Ceme

R-01 (Reappro
ington Hills, 

Wei, X. (20
of Materials in

oin, J. J., and
drating Ceme

ki, G., Billar
Moisture Co

Raupach, M.,
he Multi-ring
mposium, No

umerical inve
urements usi

, Giao, P. H
ing”, Journal 

B., Schlangen
d And Unrein
es, Amsterdam

Lynch, J. P.,
oc. SPIE 79
tructure, and

n, N.F., Maso
rapid chlori

Vol. 1, pp. 110

M., Alizadeh 
Cong. on G

' Forum, Du

“Electrical R
l, Vol. 105(6)

iker, M. R. (2
ent and Conc

oved 2010), 
Michigan.  

07), “Determ
n Civil Engin

d Brousseau, 
ent-Silica Fum

d, Y., Briot, 
ondition in C

, (2003), “N
g-Electrode, P
on-Destructi

estigation of 
ng Wenner P

H., (2011), “M
of Applied G

n, E., Polder,
nforced Con
m, Netherlan

, Li, V. C., (2
983, Nondes
d Homeland S

on, T.O., Jen
ide permeab
0-119. 

R. (2005), “
Global Constr

ndee, Scotlan

Resistivity M
), pp. 541-54

2013), “Rela
crete Compo

“Protection 

mination of 
neering, Vol.

R. (1993), “
me Systems”

R. (2001), 
Containment 

Non-destruct
PART I: AS
ive Testing i

the effects o
Probe”, M.Sc

Monitoring cr
Geophysics, 

, R. B., (201
ncrete”, 2nd 
nds. 

2011), “Mech
structive Cha
Security 2011

nning ,H.M., 
bility test m

“Evaluating t
ruction: Ulti
nd. 

Measurements
47. 

ationship betw
sites, Vol. 13

of metals in 

Concrete Se
. 19, pp. 423-

“A.C. Imped
”. Cement a

“Nondestru
Structures”, 

tive Determi
SPECTS OF 
in Civil Engi

of cracking an
c. Thesis, Car

rack develop
Vol. 75, pp. 

2), “Relation
Intl. Conf. o

hanical and e
aracterization
1, 798316 (A

Shaw, S.P. (1
easured by 

the chloride 
imate Concre

s for Quality

ween concre
3, pp. 60-72. 

 concrete ag

etting Time U
-427.

ance Spectro
and Concrete

uctive Monit
SMiRT 16, 

ination of t
 CONCRET
ineering (ND

nd embedde
rleton Unive

pment in fib
294-304.  

nship Betwee
on Microstru

electrical char
n for Comp

April 18, 2011

1999),” Micro
impedance 

diffusion o
ete Opportu

y Control du

ete resistivity

gainst corrosi

Using Electr

oscopy (II): M
e Research, V

oring Techn
Washington,

the Water-C
TE TECHN
DT-CE), Ber

d reinforcem
ersity. 

er concrete 

en Cracking 
uctural-related

racterization 
posite Materi
1) 

ostructural a
spectroscopy

f  concrete 
nities, Proc. 

uring Concre

y and corrosi

ion”, Americ

rical Resistiv

Microstructu
Vol. 23(1), p

nique Based 
, DC USA, p

Content in t
OLOGY”, B
rlin, Septemb

ment on surfa

beam by usi

And Electri
d Durability 

of self-sensi
ials, Aerospa

nd 
y”, 

by 
of 

ete 

on 

can 

vity 

ural 
pp. 

on 
pp. 

the 
BB 
ber 

ace 

ing 

cal 
of 

ing 
ace 

(ES) Equipements Scientifiques SA - Département Bio-Tests & Industries - 127 rue de Buzenval BP 26 - 92380 Garches
Tél. 01 47 95 99 90 - Fax. 01 47 01 16 22 - e-mail: bio@es-france.com - Site Web: www.es-france.com




