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ABSTRACT 
 
This report constitutes a literature review of the electrical resistivity of concrete.  Electrical 
resistivity is an important consideration in such applications as grade crossings and concrete 
railway ties, where stray currents may disrupt signals or create unsafe conditions. Electrical 
resistivity is also important where reinforced concrete will be exposed to corrosive conditions, as 
corrosion currents will flow more easily in concrete having low resistivity.  Information on the 
effects of concrete materials and mix designs on electrical resistivity are presented in this review.  
The effects of such variables as consolidation, curing, time, temperature, and moisture content 
also are discussed.  Data taken from the literature is presented in tabular and graphical form.  
Over 80 references to the published literature are included.  Recommendations for materials and 
procedures to be used to increase resistivity of concrete are presented.  Needed research in the 
area of electrical resistivity of concrete also is recommended. 
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Electrical Resistivity of Concrete— 
 A Literature Review 

 
by David A. Whiting* and Mohamad A. Nagi† 

 
CHAPTER 1 

 
INTRODUCTION  
 
Electrical resistivity is an important physical property of portland cement concrete that affects a 
variety of applications. Electrical resistivity (or its inverse, conductivity) is important as a 
measure of the ability of concrete to resist the passage of electrical current. This has direct 
relevance to such applications as electrically powered rapid transit lines, where high resistivities 
are needed, and hospital operating room floors and cathodic protection systems, where low 
resistivities are required.  Materials and procedures for the production of electrically conductive 
concretes, however, are beyond the scope of this report. 
 

The electrical resistivity of concrete is an important component of reinforcing steel 
corrosion cells, as high resistivity of the electrolyte (in this case concrete) will reduce corrosion 
currents and slow the rate of corrosion. Electrical resistivity is fundamentally related to the 
permeability of fluids and diffusivity of ions through porous materials such as concrete.  
Therefore, electrical resistivity also can be used as an indirect measure of the ability of concrete 
to prevent penetration of chloride salt solutions that may cause corrosion of the reinforcing steel. 

Because it is one of the applications where consideration of electrical resistivity is critical, 
the use of concrete in transit facilities requires some explanation in the context of this review.  
There are two primary applications for concrete in the transit field.  The first is for concrete 
railway ties (Hanna, 1986) on long-line railroads, primarily freight carriers.  While such trains 
are diesel powered, signal currents are carried in the continuous rails (White, 1984).  Rails must 
be insulated from the track so that ground fault conditions do not occur between the rails and 
interfere with system operations. This is especially critical at concrete grade crossings (Fuller, 
1995), where signal failures can lead to premature gate closings or improperly trigger warning 
signals.  Precast concrete grade crossings have an advantage in that they eliminate the need for 
cross-ties at the crossing. A conventional crossing would use concrete panels installed on top of 
standard tie-track elements. The cause of many crossing electrical shorts is a buildup of moisture 
at or below the surface of the crossing, allowing electrical current to flow from one rail to 
another. 

                                                 

* Formerly Senior Principal, Construction Technology Laboratories, Inc., 5420 Old Orchard Road, Skokie, IL, 
60077-1083 USA (847) 965-7500 

† Project Manager, Construction Technology Laboratories, Inc., 5420 Old Orchard Road, Skokie, IL, 60077-1083 
USA (847) 965-7500 
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The second application is in electrically powered transit lines.  Concrete ties and slab track 

have been used successfully on such modern transit systems as Bay Area Rapid Transit District 
(BART) in San Francisco (Bomar, 1974), Washington Metropolitan Area Transit Authority 
(WMATA) in Washington, D.C. (Shaffer, 1981), and the Metropolitan Atlanta Rapid Transit 
Authority (MARTA) in Atlanta (Merrick, 1996).  One of the major problems facing such 
systems, both in the design and operational phases, is that of stray currents.  Stray currents may 
be defined as “leakage current originating from man-made dc systems which intentionally or 
unintentionally use the earth as part of the return circuit” (Schwalm and Sandor, 1969).  A 
diagram of an electrically powered rapid transit system is shown in Fig. 1-1 (Sidoriak, 1994). 
Traction current is supplied from a dc substation along overhead feeder lines to the train or 
streetcar.  On many modern “heavy rail” systems the traction current is supplied to shoes on the 
train cars via a “third rail” which is heavily insulated from the rest of the system.  In either case, 
however, most conventional systems use the rails for the negative current return to the 
substations.  Ideally, the traction current flows along the third rail from the substation and back 
through the running rails.  If the rails are wholly insulated from the ties and ground there is a 
complete electrical circuit and no current is lost.  However, the rails cannot be perfectly isolated 
from the ground, and some of the return current finds its way to earth.  Apart from the economics 
associated with losses in electric power, the stray currents are cause for additional concerns.  
These currents can make use of any underground metallic conductor which provides an electrical 
pathway. This metal can be directly exposed to the earth, such as a buried pipeline, or be 
embedded in an underground concrete structure, such as reinforcing steel in a foundation.  In any 
case, where current enters the metal a cathodic site is formed (Kish, 1981).  Hydrogen gas can be 
produced at this location.  Where current leaves the metal an anodic site occurs and the metal 
corrodes (NACE, 1984). 

 
Figure 1-1.  Typical stray current circuit on electrically powered rapid transit system                                          
(Adapted from Sidoriak, 1994). 
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An additional concern is the effect of stray currents on passenger safety in rapid transit 
systems.  Maximum safe “touch potentials” may be computed based on assumed resistance of 
the human body and contact points and the threshold amount of current which may cause pain at 
a touch.  Based on these considerations, transit design potentials on platforms where passengers 
may touch railings and other potentially grounded metals are in the range of 50 to 70 volts 
(Moody, 1994).  Large stray currents may cause such potential levels to be exceeded and pose a 
safety hazard on passenger platforms or crossings.  

Since the early days of electrically powered transit systems, control of stray currents has 
been based on four general principles (Szeliga, 1993): 

1. Increasing the continuity of the negative return circuit (rails). 

2. Increasing the resistance of the leakage path to earth. 

3. Increasing the resistance between the earth and the underground metallic structures. 

4. Increasing the resistance of the underground metallic structures. 

Items 3 and 4 are related to the underground structures rather than the rail fasteners or ties.  
Item 1 relates to the current-carrying ability of the rails themselves, which can be improved by 
various techniques for rail bonding, by decreasing the spacing between substations, and by other 
engineering solutions.  The primary influence of materials resistivity is on item 2.  As shown in 
Fig. 1-2 and the accompanying equation, an increase in the quantity RL (track-to-earth 
resistance) will decrease the total amount of current returning through the earth (i.e. stray 
current).  A high track-to-earth resistance is normally accomplished through the use of highly 
insulative rail fasteners.  Resistance through these fasteners is typically 1 M-ohm or more.  
Fasteners used by the Washington Metropolitan Area Transit Authority-WMATA (Szeliga and 
Thue, 1994) had specified resistance of 10 M-ohm through the fastener between the rail and a 
nylon insert for the bolt hole in the tie (Fig. 1-3).  At grade crossings, elastomeric rail enclosures 
(Fuller, 1995) have been used to achieve similar insulative properties.  It should be noted that the 
use of such highly insulative fasteners has become standard practice for nearly all modern rapid 
transit systems, irrespective of the type of tie (concrete or wood) which is used.  According to 
Welch (1994), “The track-to-earth resistance for direct fixation track is governed by the 
electrical resistance associated with rail fasteners, the number of fasteners, and any leakage paths 
which may exist around the insulating components.”  The latter statement is of considerable 
importance, as no insulation is perfect, and moisture or debris may eventually work its way into 
the insulation and reduce the resistance from the initial value.  In this case, high electrical 
resistivity in the tie itself helps to minimize stray currents. 
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Figure 1-2.  Basic rapid transit stray current control circuit and equation (Szeliga, 1993). 
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Figure 1-3.  Typical direct fixation rail fastener (Szeliga, 1994). 

Electrical resistivity of concrete is also a consideration with respect to the corrosion of steel 
in concrete brought about by reasons other than stray currents.  In this case, corrosion occurs due 
to the formation of an electrochemical corrosion cell.  A corrosion cell must have four elements 
(NACE, 1984) in order to function: 1) an anode where the metal is oxidized, 2) a cathode where 
a reduction process, such as hydrogen evolution or oxygen reduction, occurs, 3) an electrical 
connection between the anode and cathode, and 4) an ionic conduction path provided by an 
electrolyte.  In the case of metals embedded in concrete, the electrolyte for the corrosion cell is 
the concrete itself.  A resistivity of less than 5,000 ohm • cm can support very rapid corrosion of 
steel (Brown, 1980).  If the electrolyte has high resistance to the passage of current, or if the 
electrolyte is dry and unable to support ionic flow, then corrosion will occur only at a very low 
rate, if at all.  Various researchers (Tremper, 1958; Vassie, 1980; Alonso et al., 1988) have 
determined that corrosion can be limited by increasing resistivity. A table of suggested values 
(Langford and Broomfield, 1987) is shown as Table 1-1.  When resistivities exceed a value of 
20,000 ohm • cm the risk of corrosion is low.  Where steel is actively corroding, however, 
Broomfield et al. (1993) state that resistivity must exceed 50,000 ohm • cm to reduce corrosion to 
an acceptable rate, and that resistivity must exceed 100,000 ohm • cm to stop corrosion entirely. 

 

Table 1-1.  Relationship Between Resistivity and Corrosion Rate for Steel in Concrete 

Resistivity, ohm-cm Corrosion rate 

< 5,000 Very high 

5,000 – 10,000 High 

10,000 – 20,000 Moderate to low 

>20,000 Low 
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Chapter 2 of this report discusses the fundamentals of electrical resistivity.  A brief review 
of concepts, units of measurements, and conversion factors is included.  Comparisons of 
resistivities for a range of material types are shown.  Various theoretical relationships between 
electrical resistivity and the properties and amounts of constituents in a composite material are 
presented in this chapter.  In spite of the many theories which have been developed, it is not yet 
possible to accurately predict the resistivity of a given concrete from knowledge of the 
respective constituents and mixture proportions alone.  Testing is still required. 

In Chapter 3 the effects of concrete materials and mixture proportions on the electrical 
resistivity of concrete are discussed.  This chapter constitutes the core of this report, as 
recommendations for modifying electrical resistivity of concrete are based on the data presented 
in it.  Information concerning effects of cement chemistry and physical characteristics are 
presented; however, there have been very few studies devoted specifically to this issue, and 
trends must, for the most part, be inferred from indirect studies.  More data are available on the 
effects of the cement content and water-cement ratio (w/c) on resistivity.  Considerably more 
information is available concerning effects of supplementary cementing materials (SCMs) on 
resistivity.  These materials include fly ash, silica fume, and ground granulated blast furnace slag 
(GGBFS).  A review of current technology for SCMs can be found in a PCA publication by 
Detwiler et al. (1996).  As many SCMs afford a significant increase in electrical resistivity, 
considerable discussion of their effects is included in this chapter.  Aggregate type also may 
influence electrical resistivity.  In theory, the amount of aggregate, its shape, and electrical 
characteristics will have a significant influence on resistivity (Hansen, 1966).  However, except 
for the use of conductive aggregate (which is not within the province of this review), information 
on aggregate effects derived from actual experiments is lacking.  With respect to chemical 
admixtures for concrete, the majority of information concerning direct effects on resistivity 
relates to chloride-based set accelerators.  Other admixtures have indirect effects, such as the 
lower water content achieved though the use of water-reducing admixtures, and the air voids 
generated by air-entraining admixtures.  

Chapter 4 deals with the effects of construction practices and environmental influences on 
concrete resistivity.  There is virtually no information available on concrete production practices, 
such as batch size, mixing cycles, or haul time on concrete resistivity.  This is understandable, as 
electrical resistivity is not usually considered in the concrete production process.  The effects of 
concrete consolidation on resistivity have been studied, primarily with respect to the possibility 
of using the measurement of resistivity as a tool for determining the degree of concrete 
consolidation.  Nuclear methods (Tayabji and Whiting, 1987), however, have proven to be more 
practical and the use of resistivity measurements for this purpose has not been commercialized.  
Effects of curing on resistivity also are covered in this chapter, though the information pertains 
primarily to the effect of time of moist curing, rather than curing practices used under actual 
field conditions.  The effects of environment can be separated into two areas: 1) temperature and 
2) moisture content (or relative humidity).  An increase in temperature results in a decrease in 
resistivity, provided that moisture is not lost from the concrete during heating.  The effect of 
moisture content on electrical resistivity is perhaps the strongest of any of the many parameters 
influencing this property.  The change of resistivity over the range of possible moisture contents 
is dramatic.  Concrete is essentially an insulating material in the oven-dry state and a semi-
conductor when saturated.  
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In Chapter 5, the various techniques for measuring concrete resistivity are discussed.  
Measurement of concrete resistivity in the laboratory is relatively simple.  The voltage and 
current are measured across a sample of known dimensions, and then the resistivity is calculated.  
Alternatively, various devices may be used to measure resistance directly.  The resistivity then is 
calculated from Equation No. 1.  

 

 
L

RA ⋅
=ρ  Equation No. 1 

where 
 ρ  = resistivity (ohm • cm) 
 A = area (cm2) 
 R = resistance (ohm) 
 L = length (cm) 

Low-resistance contact between the concrete and measurement circuit is critical to an 
accurate measurement.  Various types of electrodes and contact materials are described in this 
chapter.  The measurement is generally made using ac circuitry, as the measured impedance is 
essentially equal to resistance at low frequencies, and ac instruments avoid polarization effects 
induced by application of direct current.  Field measurement techniques for concrete resistivity 
are adapted from technology used for in-situ measurement of soil resistivity.  Instruments 
generally utilize a 4-pin surface probe technique, though other configurations also have been 
employed.  Drying of the concrete surface, carbonation, and placement of reinforcing steel all 
can have significant effects on field resistivity measurements. 

In Chapter 6 a summary of the report is presented.  Guidelines for preparing concretes of 
high resistivity for rapid transit applications based on findings of the literature review are 
included in this chapter.  Recommendations for needed research are given. 
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Chapter 2 
 
FUNDAMENTALS OF ELECTRICAL RESISTIVITY 
 
Definitions and Ranges 
 
Electrical resistivity may be defined (Esbach, 1975) as the electrical resistance of a conductor of 
unit volume and constant cross section in which current is continuously and uniformly 
distributed.  It can be viewed more simply as the electrical resistance between opposing faces of 
a 1 cm (or 1 m) cube of material.  Strictly speaking, this is the volume resistivity, and if a 
significant amount of current leaks along the surface of the conductor, then a surface resistivity 
factor must be taken into account (Harper, 1978).  These principles are illustrated in Fig. 2-1.  
Here, an insulated box with two opposing conductive end plates is filled with a given material.  
A voltage is applied and the resulting current is measured (note: this is a simplification of actual 
measurement techniques, which are discussed in more detail in Chapter 5).   The resistivity (ρ) 
then may be calculated from the equation shown in Fig. 2-1.  The most commonly encountered 
units for resistivity are ohm • cm or ohm • m.  As shown in Fig. 2-1, the inverse of resistivity is 
conductivity, a measure of the ease through which current can move through a material.  An 
inverse ohm is termed a “mho,” and the units of conductivity are mhos • m-1.  For purposes of this 
review, resistivity, expressed in ohm • cm will be used as the primary unit.  Additionally, only dc 
resistivity will be considered in this review.  In general, electrical properties of materials vary 
with frequency.  However, McNeill (1980) notes that over the range of resistivities generally 
exhibited by concrete (100 to 100,000 ohm • cm), the electrical properties are relatively 
independent of frequency.  Measurements carried out on concretes at frequencies less than 1,000 
Hz have been found to be equivalent to dc results (Hammond and Robson, 1955). 
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Figure 2-1.  Illustration of electrical resistivity principles. 

Electrical resistivity spans one of the greatest ranges of values of any materials property.  
Some values of resistivity for a variety of materials are shown in Fig. 2-2.  Values, in ohm • cm, 
range from 10-6 for highly conductive metals such as silver and copper to up to 1019 for highly 
insulating rubber and certain polymers.  This represents a range of 25 orders of magnitude from 
the most conductive to the most insulating materials.  It is evident from this figure that porous 
materials, such as concrete and wood, in themselves exhibit a wide range of resistivities 
dependent on their moisture condition.  When saturated, wood and concrete both exhibit 
resistivities of the order of 103 to 104 ohm • cm.  When oven dried, concrete’s resistivity rises to 
108  while some woods show resistivities as high as 1015.  Both materials may be classified as 
semiconductors when saturated, and insulators in the oven-dry state.  It should be mentioned here 
that resistivity of water ranges from 1500 to 10,000 ohm • cm.  However, the resistivity of de-
ionized water exceeds 10,000,000-ohm • cm. 
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Figure 2-2.  Range of electrical resistivity for a variety of materials. 
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Concrete Resistivity Theories 
 
A variety of theories has been developed to explain the resistivity (or conductivity) of concrete 
and how current is carried through a concrete mass.  These theories may be divided, for the 
purposes of this review, into two categories.  The first category uses composite materials theories 
which are basically independent of the physical nature of concrete.  These theories attempt to 
predict resistivity as a function of the resistivity of each component of the composite, its volume 
fraction, and, for some of the more elaborate formulations, various shape and size factors for the 
inclusions.  In most of these approaches concrete is seen as a composite material with the 
aggregate as the inclusion and the paste (or mortar) as the matrix.  In a mortar (i.e. only fine 
aggregate and paste), then the matrix will be the paste and the inclusion will be the sand.  In a 
concrete, in most cases, the matrix will be the mortar and the inclusions will be the coarse 
aggregate.   

In the second approach empirical relationships are established between the resistivity of the 
material as a whole and the resistivity of the conductive phase.  By fitting experimental data to 
simple equations following Archie’s law (see below), coefficients for particular materials can be 
established.  In this manner, resistivity can be predicted if the resistivity and volume fraction of 
the conductive phase are known.  

 
Composite Materials Theories.  One of the first attempts to explain electrical properties of 
composite materials was carried out in the 19th century (Maxwell, 1873).  While originally 
derived in terms of conductivity, Maxwell’s relationship can be expressed in terms of resistivity 
as shown below: 
 

 
2

1
V

2

1

a

m

a

m

a
m

m

+
ρ
ρ

−
ρ
ρ

=
+

ρ
ρ

−
ρ

ρ

 Equation No. 2 

 
where 
 mρ  = resistivity of the matrix 
 ρ  = resistivity of the composite 
 aρ  = resistivity of the particles 
 aV  = fractional volume of the particles 

While aggregate resistivities can vary greatly (Keller, 1982), most concrete specifications 
limit sources to generally hard, low-absorption aggregates.  Typical resistivities (Monfore, 1968; 
Whittington, et al., 1981; Ping Xie, et al., 1995) for these materials lie above 105 ohm • cm.  
Resistivities for the “matrix,” whether cement paste or mortar, are considerably lower, in the 
range of 103 ohm • cm or less.  For practical applications, therefore, the resistivity of the 
aggregate can be considered “infinite” as compared to the matrix. Then Va is expressed as 1-Vm, 
where Vm is the fractional volume of the matrix, and Maxwell’s equation reduces to: 
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m

m
m V2

V3 −
ρ=ρ  Equation No. 3 

 
Maxwell’s derivation assumed that the fractional volume of aggregate is so small that there 

are no interactions among flowlines of current around the particles, and that the particles are 
spherical.  Equations also have been developed by Fricke (1924) for non-conductive oblate and 
prolate spheroids in a conductive matrix, and by Slawinski (1926) for spheres in contact with 
each other (as opposed to Maxwell’s restrictions).  A wide variety of additional formulae for 
various geometries and packings of particles have been listed by Keller (1982).  Whittington, et 
al. (1981) have shown that, while Maxwell’s equation appears to be too simplified for the case of 
cementitious composites, Fricke’s and Slawinski’s formulae show fairly good agreement with 
experimental results on a mortar prepared with a single-sized non-absorptive sand.  Such 
composite materials formulae, however, do not accurately predict electrical properties of more 
complex systems such as concrete.  For these materials a different approach is needed.  

 
Formation Factor Approach.  In studies of porous rock in oil-bearing reservoirs, Archie 
(1942) found a relationship between the resistivity of saturated rock (mainly sandstones) and the 
resistivity of the fluid with which it was saturated.  This ratio is termed the formation factor (F) 
and the relationship has come to be known as Archie’s law: 

 m

w

o

R
RF −ϕ==  Equation No. 4 

where 

 oR  = resistivity of the sandstone when filled with water 
 wR  = resistivity of the water contained in the sandstone 
 ϕ  = fractional volume of water contained in the rock 
 m  = a shape factor 

The main purpose for the development of Archie’s law was to define relationships between 
the measured resistivity and porosity (or water content) of the rock in order to predict the ease 
with which oil could be recovered from the formation.  The equation is simple, but purely 
empirical, and has not been substantiated by any physical models (Keller, 1982).  The 
relationship was later generalized (Atkins and Smith, 1961; Jackson, et al., 1978) to 
unconsolidated rock and marine sands.  In this case the equation takes the form: 

 mAF −ϕ=  Equation No. 5 

Where F, ϕ, and m are as defined earlier and A is an additional constant.  Whittington, et al. 
(1981) applied this equation to concrete, defining F as the ratio of the measured resistivity of the 
concrete to the resistivity of the cement paste, and ϕ the volume fraction of the paste in the 
concrete.  They prepared a series of concretes with water-cement ratios (w/c) from 0.6 to 0.8 
(high by today’s standards).  Companion pastes also were prepared.  All specimens were 
continuously moist cured for 128 days.  Fig. 2-3 shows their results in graphical form.  The 
following expression was developed by fitting Archie’s law to the data: 
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 20.104.1F −ϕ=  Equation No. 6 

The values of A (1.04) and m (1.20) fall into the range of values seen in rocks (Keller, 1982), 
where "A" normally varies from 0.6 to 3.5 and “m” varies from 1.3 to 2.0.  Whittington’s results, 
however, are very close to those obtained by Jackson, et al. (1978) for a model system of spheres 
in a conductive matrix, where A=1.0 and m=1.20.  This is not surprising, as rounded non-
conductive gravel aggregate in a relatively conductive high w/c cement paste may be a good 
approximation of this model.  Morelli and Ford (1987) carried out a similar series of 
experiments.  Though the majority of their work was concerned with the development of 
resistivity at early ages (up to 24 hours), later age measurements were taken at 65 days.  For a 
concrete with w/c of 0.50, they found "A" to equal 1.0 and "m" to equal 1.73.  This indicates that 
for concretes the value of "A" may be fairly constant, but the exponent "m" may vary with the 
particular mixture characteristics.  More work is needed in this area. 
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Figure 2-3.  Formation factor versus volume fraction of cement paste for a series of               
Concretes moist cured for 128 days (Whittington et al., 1981). 
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Chapter 3 
 

EFFECTS OF CONCRETE MATERIALS AND PROPORTIONS ON 
ELECTRICAL RESISTIVITY 
 
Effects of Cement 
 
The electrical resistivity of concrete is related to the microstructure of the cement matrix, its pore 
structure, porosity, and pore size distribution. It is also a function of the concentration of ions 
and their mobility in the pore solution (Hunkeler, 1996; Bürchler, et al., 1996).  Cement 
chemistry, cement content, water-cement  ratio, and use of admixtures and supplementary 
cementitious materials are factors which influence the microstructure of the cement matrix of 
concrete as well as the chemistry of the pore solution, and therefore influence its electrical 
resistivity. 
 
Cement Chemistry and Physical Characteristics.  Cement type, alkali content, and C3A 
content are the cement chemistry-related elements which are considered to have an influence on 
the electrical resistivity of concrete.  Hammond and Robson (1955) studied the effect of three 
types of cement on concrete resistivity.  The three types of cement were ordinary portland 
cement (OPC), rapid hardening portland cement (RHC) and high-alumina (aluminous) cement 
(HAC).  High-alumina cement is a hydraulic cement obtained by pulverizing a solidified melt or 
clinker that consists predominantly of hydraulic calcium aluminates formed from proportioned 
mixtures of aluminous and calcareous materials.  Rapid hardening portland cement is equivalent 
to ASTM Type III cement.  The w/c of all concretes was 0.49.  Details on resistivity 
measurements used in this study are explained in Chapter 5 of this report. 
 

The electrical resistivities of two of the portland cement concretes were similar.  Average 
resistivity for the OPC was 2350 ohm • cm, compared to 2300 ohm • cm measured on concrete 
made of RHC.  These measurements were taken at the age of 24 hours.  However, the resistivity 
of concrete made with HAC was much higher than that of the OPC concrete.  After 24 hours of 
curing, the resistivity of HAC concrete was 100 times higher than that of OPC concrete.  
Measurements were taken for up to 150 days.  As shown in Fig. 3-1, the resistivity of HAC 
concrete after 28 days was 20 times higher than that of OPC concrete.  At the age of 150 days, 
the ratio of resistivities of HAC concrete and OPC concrete was close to 10 to 1 (3 to 0.3 
Mohm • cm).  This may be explained by the accelerated hydration of HAC compared to OPC.  
This will leave less ions and lower concentrations in the pore solution of HAC, which leads to 
much higher resistivity.  However at later ages, the OPC also hydrates and its resistivity 
increases.  The difference in resistivity at later ages is most probably related to the difference in 
chemical compositions and resulting pore chemistries for the two cements. 
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Figure 3-1.  Effect of cement type on concrete electrical resistivity (Hammond and Robson, 1955). 
 

Two ASTM Type I cements with low and high alkali contents were used (Monfore, 1968) 
to study the effect of alkali on electrical resistivity.  The total K2O content was 0.12% for the 
low-alkali cement, and 1.30% for the high-alkali cement.  Measurements were taken first on 
cement paste specimens.  It was found that the low alkali cement paste had lower resistivity than 
high alkali cement paste.  However, the difference in resistivity did not appear to have any 
practical significance. For example, at the age of 28 days, the resistivity of low alkali cement 
paste with a water-cement  ratio of 0.4 was 1170 ohm • cm compared to 1360 ohm • cm for high 
alkali cement paste under the same conditions.  In the same study, Monfore (1968) used these 
same cements to study the effect of curing conditions on the resistivity of concrete.  The concrete 
mix design utilized air-entrained concrete containing 335 kg/m3 of cement, with a water-cement  
ratio of 0.41. Test results indicated that resistivities of concretes made with low and high alkali 
contents were comparable.  This correlated with the conclusion obtained from the cement paste 
study that the alkali content of the cement does not have a significant effect on the electrical 
resistivity of concrete.  

In a comprehensive corrosion research program, Baweja, et al. (1996) monitored the effect 
of tricalcium aluminate (C3A) content in cement on the electrical resistivity of concrete.  Two 
different C3A levels were used in their study: a high C3A (9%) portland cement and a low C3A 
(4.9%) portland cement.  Concrete mix proportions used in the program are given in Table 3-1.  
Specimens used in the program were 300 x 300 x 56 mm slabs reinforced with 8 mm diameter 
steel bars 100 mm on center.  Minimum cover to the reinforcement was 20 mm.  The slabs were 
immersed to a depth of 40 mm in a 3% sodium chloride (NaCl) solution (simulated seawater 
conditions) and then placed in a controlled environment at a temperature of 23 ± 2° C and a 
relative humidity of 50 ± 5%.  Resistivity was measured using the Wenner Bridge four-electrode 
method (see Chapter 5). 
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Table 3-1.  Concrete Mixture Proportions (kg/m3) used in Study by Baweja et al. (1996). 
 

Mix Constituent W/C ratio (0.45) W/C Ratio (0.55) W/C Ratio (0.65) 

Cement 420 325 270 

Water 190 180 175 

10 mm Agg. 440 460 470 

20 mm Agg. 630 655 670 

Coarse Sand 580 605 620 

Fine Sand 135 140 145 

Electrical resistivity data collected for more than 1000 days are shown in Fig. 3-2.  Each reading 
represents an average of measurements taken on four identical slabs.  Fig. 3-2a and 3-2b show 
similar trends in resistivity for both cements at the three water-cement  ratios. 
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Figure 3-2.  Effect of C3A content on concrete electrical resistivity (Baweja et al., 1996).  

 Monfore (1968) measured the electrical resistivity of C3A and tricalcium silicate (C3S) 
pastes. He found that the resistivity of C3A paste was higher, especially at early ages.  He 
attributed this to the absence of calcium hydroxide in the hydration products of C3A. 

Cement Content.  As mentioned above, resistivity of concrete is mainly influenced by the 
cement matrix, or cement paste.  Therefore, any changes in  the volume fraction of this matrix 
will affect the electrical resistivity of concrete.  Cement content used in the concrete determines 
the volume of cement paste, and changes in the cement content will have an influence on the 
electrical resistivity of concrete. 
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Hughes (1985) measured the electrical resistivity of 12 concrete mixes.  Resistivity 
measurements were conducted on three 150 mm cubes prepared for every mix at 1, 3, 7, 14, 21, 
and 28 days.  For water-cement  ratios of 0.5 and 0.55, three cement contents, 300, 350, and 400 
kg/m3, were used.  Resistivity measurements at different ages showed a decrease in resistivity as 
cement content increased.  Fig. 3-3 shows resistivity versus cement content for 0.50 and 0.55 
water-cement  ratios at the age of 28 days.  For a water-cement  ratio of 0.50, resistivity 
decreased by almost 20% (close to 12,000 ohm • cm) as cement content increased from 300 to 
400 kg/m3.  For a water/cement ratio of 0.55 the resistivity dropped by 25% for the same 
increase in cement content.  Since the resistivity of cement paste is much lower than the 
resistivity of the surrounding aggregates in concrete, the more cement in a given volume of 
concrete, the lower the measured resistivity.  
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Figure 3-3.  Effect of cement content on concrete resistivity (Hughes et al., 1985). 

Water-Cement  Ratio.  Water-cement ratio is one of the most important parameters 
controlling the performance of concrete. It has a significant effect on strength and durability 
characteristics of concrete. The water-cement ratio plays an important role in shaping the 
microstructure of cement paste and the ionic concentration of its pore solution.  Because of these 
effects, the electrical resistivity of concrete is influenced by the water-cement ratio.  Monfore 
(1968) studied the relationship between water/cement ratio and resistivity in cement paste.  He 
found that resistivity of cement paste increases as water/cement ratio decreases.  Resistivity of 
cement paste having water/cement ratio of 0.4 was about twice that of paste having a 
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water/cement ratio of 0.6.  Fig. 3-4 shows the trend of resistivity decrease as water/cement ratio 
increases for two types of cement (Monfore, 1968).  It should be mentioned that resistivity of 
paste is much lower than that of concrete made of the same paste.  It can be close to 1/5 of the 
companion concrete resistivity in some cases. 
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Figure 3-4.  Effect of w/c on cement paste resistivity at 7 day moist curing (Monfore, 1968). 

The effects of water-cement ratio on the electrical resistivity of concrete were examined by 
Hughes and are presented in Fig. 3-5.  For a cement content of 400 kg/m3, the electrical 
resistivity of concrete decreased by almost 50% when the water-cement ratio increased from 
0.40 to 0.55.  For concrete with cement content of 350 kg/m3, resistivity decreased from 5.9 
kohm • cm to 3.7 kohm • cm when w/c ratio increased from 0.45 to 0.60 at the age of 28 days.  
(Hughes, et al., 1985). 
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Figure 3-5.  Effect of w/c on concrete resistivity (Hughes, 1985).  

 The influence of water-cement ratio on concrete resistivity varies as the degree of 
saturation changes.  The effect of water/cement ratio is less significant in highly saturated 
concrete as compared to dry concrete.  Fig. 3-6 (Gjørv et al., 1977) shows that the decrease in 
resistivity from a water/cement ratio of 0.45 to a water/cement ratio of 0.70 is more pronounced 
when the degrees of saturations are 40% and 60%, as compared to 100%. 
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Figure 3-6.  Effect of water saturation and w/c on concrete resistivity (Gjørv et al., 1977).  
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Effects of Aggregates 
 
The electrical resistivity of aggregate is much higher than that of cement paste. Monfore (1968) 
measured the electrical resistivity of several aggregates typically used for concrete.  As shown in 
Table 3-2, the resistivities of marble and granite are essentially infinite as compared to the 
resistivity of cement paste. 
 
 

Table 3-2.  Measured Electrical Resistivities of Aggregates, Monfore (1968). 

Type Absorption (% by wt) Resistivity (ohm • cm) 

Sandstone 9.2 18,000 

Limestone 6.0 30,000 

Marble 0.9 290,000 

Granite 0.34 880,000 

Although the resistivity of concrete is mainly governed by the cement paste, changes in 
aggregate type and content influence the electrical resistivity of concrete.  While there is no 
specific study on the effect of type of aggregate on electrical resistivity of concrete, one would 
expect that resistivity of concrete made with limestone aggregate would be less than that of 
concrete made with granite aggregate, all other things being equal.  

As aggregate content increases the electrical resistivity will increase. Hughes (1985) 
measured electrical resistivity of concretes containing a range of aggregate contents.  Fig. 3-7 
shows that as aggregate content, expressed as a multiple of cement content, increased from 2.92 
to 4.36, resistivity increased from 4.86 to 5.73 kohm • cm for a water-cement ratio of 0.50. 
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Figure 3-7.  Effect of aggregate content on electrical resistivity (Hughes, 1985). 
 
Effects of Supplementary Cementing Materials (SCM) 
 
Fly ash, silica fume, and ground granulated blast furnace slag (GGBFS) are the most common 
supplementary cementing materials (SCMs) used in concrete production.  These materials, also 
known as mineral admixtures, are used in concrete in relatively large amounts to enhance the 
workability of fresh concrete; to improve resistance of concrete to thermal cracking, alkali-
aggregate expansion, and sulfate attack; to increase concrete strength; and to enable a reduction 
in cement content (Whiting et al., 1993).  Because of their pozzolanic effect and their physical 
properties, these materials influence the microstructure of the cement matrix, and the 
concentrations and mobilities of the ions in the pore solution.  Therefore they exert an influence 
on the electrical resistivity of concrete.  In most cases, SCMs create a finer pore size distribution 
and lower ionic concentration, which leads to higher electrical resistivity than in normal portland 
cement concrete.  Because of their significant influences on resistivity, the effect of each of these 
materials will be discussed separately. 
 
Fly Ash.  Fly ashes are finely divided residues of the combustion of ground or powdered coal.  
They are generally finer than cement and consist mainly of glassy spherical particles as well as 
residues of hematite and magnetite, char, and some crystalline phases formed during cooling 
(Whiting, et al., 1993).  Two major classes of fly ash are specified in ASTM C 618 on the basis 
of their chemical compositions. These are designated as Class F and Class C.  Class F fly ash is 
normally produced from burning anthracite or bituminous coal, and Class C is normally 
produced from the burning of subbituminous coal and lignite.  Class C fly ash usually has 
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cementitious properties in addition to pozzolanic properties, whereas Class F ash is rarely 
cementitious when mixed with water alone (ACI Committee 232.2R-96, 1996). 

The majority of the studies on the influence of fly ash or other supplementary cementing 
materials on the electrical resistivity of concrete have been associated with the effect of these 
materials on corrosion of the reinforcing steel.  Because of the significant correlation between 
electrical resistivity and corrosion, researchers in this area have studied the performance of 
SCMs with respect to resistivity in some detail. The influence of fly ash on electrical resistivity 
is related mainly to the changes in the microstructure of concrete.  Ehtesham (1994) studied the 
changes in pore solution chemistry and refinement of the pore structure, and their effects on 
electrical resistivity.  When 30% of cement is replaced by fly ash, the concentration of hydroxyl 
ions (OH-) is reduced, and the pore distribution is finer than in plain concrete.  The average pore 
radius of the fly ash cement matrix was 30% smaller than that of the plain cement matrix.  
Because of this, the electrical resistivity of fly ash concrete was found to be higher than normal 
concrete by a factor of 2.2. 

The effects of fly ash on concrete under different curing conditions were studied by 
Cabrera (1994). Thirty percent of the portland cement was replaced by low calcium fly ash.  The 
water-cementitious materials ratio was 0.55.  Prior to testing, the specimens were cured in either 
a dry or a moist room for 28 days.  Specimens were then immersed in tap or salt water during the 
testing period.  As shown in Fig. 3-8, electrical resistivities of fly ash concrete (both dry- and 
moist-cured) are much higher than for normal concrete.  Also, the rate of resistivity increase with 
time is higher for fly ash concrete.  For example, the resistivity of moist-cured fly ash concrete at 
an age of 300 days was close to 60 kohm • cm, compared to 50 kohm • cm for moist-cured normal 
concrete measured at the same age. 

 
Figure 3-8.  Effect of fly ash on electrical resistivity (Cabrera et al., 1994). 
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Baweja et al. (1996) studied the effect of fly ash on electrical resistivity of concrete.  When 
25% of cement was replaced by fly ash, the resistivity of concrete increased significantly. For 
the three water-to-binder ratios considered in the study (0.45, 0.55, and 0.65), the resistivities of 
fly ash concretes were significantly higher (Fig. 3-9) than that of plain concrete. It should be 
mentioned that all specimens were immersed in water prior to testing.  As shown in this figure, 
the difference was greater for the low water-to-binder ratio.  At an age of 800 days, the 
resistivity of fly ash concrete with water-to-binder ratio of 0.45 was five times more than that of 
plain concrete at the same water-cement ratio. 
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Figure 3-9.  Effect of fly ash on concrete resistivity (Baweja et al., 1996).  

 The studies of the effects of fly ash on concrete resistivity mentioned above were focused 
primarily on curing conditions, exposures, and water-to-binder ratios, not on the amount of fly 
ash used in the concrete.  However, the fly ash contents used in these studies were within the 
range of what is usually used in concrete (25% to 40% by weight of cement). 

 
Silica Fume.  Silica fume is a byproduct of the reduction of high-purity quartz with coal in 
electric furnaces in the production of silicon and ferrosilicon alloys.  Silica fume consists of very 
fine vitreous particles with very high surface area compared to portland cement.  Its average 
particle size is approximately 100 times smaller than that of portland cement (ACI Committee 
234R-96, 1996).  The main advantages of using silica fume in concrete are an increase in 
strength and reductions in permeability and diffusivity. Silica fume is commonly used in the 
production of high-performance concrete where both high strength and low permeability are 
required.  The positive effect of silica fume on increasing electrical resistivity has been known 
since the beginning of its use in concrete.  Because of its very fine particle size and pozzolanic 
characteristics, silica fume creates a very fine pore structure and a low ionic concentration in the 
pore solution (Berke, et al., 1991).  The formation of such a microstructure in the cement matrix 
leads to a significant increase in the electrical resistivity of concrete.  Wolsiefier (1991), in a 
study on the effect of silica fume on corrosion, investigated the influence of silica fume content 
on electrical resistivity using mixtures having different cement contents.  As shown in Fig. 3-10, 
as silica fume content increases, electrical resistivity also increases.  The rate of resistivity 
increase was higher for higher cement content mixtures.  This is because more silica fume per 
unit volume of concrete is used for the higher cement contents.  At a 20% dosage of silica fume  
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and a cement content of 400 kg/m3, electrical resistivity was approximately 120 kohm • cm, as 
compared to 4.2 kohm • cm for the ordinary portland cement concrete. 
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Figure 3-10.  Effect of silica fume on concrete resistivity (Wolsiefer, 1991). 

 
For a low water-cement ratio, the influence of silica fume on electrical resistivity is more 

significant (Berke, et al., 1992).  Fig. 3-11 shows the increase in electrical resistivity as silica 
fume content increases from 0% to 15% for 0.38 and 0.43 water-cement ratios.  For a 0.38 
water-cement ratio and a silica fume content of 15% by mass of cement, electrical resistivity was 
140 kohm • cm compared to 13 kohm • cm for 0% silica fume. 
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Figure 3-11.  Effect of silica fume on electrical resistivity (Burke et al., 1992). 
 

Silica fume, because of its relatively high degree of reactivity and much smaller particle 
size than fly ash, will produce much finer paste pore structures than those formed when fly ash is 
used.  Therefore, resistivity of silica fume concrete is usually higher than that of fly ash concrete 
at typical silica fume or fly ash contents.  This difference is more significant at early ages 
because of the lower reactivity of fly ash, due to its coarser particles (Detwiler et al., 1996; Scali 
et al., 1987) compared to silica fume. 

 
GGBFS.  Ground granulated blast-furnace slag (GGBFS) is the granular material formed when 
molten iron blast-furnace slag is rapidly chilled (quenched) by immersion in water.  It is a 
granular product with very limited crystal formation, highly cementitious in nature, that when 
ground to cement fineness, hydrates like portland cement (Lewis, 1981).  GGBFS is usually used 
at a higher addition rate, 35% to 65% by mass of cement, than fly ash.  Use of GGBFS usually 
improves workability and other physical properties, such as permeability and resistance to alkali-
silica reactivity.  Like other cementitious materials, incorporation of GGBFS in cement paste 
helps in the transformation of large pores in the paste into smaller pores (Malhotra, 1987).  As a 
result, electrical resistivity will be higher than that of normal portland cement concrete.  

The effect of slag content on electrical resistivity under variable exposure conditions was 
studied by Hope and Ip (Hope, 1987).  Three different slag contents were considered in their 
study.  Concrete A contained 0% slag (control), Concrete B contained 25% slag, and Concrete C 
was prepared with 50% slag.  Exposure conditions (1 to 5) which are shown in Fig. 3-12 are as 
follows: (1) curing in water, (2) 1-hour daily ponding with an air-saturated 3.5% sodium chloride 
solution, (3) 1-day soaking in the sodium chloride solution and 1-day drying in laboratory air, 
(4) 3-day soaking in the sodium chloride solution and 3-day drying in laboratory air, and (5) 3-
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day soaking in the sodium chloride solution and 11-day drying in laboratory air.  As shown in 
Fig. 3-12, resistivity of concrete with 50% slag (Concrete C) is higher over the 200 days of 
exposures.  The important observation in this study was that electrical resistivity of slag concrete 
is more sensitive to storage conditions compared to plain concrete. 
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Figure 3-12.  Effect of slag cement on concrete resistivity (Hope et al., 1987).  

 Baweja (1996) also studied the effect of water-to-binder ratio of concrete prepared with 
35% GGBFS by weight of cement.  As shown in Fig. 3-13, electrical resistivity increased with 
time at water-to-binder ratios of 0.45 and 0.55, and resistivities were higher than those of plain 
portland cement concrete (Fig. 3-13a).  However, at a water-to-binder ratio of 0.65, the 
resistivity of slag concrete decreased with time.  Additionally, resistivities of concrete prepared 
with 25% fly ash (Fig. 3-9) were higher than those of concrete prepared with 35% GGBFS, 
especially at water-to-binder ratios of 0.65. 
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Figure 3-13.  Effect of GGBFS on concrete resistivity (Baweja et al., 1996). 

Effects of Chemical Admixtures 
 
Admixtures are ingredients other than water, aggregates, cement, and fibers that are added to the 
concrete immediately before or during mixing.  Proper use of admixtures offers certain beneficial 
effects to concrete, including improved quality, enhanced frost resistance, acceleration or 
retardation of setting time, control of strength development, and improved workability.  
Chemical admixtures include air-entraining agents, normal water reducers, high-range water 
reducers, set retarders, accelerating admixtures, and corrosion inhibitors. 

The specific effects of chemical admixtures on the electrical resistivity of concrete 
apparently have not been investigated.  However, one would expect that the influence of these 
admixtures would be minor compared to other factors mentioned above.  For example, when a 
water reducing admixture (normal or high-range) is used in concrete, the required workability 
(slump) may be achieved at a water-cement ratio lower than that of concrete with no admixture.  
So by using a water reducer, the w/c ratio is reduced.  This, in itself, will increase the electrical 
resistivity of concrete.  Therefore, it may be said that water reducers have an indirect effect on 
electrical resistivity of concrete.  Also, water-reducing chemical admixtures may influence ionic 
concentrations in the pore solution, but because they are used at a relatively low rate, this 
influence is most likely minor. 

Air-entraining agents, because of their influence on the air-void system, will affect the 
electrical resistivity.  Total porosity is a function of air content, and as mentioned earlier in this 
chapter, changes in porosity or pore structures cause changes in electrical resistivity.  
Unfortunately, there is no specific information on the correlation between electrical resistivity 
and concrete air content.  However, Mobasher and Mitchell (1988) showed a correlation between 
air contents and chloride permeability measured by the “Rapid Chloride Permeability Test” 
(ASTM C 1202).  It was found that concretes with air contents of 1.5% and 2.5% have lower 
permeability than concrete with 5.4% air content.  It is known that concretes with lower 
permeability will generally have a higher electrical resistivity than higher permeability 
concretes.  It may be concluded that an increase in air content reduces electrical resistivity. 
However, variations in air content within typical specification ranges (4% to 7% by volume) will 
have only a minor influence on electrical resistivity. 
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Until fairly recently the most common set-accelerating admixtures have been chloride-
based.  However, because of their corrosion potential, use of chloride salts, especially in 
prestressed concrete, has become limited.  However, information as to the effects of chloride on 
electrical resistivity is still of interest.   

The effect of the concentration of sodium chloride on electrical resistivity of concrete was 
studied by Henry (1964).  Concrete with water-cement ratio of 0.44 was tested.  Sodium chloride 
was added to the mixing water.  Four different salinities ranging from 0 to 31.3 g/kg were used.  
As shown in Fig. 3-14, the concrete with no sodium chloride has the highest electrical resistivity 
over the testing period.  However, the differences in resistivity among these concretes were not 
great. Hunkeler (1996) reported resistivity data on the effect of chloride on concrete resistivity.  
Addition of 0.45% chloride reduced the resistivity by 27%. 

0
1

1000

2000

3000

4000

5000

10160

15240

20320

25400

10 100 1000

NaCl = 31.3 gm/kg

NaCl = 0

NaCl = 23.0 gm/kg

NaCl = 5.22 gm/kg

R
es

ist
i v

ity
, o

hm
  c

m

Time (hours)  
Figure 3-14.  Effect of NaCl on concrete resistivity (Henry, 1964). 
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The effect of calcium chloride on the electrical resistivity of cement paste was studied by 
Monfore (1968).  For a cement paste with w/c ratio of 0.5, the electrical resistivity at 7 days 
decreased from 770 to 570 ohm • cm as the concentration of calcium chloride increased from 1% 
to 4% by mass of cement.  At the age of 28 days resistivity decreased from 910 to 690 ohm • cm 
for the same increase in chloride concentration.  

The influence of chlorides on concrete resistivity is related to cement composition and type 
of cementitious materials used in concrete.  For example, C3A hydration products have a 
tendency to bind with chlorides (Rosenberg et al., 1989).  Therefore, the influence of a given 
amount of chlorides on electrical resistivity may be reduced when high C3A cement is used.  
Also the hydration products of GGBFS are effective in binding chloride ions (Dhireral, 1996).  
Therefore, the influence of chlorides on electrical resistivity will be less effective in the presence 
of GGBFS.  Use of corrosion inhibiting admixtures also may  influence the chloride ion 
concentration in cement paste and its effect on electrical resistivity (Rosenberg et al., 1989). 
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Chapter 4 
 

EFFECTS OF CONSTRUCTION PRACTICES AND EXPOSURE 
 
Effects of Construction Practices 
 
Very little information is available concerning the effects of construction practices on the 
electrical resistivity of concrete.  No information was found regarding effects of concrete 
batching, mixing, transport, or placement procedures on electrical resistivity.  Information is 
available, however, concerning the effect of consolidation of concrete on resistivity.  This effect 
is limited to fresh concrete, where electrical resistivity has been investigated as a technique for 
monitoring consolidation of in-place concrete.  Early work at PCA (Monfore and Deno, 1968) 
indicated that the resistivity of concrete decreases as the degree of consolidation increases.  Loss 
of entrapped air during consolidation contributes to the reduction of concrete resistivity.  Fig. 4-1 
shows their data for a number of mixtures.    All mixtures fall on approximately the same curve. 
Such an approach previously was used to determine optimal vibration times for precast elements 
(Abbyasov and Pereberzev, 1966).  In later work Montin and Ahlsen (1979) developed a 
relationship between electrical conductance and density of concrete.  The technique had a stated 
reproducibility of 35 kg/m3 (2 lb/ft3).  Little additional work has been done for this application, 
as the development of nuclear density gages (Lee and Eggert, 1978) offered a more direct and 
reliable method for in-place density determinations. 
 



 34

 

1.6

1.4

1.2

1.0

0.80 0.85 0.90 0.95 1.00

Relative density

R
el

at
iv

e 
el

ec
tr

ic
al

 re
si

st
iv

it y

 
Figure 4-1.  Relationship between relative density of fresh concrete and relative electrical 

resistivity (Monfore and Deno, 1968). 

With respect to curing, while information exists on the effect of time of moist (or air) 
curing on resistivity, only limited data were found regarding the effect of various curing regimes 
on electrical resistivity.  Nolan et al. (1997) included the use of electrical resistivity 
measurements in a study of various curing types (water cure, wet burlap for various periods of 
time, poly sheeting, and air cure).  The purpose of the measurements was to trace the infiltration 
of water into the cured specimens after drying.  Their data were apparently manipulated to yield 
porosity information; therefore actual electrical resistivity data were not presented.  However, as 
the authors stated that “the results show no trends between the various curing regimes,” we may 
infer that they found no effect of curing on resistivity.  Monfore (1968) compared normal 
(laboratory temperature) steam curing (70 °C) and high temperature (170 °C)  autoclave curing 
on electrical resistivity of concrete.  For most concretes tested, the lowest resistivities were 
obtained for those specimens given standard laboratory moist curing.  Highest resistivities 
initially were for autoclaved specimens, but after 28 days of moist storage, resistivities of the 
autoclaved specimens were not substantially different from those of the moist cured concretes. 
 
Effects of Exposure 
 
Temperature.  Ambient temperature has a significant effect on the electrical resistivity of 
concrete.  The temperature dependence of electrical resistivity is almost entirely dependent on 
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the behavior of the electrolyte (McNeill, 1980), which is the fluid filling the pores in concrete. 
As temperature increases, the viscosity of a fluid decreases, increasing the mobility of the ions 
which carry the current.  This leads to a decrease in electrical resistivity of the porous material.  
The general relationship between resistivity and temperature can be expressed by the law of 
Rasch and Hinrichsen (1908) as expressed by the following equation: 
 

 )1T/12T/1(A
12 eRR −⋅=  Equation No. 7 

where 
 1R  = resistivity at temperature T1 
 2R  = resistivity at temperature T2 
 T1, T2 = temperatures (Kelvin) 
 A = constant 

 
Spencer (1937) developed a temperature reduction curve which could be used to correct 

resistivity measurements to a basis temperature of 21 °C (70 °F).  Woelfl and Lauer (1979) 
added data developed by Monfore (1968) to Spencer’s curve; the full plot is shown in Fig. 4-2.  
The close fit of data from these three separate investigations demonstrates the utility of this 
temperature reduction curve in correction of resistivity data taken at temperatures other than a 
standard laboratory condition. 
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Figure 4-2.  Temperature reduction curve for electrical resistivity (Woelfl and Lauer, 1979). 

Hope et al. (1985) determined the effect of temperature on resistivities of concrete across a 
range of water-cement ratios.  Concretes were initially cured at 21 °C (70 °F) for 54 days over 
water.  Next they were placed over a saturated salt solution at 75% RH for an additional 14 days.  
The concretes then were exposed to a series of different temperatures, and resistivities were 
measured at 1 kHz.  Their results are shown in Fig. 4-3.  The lines are basically parallel for all 
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the mixtures, confirming the findings of Woelfl and Lauer (1979).  The data follow the law of 
Rasch and Hinrichsen (1908) with constant "A" equal to 2889.   Elkey and Sellevold (1995) note 
that "A" can vary from 2000 to 5000 in some cases.  This would represent a change in resistivity 
of 3% to 5% per degree Celsius. 
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Figure 4-3.  Effect of temperature on electrical resistivity of concrete across a range of w/c ratios 
(Hope et al., 1985). 
 
Moisture Content.  Of all the variables which have an influence on the electrical resistivity of 
concrete, moisture content has by far the most significant effect.  This is because the 
overwhelming proportion of electrical current passing through concrete is carried by the pore 
fluid (“pore water”).  As moisture content of concrete decreases there is less pore water to carry 
the current, and resistivity increases.  Hunkeler (1996) has indicated that electrical conductivity 
of concrete drops to essentially zero at a relative humidity of approximately 40%.  While the 
paste phase still contains significant amounts of water at this RH, the water remaining in the 
pores is essentially non-conductive.  This is most likely due to surface forces, which render the 
ions dissolved in the pore water immobile.  In the extreme case of oven-dried concrete, 
Hammond and Robson (1955) obtained an electrical resistivity of 4x104 M ohm • cm. The effect 
of percent saturation of concrete on electrical resistivity is illustrated in Fig. 4-4 (Gjørv et al., 
1977).  Concretes were dried from 100% to 20% saturation and the resistivity determined at 
intermediate points.  At 100% saturation resistivity ranged from approximately 3,000 to 6,000 
ohm • cm.  At the lowest moisture content studied (40% of saturation), resistivities ranged from 
100 to 6,000 kohm • cm.  For a given level of saturation the water-cement ratio of the concrete 
also had an effect on resistivity.  As w/c increased, the resistivity decreased.  The effect was most 
pronounced at the lower levels of saturation.  
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Figure 4-4.  Effect of saturation on electrical resistivity of concrete (Gjørv et al., 1977).  
 
 Sellevold et al. (1997) measured electrical resistivities of samples taken from a 
post-tensioned concrete highway bridge after 14 years of service.  Samples were initially water-
saturated, then dried to remove the appropriate amount of water to achieve the desired degree of 
saturation.  Electrical resistivity was determined as a function of degree of capillary saturation, 
which ranged from 70% to 100%.  Resistivity ranged from approximately 10 kohm • cm at 100% 
saturation to 50 kohm • cm at 70% saturation.  In-situ degrees of saturation were in the range of 
80% to 90%.  This would correspond to in-place concrete resistivities of 25 to 15 kohm • cm.  
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Time.  In general, electrical resistivity of concrete will increase with time.  Increases will be 
greater for air curing than for moist curing.  This is because for moist curing the increase in 
resistivity will occur primarily due to the increased hydration of cement and filling of pores with 
hydration products, while for air curing resistivity will increase due to loss of moisture from the 
concrete.  Monfore (1968) measured the electrical resistivity of concrete with w/c of 0.40 which 
was continuously moist cured for 7, 28, and 90 days.  Resistivity increased by a factor of 
approximately 2 between 7 and 90 days.  McCarter et al. (1981) measured changes in electrical 
resistivity of concretes with water/cement ratios ranging from 0.6 to 0.8 and moist cured up to 
120 days.  Resistivities increased by a factor of approximately 1.5 from 1 to 30 days.  After this, 
resistivity changed only slightly with time.  The 30-day values were approximately 90% of those 
measured at the conclusion of the study (120 days).  Results generated by Hope et al. (1985) are 
shown in Fig. 4-5.  Again, the greatest increases in resistivity occur during the first 30 days of 
curing.  Resistivity increases at a slower rate after that point.  It should be mentioned that 
specimens tested by Hope et al (1985) were non-saturated.  This may explain the increase in 
resistivity with increasing water-cement ratio (Fig. 4-5).  

Figure 4-5.  Increase of electrical resistivity with time of moist curing for concrete at four w/c 
(Hope et al., 1985). 

Exposure of concrete to continuous air drying results in large increases in electrical 
resistivity.  Data by Monfore (1968) show that concretes initially moist cured for 7 days and then 
exposed to 50% RH exhibited a 20-fold increase in resistivity after 360 days of drying.  Woelfl 
and Lauer (1979) air cured concretes for 23 days, at which time electrical resistance had 
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increased by a factor of 30 over the value at 3 days.  However, upon exposure to moist 
conditions the resistance fell to approximately100 ohms, a decrease of 200-fold from the air-
cured value.   
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Chapter 5 
 

MEASUREMENT TECHNIQUES 
 
Laboratory Measurements 
 
The items to be considered when discussing laboratory measurements of concrete resistivity are 
1) electrical apparatus and circuitry, 2) measurement cell (if used), and 3) specimen 
configuration and electrical contacts and electrodes.  Typically with materials such as concrete, a 
direct current (dc) measurement cannot be carried out.  Application of a dc potential difference 
across a concrete specimen causes current flow, predominantly carried by ions in the concrete 
pore water.  Interactions occur at the contact electrodes (Hansson and Hansson, 1983).  These 
reactions result in polarization and creation of a counter emf, or voltage. Current cannot be 
accurately measured because of these polarization effects.  In early work, Hammond and Robson 
(1955) utilized low voltages and reversed polarity approximately twice per second.  They also 
used a higher voltage ac bridge when testing drier, higher resistivity samples.  Monfore (1968) 
employed a similar arrangement for dc studies of concrete resistivity.  Hansson and Hansson 
(1983) overcame this polarization problem by determining current as a function of applied 
voltage, the slope of the line yielding the dc resistance of the sample.  Hughes et al. (1985) 
employed a similar approach, using small applied potentials of 4, 6, and 8 volts and allowing 
current to decay to a steady-state value prior to measurement. Most other researchers employ ac 
techniques to avoid the polarization effects. 

A wide variety of specimen types, cells, and electrodes have been used in laboratory 
measurements of electrical resistivity of concrete.  A summary of many of these studies can be 
found in Table 5-1.  Specimen sizes vary considerably; prisms and cubes are most commonly 
used, though cylinders also were employed by some investigators.  Use of cubes or prisms 
allows attachment of electrodes to two smooth faces of the test specimen.  For cylinders it is 
necessary to cut off  part of the top surface in order to obtain a smooth planar surface for 
attachment of electrodes.  One must ensure that whatever specimen type is used, the electrodes 
have intimate contact with the specimen surface.  As seen from Table 5-1, this can be 
accomplished in a number of ways.  Early studies used conductive graphite gels or pastes. These 
are effective, but can stain equipment or personnel if precautions are not taken.  They also dry 
with time if not shielded with polyethylene film or other moisture barriers.  Cement paste also 
has been used, but suffers from much the same disadvantages as graphite paste.  If an 
appropriate cell is used to hold the specimens, an electrolytic solution can be used to ensure 
intimate contact.  However, this requires that the specimen be tested in a saturated condition.  
The most adaptable mode of contact is to embed electrodes into the fresh concrete.  Then the 
specimen can be conditioned to various moisture states without disrupting contact, and it allows 
for more rapid measurements, especially if they are to be performed over an extended period.  
However, this may require somewhat more complex molds and methods of electrical contact. 
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Table 5-1.  Summary of Laboratory Test Methods for Electrical Resistivity of Concrete  
                  (Elkey and Sellevold, 1995) 

 

Study 
Voltage type 

(frequency) 

Specimen 

description 
Electrode type Method of 

contact 

Monfore, 1968 

DC (4-10 V) 

AC (2-8 V) 

(0.1-10 kHz) 

Cubes (1” and 4”) 
Brass plates 

(external) 
Stiff graphite gel 

Hammond & 
Robsen, 1955 

DC (55-3 kV) 

AC (0.002-25 V 
kHz)  

Cubes (4”) 

Prisms (4 x 4 x 1”) 

Brass plates 

(external) 
Stiff graphite gel 

 Hughes, 1985 DC (4-8 V) 

AC (10V) 

Cubes (150 mm) 
Brass plates 

(external) 

Fluid cement 

paste (w/c = 0.5) 

Woelfl, 1979 
AC (6 V) 

(60 Hz) 
Prisms (1 x 2 x 6”) 

slim rods 

(material N/A) 
Cast in 

Hauck, 1993 AC 

Cylinders 

(100 mm dia. X  

51 mm) 

iron mesh 

(external) 

Electrolytic 

solution 

Hope, 1985 AC (1kHz) 
Prisms 

(25 x 25 x 100 mm) 

Brass or steel 

rods 
Cast in 

Bracs, 1970 Not available Cubes (6”) Steel wire Cast In 

Cabrera, 1994 AC (10V) Cubes (100 mm) 
Brass plates 

(external) 

Fluid cement 

paste 

Hansson, 1983 DC (3-9 V) 
Prisms 

(90 x 70 x 50 mm) 

Perforated steel 
plates 

(30 x 30 mm) 

Cast in 

Bhargava, 1978 
AC (0.5-1.5 V) 

(0.1-50 kHz) 

Prisms 

(40 x 40 x 160 mm) 

Hardened  

cement paste 
w/Pt black 

Cast in 



 42

Electrodes can be of various types.  Brass is the most commonly used material, but steel 
also is used.  They can be meshes or plates.  Elkey and Sellevold (1995) note that the amount of 
force used to hold the electrodes in place can influence the results obtained.  The resistance 
normally decreases with the amount of force used, because the contact progressively eliminates 
air gaps between the electrode and concrete surfaces.  This increases the effective solid area of 
contact, lowering resistance in accordance with Equation No. 8. 

 
A

LR ⋅ρ
=  Equation No. 8 

where 
 R = resistance (ohm) 
 ρ  = resistivity (ohm • cm) 
 L = length (cm) 
 A = area (cm2) 

In the case of embedded electrodes, wires or thin rods normally are used.  In these cases, 
however, the flow path may not be defined well enough to calculate a true resistivity.  If a cell is 
available with the same geometry as the specimens, a “cell constant” may be determined from 
testing a solution of known resistivity.  Then this constant can be applied to measurements 
carried out on concrete specimens having the same geometry and placement of the embedded 
electrodes.  The advantage of such embedded electrodes is that they may be left in place in the 
concrete.  This allows for more rapid resistivity measurements to be carried out, and defines a 
constant zone of contact throughout the period of measurements.  This allows for more 
reproducible measurements to be taken.    
 
Field Measurements 
 
Field resistivity measurement of concrete is used mainly as an indicator of reinforcement 
corrosion activity.  As mentioned earlier in this report, electrical resistivity is an important 
component of a corrosion cell.  The higher the resistivity, the lower the corrosion current passing 
between anodic and cathodic areas of the reinforcing steel. As a result, resistivity plays a 
significant role in controlling the reinforcement corrosion rate.  Measurement of concrete 
resistivity can be used with other corrosion techniques (e.g., half-cell potentials) to predict 
possible corrosion activity and to assess its potential severity (Millard, 1991; Gowers and 
Millard, 1999; Broomfield, 1997). 

The concept of resistivity measurement in the field is quite simple; however, it is difficult 
to obtain accurate readings.  The potential sources of error in field resistivity measurements will 
be presented in this chapter.  Some of these can be significant.  Three techniques currently are 
used in measuring in-situ electrical resistivity. These are the two-probe technique, the four-probe 
technique, and a single-electrode resistivity measurement method. 
 
Two-Probe Resistivity Measurement Technique.  This method is based on passing an 
alternating current between two electrodes placed on a concrete surface and measuring the 
potential between them.  This is a very simple technique, but unfortunately it has significant 
limitations and sources of error.  The first disadvantage is that the measurement is influenced 
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mainly by that area of concrete in close proximity to the electrode tip (Millard, 1991).  If the 
electrode is placed directly over a piece of aggregate, the reading will be much higher than the 
actual concrete resistivity. This is because the resistivity of aggregate, as mentioned earlier in 
this report, is much higher than that of the surrounding matrix.  Millard (1991) indicated that 
90% of the resistivity reading represents an area with a diameter equivalent to 10 times the 
contact radius of the electrode tip. 
The contact radius has a significant effect on resistivity measurement using this method.  A 
smaller contact radius will cause a higher resistivity reading than that obtained with a large 
radius over a given area of concrete.  A common, but not practical, procedure  usually is used to 
reduce errors associated with this method.  In this procedure, electrodes are placed in pre-drilled 
holes filled with a conductive medium in order to provide intimate contact with the concrete. 
Millard (1991) states that for a commercially available resistivity meter, the recommended size 
of these drilled holes is 6.5 mm in diameter and 8 mm in depth.  It would obviously be time-
consuming to drill multiple sets of two such holes in a given concrete structure. 
 
Four-Probe Resistivity Measurement Technique.  The four-probe method currently is 
the most widely used technique for field measurement of concrete resistivity.  This method 
originally was developed by Wenner (1916) to measure earth resistivity.  As shown in Figure 5-
1, four electrodes are equally spaced, and a small alternating current is applied between the outer 
electrodes while potential is then measured between the inner electrodes.  The resistivity is then 
calculated using the following equation: 
 

 
I

VA2 ⋅⋅π
=ρ  Equation No. 9 

where 
 ρ  = resistivity (ohm • cm) 
 a = distance between inner electrodes (cm) 
 V = voltage (volts) 
 I = current (amperes) 
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Figure 5-1.  Wenner technique for measuring resistivity (Gowers and Millard, 1999).  

 One immediate advantage of this technique over the two-probe arrangement is that the 
four-probe method measures the resistivity of the concrete area between the inner electrodes.  
This is a larger area than that of the probe tip itself.  The influence of aggregate therefore can be 
avoided when the spacing between the inner electrodes exceeds the size of  the largest aggregate 
particle.  This will yield a more reliable resistivity reading.  A spacing of 50 mm is enough to 
give relatively accurate resistivity readings for most concrete structures (Millard, 1991).   

Currently, there are several commercially available devices using the four-probe technique.  
In one design, the four probes are spring loaded in order to provide better contact with the 
concrete surface.  Other devices use a wetting gel which is automatically discharged when the 
electrode is pushed against a concrete surface.  One design utilizes wooden plugs at the tips of 
the electrodes (Broomfield, 1997). 

There are several factors which influence the resistivity measurement when the four-probe 
technique is used.  These factors include 1) geometrical constraints, 2) surface contact, 3) 
concrete nonhomogeneity, 4) presence of steel reinforcing bars, and 5) surface layers having 
different resistivity than the bulk of the concrete.  Gowers and Millard (1999) thoroughly 
investigated these factors, and their findings are summarized below. 

The size of the concrete structure compared to the electrode spacing has an effect on 
resistivity measurements.  Wenner’s method is based on the assumption that resistivity values 
obtained from Equation No. 9 are accurate if current and potential fields exist in a semi-infinite 
volume of material.  Therefore, resistivity readings will be more accurate for structures with 
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relatively large dimensions.  Gowers and Millard (1999) found significant errors occur in 
measuring thin concrete members or near edges.  It is recommended that the spacing between 
electrodes not exceed ¼ of the minimum concrete section dimension. 

Surface contacts are less critical for the four-probe method than for the two-probe 
technique.  However, adequate electrical contact should be established between electrodes and 
the concrete surface, such as by use of a conductive gel. 

It also is assumed in using the Wenner method that the material to be tested is 
homogenous.  Therefore, it is to be expected that inhomogeneities will affect electrical resistivity 
measurements.  A high-resistivity aggregate surrounded by low-resistivity cement paste is the 
source of such inhomogeneities.  The effect of aggregate can be reduced by increasing the 
spacing between the inner electrodes.  It was found that the coefficient of variation in resistivity 
measurements will not exceed 5% if the spacing between the inner electrodes is greater than 1.5 
times the aggregate maximum particle size (Gowers and Millard, 1999). 

The presence of steel is an important factor influencing the electrical resistivity of 
reinforced concrete.  Gowers and Millard (1991) showed that the errors associated with the 
presence of steel are significant only when measurements are taken directly over a reinforcing 
bar.  Errors can be minimized if measurement is taken between bars or orthogonal to a bar. 
The difference in resistivity between the surface layer and the underlying concrete will have an 
influence on field resistivity measurements (Millard and Gowers, 1991).  If the resistivity of the 
surface layer is higher than that of the underlying concrete, such as in the case of a carbonated 
surface, the error in measured resistivity of the underlying concrete will be small.  However, if 
the surface layer resistivity is low, such as in the case of a wet surface layer, the error in 
measured resistivity of the underlying concrete will be more significant. 
 
Single-Electrode Resistivity Measurement Method.  This relatively new method is based 
on using a small metallic disc placed on the concrete surface as an electrode and a reinforcing 
steel bar as a counter-electrode (Feliu et al., 1996; Broomfield, 1997).  Concrete resistivity is 
calculated using the following equation (Broomfield, 1997): 
 

 Resistivity (ohm • cm) = 2 • R • D Equation No. 10 
where 

    D = diameter of the metallic disc (cm) 
    R = resistance (ohm) 

 

The advantage of this method is that the location of the test point is irrelevant, since the 
influence of the reinforcing steel is eliminated.  Using this technique, the resistivity of  the 
concrete which forms the cover over reinforcing steel is measured.  One major disadvantage, 
however, is the sensitivity to contact resistance (Broomfield, 1997).  
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Chapter 6 
 

SUMMARY, GUIDELINES, AND NEEDED RESEARCH 
 
Summary 
 
In this literature survey, the fundamentals of electrical resistivity have been reviewed.  The 
electrical resistivity of concrete is a measure of its ability to resist passage of electric current.  
This has significance in many important applications of concrete, including: 
The insulation of concrete railway ties from metallic rails, which are used to carry signal currents 
on long-line railroads. 

• Similar insulation of concrete railway ties or grade crossing from rails in electrically 
powered rapid transit lines, such as “light-rail” urban systems, where the rails carry the 
return current. 

• High-resistivity, low-permeability concrete for applications where reinforced concrete 
elements are exposed to corrosive conditions. 

• Special high-resistivity concretes for electrical power insulation applications. 

Various theoretical treatments of the  problem of predicting electrical resistivity using 
constitutive relationships have been attempted.  There is as yet no exact method for predicting 
the electrical resistivity of a given concrete.  In most cases, resistivities of moist concretes fall 
into what is termed a “semi-conductive” range.  Values of electrical resistivity from 1,000 to 
5,000 ohm • cm are typical.   

There are many material effects on concrete resistivity. Cement type and chemistry have an 
effect.  High-alumina cements (HAC) have higher resistivities than portland cements when used 
in concretes of similar mix proportions and curing.  For portland cements, low-alkali cements 
have somewhat higher electrical resistivities than high-alkali cements, but the difference is not 
thought to be significant.  High C3A contents in portland cements tend to increase resistivity as 
well.  As the total amount of cement in a given concrete mixture is increased, however, the 
resistivity decreases.  This is because electrical current is carried primarily by the cement paste 
phase, not the aggregates. 

In terms of concrete mix design, electrical resistivity also is influenced by the water-
cement ratio of the concrete.  As the water/cement ratio is decreased, the resistivity increases.  
Resistivity can be doubled by a decrease in water/cement ratio from 0.60 to 0.40.  The change in 
resistivity affected by changes in water/cement ratio is greater at lower concrete moisture 
contents as opposed to saturated concrete. 

Use of supplementary cementing materials (also known as mineral admixtures) such as fly 
ash, GGBFS, and silica fume can help to increase electrical resistivity of concrete. Resistivities 
of fly ash concretes can be many times that of the same mix without fly ash.  Silica fume can 
even more dramatically increase the electrical resistivity of concrete.  High dosages of silica 
fume (up to 20% by mass of cement) can result in more than a 10-fold increase in electrical 
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resistivity of concrete.  The use of GGBFS can also increase concrete resistivity, especially at 
later ages, where increases of 4 to 5 times over plain portland cement concretes have been 
observed.  The effects of chemical admixtures, on the other hand, have not been as extensively 
investigated.  Chloride salts, such as calcium chloride, will decrease electrical resistivity, as 
would be expected due to higher conductivity of chloride solutions.  

There are significant environmental influences on concrete resistivity.  As concrete is an 
electrolytic conductor, its resistivity will decrease with an increase in temperature.  Near 
temperatures of 40 °C (120 °F) resistivity may be half of what it is at 20 °C (70 °F).   This may 
have implications where concrete must have high resistivity for insulation purposes.  Moisture 
content also is a very important environmental influence and most likely has the most significant 
effect on concrete resistivity of any one variable.  This is because most current is carried through 
the pore solution in concrete.  The more porous the concrete is, and the more saturated, the 
greater the electrical current that can be carried, and the lower the resistivity of the concrete.  
Concrete resistivities can vary by two orders of magnitude between the saturated and dry states.  
Concretes with high water-cement ratios tend to have lower resistivities when their pore systems 
are saturated.  Time is also a factor.  The resistivity of concrete, if moist cured, generally 
increases over time.   Resistivity may double within the first 90 days of curing.  Air-dried 
concretes also may increase in resistivity over time.  However, this is due more to the effect of a 
loss of moisture content with time, rather than the effects of time.  

This report also contains information on measurement techniques for concrete resistivity.  
There are no standard ASTM or AASHTO methods for measuring the resistivity of concrete.  
Therefore a wide variety of methods have been used, especially in laboratory studies.  There is 
no standard specimen or apparatus.  It is important, however, that intimate contact be made with 
the test specimen so that erroneous effects of air gaps are removed.  Alternatively, contact can be 
made through embedded electrodes.  Although this complicates specimen preparation somewhat, 
it ensures good, reproducible contact throughout a series of tests over an extended time, and 
defines a constant contact zone for the measurement.  In general, measurements of resistivity are 
made using alternating current circuitry, even if the quantity desired is the dc resistivity.  If dc is 
used for the measurement, polarization will result in unstable or erroneous readings.  However, 
at low frequencies ac and dc measurements will be similar and polarization can be avoided.   
Only a few techniques are available for field measurement of resistivity of concrete structures. 
Measurement of concrete resistivity in the field is most commonly done in conjunction with 
surveys of corrosion of embedded reinforcing steel in reinforced concrete structures.  The most 
widely used technique is based on a four-pin method originally developed for determination of 
in-situ soil resistivity.  The technique is influenced by the presence of reinforcing steel 
immediately below the probes, and by low resistivity surface layers of concrete.    
 
Guidelines 
 
The information gathered during this survey has defined the parameters which have a significant 
influence on electrical resistivity of concrete. These include, though not listed in any  particular 
order of importance, 1) paste content of concrete, 2) water-cement ratio, 3) moisture content of 
concrete, 4) time of moist curing, 5) chemistry of cement, 6) use of SCMs, and 7) presence of 
chemical admixtures.  



 48

The following guidelines, in general, can be used to increase resistivity of concrete. In 
most instances concrete cannot be made into a complete insulator and will always pass a small 
amount of current. 

1. Use the lowest amount of paste in concrete which is compatible with workability and 
placeability requirements. It is the paste which passes the vast majority of electrical current.  
Lowering the proportion of paste will lower the conductivity and increase the resistivity 
accordingly. 

2. Incorporate good quality pozzolans such as fly ash, GGBFS, silica fume, and natural 
pozzolans in the mixture.  These will increase the resistivity of the concrete, generally in 
proportion to the amount added.  Concrete must be properly cured, however, to realize the 
benefits of the use of pozzolans.  Long-term curing will substantially reduce permeability, 
especially when pozzolans are added. 

3. Avoid the use of admixtures which will increase the conductance of the pore fluid.  These 
include calcium chloride and other ionized inorganic salts.  

4. Resistivity will decrease with an increase in temperature.  Unfortunately, temperature is not 
controllable under field conditions.  Designers must be aware of this variable, however. 

 
If possible, after curing is complete, dry the concrete and maintain it in a dry condition.  Dry 
concrete can be two orders of magnitude higher in resistivity than concrete in a saturated 
condition.  It is difficult, however, to maintain concrete in a dry state when exposed to the 
outside environment.  The application of coatings or sealers may be necessary to ensure that a 
minimum of moisture reenters the concrete after drying.  A good drainage system will protect 
concrete structures from an excessive accumulation of moisture. 
 
Needed Research 
 
There are a few areas in which further research is needed with regard to electrical resistivity of 
concrete.  These include the areas of materials effects, measurements, and environmental effects.  
A brief list of items for which research is needed follows: 

1. A need exists for development of a concrete with high electrical resistivity.  It should be 
resistant to environmental changes and competitive with alternative materials.  The 
concrete should be amenable to production in standard precast concrete facilities (as for 
prestressed railway tie applications).  Production of cast-in-place concrete having high 
resistivity is less promising, as problems such as the inability to remove moisture from the 
concrete may be impractical under field conditions.  

2. In order to develop and test the resistivity of concrete, a standardized test procedure is 
needed.  Currently there are a variety of methods available, and results differ somewhat 
depending upon what method is used.  A standardized test procedure (in ASTM format) is 
needed so that all investigators can use the same technique and obtain results which can be 
compared. 
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3. Techniques need to be developed to stabilize low moisture content in concrete.  This will 
promote high electrical resistivity.  When the concrete then is exposed to environmental 
conditions, the resistivity will be stable, rather than returning to relatively low values upon 
rewetting. 

 
More information is needed on the effects of aggregates and admixtures on concrete resistivity.  
There is a lack of information as to how various aggregate types and use of water reducers or 
variability in concrete air content may affect electrical resistivity of concrete. 
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