
1 INTRODUCTION  

Concrete structures are required to build a strength 
and durability. Moreover, it is also required to eco-
nomically construct. Therefore, construction man-
agement is important. In construction management, 
we have some test the quality of the concrete at the 
time of acceptance. Even passes through the test, ini-
tial defects such as cold joint occurs. It is defined as 
that of a point where consolidated fresh concrete did 
not integrated. Cold joint causes a decrease in the 
strength and durability.As one of its occurrence fac-
tors, it is said that time of placing fresh concrete. 
Placing on consolidated fresh concrete permissible 
time in Japan Standard Specification for Concrete 
Structures, it has only been recommended within 1.5 
to 2 hours from mixing.  For setting time of the 
concrete depends on the hydration rate of cement, it 
is affected such as the cement species are chemical 
admixtures and temperature. Therefore, the envi-
ronment and the materials used for each field differ-
ent, just placing on consolidated fresh concrete per-
missible time is considered to be difficult to avoid 
cold joints. By monitoring the concrete structure in 
real time, which leads to preventing the defective 
construction in advance. Recently, Trent method 
and a surface water absorption test has been sug-
gested as a method of inspecting a concrete structure 
by non-destructive test. However, these tests can on-

ly use the concrete after hardening. Therefore, it 
cannot contribute to prevent initial defect. Thus, the 
method of evaluating the performance of the struc-
ture under construction is necessary for the efficient 
construction. The authors have proposed to assess 
the state of the concrete using the four-probe re-
sistance for nondestructive inspection easily. The 
four-probe is a method of assessing the condition of 
the concrete from the electrical resistance, which is 
measured directly electrode is inserted into the con-
crete. Electric resistance value measured in the hard-
ening. In previous studies has reported that there is a 
correlation between compressive strength and car-
bonation rate. However, study of measuring the elec-
trical resistance of the fresh concrete is few, not 
known electrical resistance value is what kind of be-
havior. Whereas the electrical conductivity has been 
research in fresh concrete. Electrical conductivity of 
the fresh concrete has been reported to be correlated 
with the setting time1). Accordingly, it has been re-
ported to be an indicator of the cold joint. It is recip-
rocal of electrical resistance. Therefore, even the 
electric resistance value of the fresh concrete we 
thought that there may be related to the setting time. 
If there is a correlation, it can be proposed that the 
electric resistance value of the quality of concrete as 
a means to continuously monitor to hardening from 
placing. This study was conducted to measure the  
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four-electrode method. It was aimed to confirm ob-
tained electric resistance value and set time relation-
ship. 

2 EXPERIMENTAL OUTLINE AND RESULT 

2.1 Measurement method for electrical resistance 
using four probe 

In this research, the specific electrical resistance in-
side concrete was measured by the four-probe elec-
trode method with direct current (DC). Generally, al-
ternating current (AC) is used for this method. 
However, an AC power supply requires the large 
size machine and it is difficult for transporting to the 
construction site. The DC power supply is small and 
lightweight as compared to the AC power supply, 
and measurement on a construction site is possible. 
In addition, it is possible that the DC power machine 
is the power supply generating and measurement in 
one set. However, DC is susceptible to charge com-
pared to AC. Therefore, the influence of electrifica-
tion was made as small as possible by using a DC. 
Figure 1 shows the outline for four-probe electrical 
method. The formwork is obtained the 60×60× 
300mm in order to eliminate the influence of bleed-
ing. The electrode position was depth of 30mm from 
the surface of concrete.  

 

 

 

 

 

 

 

 

The terminal used for measurement of specific re-
sistance is an aluminum wire, and the distance in-
stallation interval was set at 40mm. Further Elec-
trodes were fixed in position for passing current by 
winding an insulator. Using voltages were 1V and 
10V. Three different W/C of concrete was used as 
shown in Table 1. Electrical resistance value in order 
to receive the effects of temperature, specimen after 
placing, it was immediately allowed to place in the 
room of humidity of 60% at a temperature of 20 de-
grees Celsius.   

2.2 Electrical resistance measurement results 
Figure 2 shows the measurement results of the elec-
trical resistance. Behavior of the electric resistance 

W C S G
30 560 755 859
50 336 843 959
65 258 873 994

Kind of
cement

W/C(%) s/a(%) Unit weight(kg/m3)

N 48 168

400 mm

60mm
Electric area

40mm

30mm

2mm

Table 1. The Mix proportion applying to fresh concrete test 

Figure 1. Outline of measurement method for electrical resistance using four-probe 

400 mm
60mm

60mm

Photo 1. Electrical resistance using four-probe 

1343



value showed a tendency different from the behavior 
after hardening. Electrical resistance showed behav-
ior that firstly the electrical resistance is decreased 
quickly at cement contacting water, and after then it 
is increased slowly. That was regardless of the water 
cement ratio. To capture the decreasing behavior 
finely was able better 1V than 10V. We consider 
that overvoltage in the measurement of 10v in fresh 
concrete. 

2.3 Relationship of the electrical resistance and the 
electrical conductivity 

Behavior of electrical conductivity correlates with 
setting time .Thus, if the correlation to the behavior 
of the electrical resistance and the electrical conduc-
tivity, even in the electric resistance value is consid-
ered to be correlated with setting time. The meas-
urement of electrical conductivity, typically those 
used in water quality testing was used it embed into 
the concrete. The probe used for the measurement is 
shown in the photo 2. Specimen of the electrical 
conductivity were used φ100 × 200mm. Electrical 
conductivity meter was placed from the surface to 
the 30mm position. It specimen after placing, it was 
immediately allowed to place in the room of humidi-
ty of 60% at a temperature of 20 degree Celsius. It is 
shown in Figure 3 the results of measurement of 
electrical conductivity in the fresh concrete. Behav-
ior of the electrical conductivity is opposite to the 
electric resistance value, which is increased to de-
crease. In addition, the trend was similar regardless 
of the water cement ratio. It is shown in Figure 4 re-
lationships of the electrical resistance and the elec-
trical conductivity in N 50%. After contacting water, 
the electric resistance value decreases, the conduc-
tivity began to increase. The time behavior is 
changed, the electrical conductivity and the electri-
cal resistance values were generally consistent. 
Therefore, it confirmed the relationship of the be-
havior of the electric resistance value and electrical 
conductivity. 

2.4 Setting time and electric resistance 
Since the time change of behavior the electrical con-
ductivity and the electrical resistance value was the 
same. Accordingly, since the setting time and the 
electrical conductivity in previous studies are relat-
ed, even in the electric resistance value was thought 
that there may be correlated with the setting time. In 
order to confirm the setting time of the relationship 
with the electrical resistance value, it was carried out 
Penetration resistance method. It was carried out in 
the Table 1. Until the end of the condensation 
comes, we continued to measure the penetration re-
sistance value. 
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Figure 4.Relationship of the electrical resistance 
and the electrical conductivity 
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Figure 2. Measurement of electrical resistance  
in concrete 
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2.5 Penetration resistance value and the electric 
resistance value 

The relationship between the penetration resistance 
value and the electric resistance value it is shown in 
Figure -5, 6, 7. Electric resistance value was also in-
creased when the Proctor penetration resistance val-
ue started to increase. There was no relationship to 
the initial setting time and final setting time. How-
ever, the water cement ratio 50, 65, penetration re-
sistance value when the electric resistance value be-
gins to increase showed 0.1N / mm2. This value is a 
lower limit occurs timing of the cold joint from pre-
vious studies1). Electrical resistance of fresh concrete 
is related to setting time, in other words it can be 
said to be an index time of placing on consolidated 
fresh concrete. Behavior of the electric resistance 
was associated with the setting time from the results 
from above. However, the reason why there was a 

correlation is not known. Therefore, we aimed to 
clarify the factors that the electrical resistance corre-
lated with setting. Progress of the setting time is that 
is the progress of the hydration. Progress of the hy-
dration affects the setting. Therefore, it was decided 
to confirm the relation between the hydration and 
the electrical resistance value for clarify of the be-
havior factors. To measure the heat of hydration us-
ing a conduction calorimeter in order to observe the 
progress of the hydration. However, the test of con-
duction calorimeter carried out in the cement paste. 
So, we carried out to confirm the behavior of the 
electrical resistance value by the cement paste. In 
addition, it was decided to check the effect of the 
aggregate of the electrical resistance value from ce-
ment paste results. Specimens used in the cement 
paste were the same as those used for concrete. 
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Figure8. Relationship of the electrical resistance of 
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Figure13. Relationship between the electri-
cal resistance values and hydration heat 
generation rate in BC50 

2.6 Electrical resistance of the cement paste results   
Shown in Figure 8 the measurement result in the 
cement paste. Electrical resistance was decreased 
and increased after contacting water without depend-
ing on the water cement ratio as well as the concrete. 
Compared with the measurement result of the con-
crete, the time that the electric resistance began to 
increase does not change regardless of the water ce-
ment ratio. But electric resistance is shown a small 
value, it can be said to be influenced by the aggre-
gate.  

2.7 Effect on the electrical resistance value due to 
the cement kinds 

Hydration reaction is due to the cement ratio, also 
affect the cement species. To determine the relation-
ship the heat of hydration and the electrical re-
sistance value, we decided to also make sure the re-
lationship between the different cement species of 
electrical resistance value and hydration reaction. 
Therefore, the measurement of the electrical re-
sistance of the different cement types were measured 
using a cement paste. Cement used was to replace 
the BFS to OPC. Replacement ratio of BFS used 

was of 45, 70%. The BB was replaced 45 percent of 
the BFS. The BC was replaced 70% BFS. Figure 9 
to show the electric resistance values were measured 
using a cement paste in different cement types. Re-
gardless of the replacement rate of the BFS, the be-
havior of the electrical resistance did not change. 
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2.8 Hydration heat and the electric resistance value 
Hydration heat obtained from the conduction calo-
rimeter to change the behavior. In this study it was 
measured from stirred for 1 minute after water con-
tact. Figure 10 shows the measurement result of the 
heat of hydration. Hydration heat generated regard-
less of the water cement ratio, 120 minutes per after 
water contact, showed a behavior that increases after 
the decrease. In addition from 2.6, we measured the 
hydration heat generation in order to see the rela-
tionship with the electrical resistance values of the 
different cement species. Figure11 shows the meas-
urement result of hydration heat in different cement 
kinds. It is shown in Figure 12 the relationship be-
tween the electrical resistance value and the hydra-
tion heat generation rate in N 50%. Regardless of the 
water cement ratio, generally the same time that the 
behavior of the heat of hydration and the electrical 
resistance value changes. It is shown in Figure13 the 
relationship of hydration heat and the electrical re-
sistance value in BC. Regardless of the replacement 
rate of BFS, time electrical resistance value decreas-
es and the hydration heat generation of time to de-
crease was generally same. 
Behavior of decreasing hydration heat generation 
rate it is to show the elution of ions. Therefore, the 
behavior of the electric resistance value is consid-
ered that captures the timing of the elution starting 
calcium ions. C3S in the cement reacts with water, it 
is known to elute calcium ions. In this study, we fo-
cused on high conductivity calcium ion. The change 
in calcium ion concentration was measured by ion 

chromatography, and then confirm the relationship 
between the electrical resistance value. Also, the 
cement with the progress of the hydration for pro-
ducing hydrated product. To generate a hydrate with 
the progress of the hydration reaction. Therefore, to 
confirm the relationship between the electrical re-
sistance and the hydration product using ignition 
loss test and TG-DTA test. 

2.9 Measurement of hydration 
Samples used for the ion chromatography, ignition 
loss and TG-DTA were taken on the basis of the 
method shown in Figure 14. Placing the cement 
paste to the plastic-made bottle, and allowed to stand 
in the room of humidity of 60% at a temperature of 
20 degree Celsius. Removed from the room of hu-
midity of 60% at a temperature of 20 degree Celsius 
in 5 minutes before the measurement, and extracted 
with the free water in the cement paste by using a 
centrifuge. The resulting the free water was suction 
filtered using a filter paper, and the next ones diluted 
100-fold as a sample for ion chromatography, and 
finally to measure the calcium ion concentration. 
The remaining cement paste is to extract the free wa-
ter, immediately hydrated stopped with acetone, and 
subsequently measured ignition loss at 1000 degree 
Celsius. Further, by using the same as ignition loss 
test samples were measured the amount of calcium 
hydroxide carried out a TG-DTA test.  

2.9.1 Ion chromatography 
It is shown in Figure 15, 16 the measurement results 
in N50%, BB50%. The free water that 240 minutes 

Figure 14 Specimen preparation method 

Specimen 
created

Free water 
extraction

Suction 
filtration

Ion 
chromatography

TG-DTA

ig.loss

Experimental procedure

1347



from the contact water, it was not possible to obtain 
the free water. Calcium ion concentration behaved 
differently in comparison to electrical resistance. It 
was behavior decreases to increase after contacting 
water. The time to change this behavior was general-
ly consistent with the time the behavior of the elec-
trical resistance value changes. However, the electric 
resistance value is that of the high replacement rate 
did not correlate with the dissolution of the calcium 
ion.  

2.9.2 Ignition loss test 
It is shown in Fig 17 the relationship between the 
electrical resistance values and the amount of com-
bined water in N50%. It is shown in Fig 18 the rela-
tionship between the electrical resistance values and 
the amount of bound water in BB50%. Water ce-
ment ratio and regardless of the substitution rate of 
BFS, there is almost no change while decreasing the 
electrical resistance. But, suddenly combined water 

Figure 20 CH and the electrical resistance 
value in BB45 
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Figure 18 Amount of bound water and the 
electrical resistance value in BB50 

Figure 19 CH and the electrical resistance 
value in N50 
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Figure 15 Relationship of calcium ions 
and the electrical resistance value in N50 

Figure 16 Relationship of calcium ions and 
the electrical resistance value in BB45 
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volume increased when the electric resistance start 
increased.  

2.9.3 TG-DTA test 
It is shown in Figure 19, 20 the relationship of calci-
um hydroxide amount and the electrical resistance 
value in N50%, BB50%. At the start of the behavior 
of electrical resistance value increases we were able 
to measure the amount of production of calcium hy-
droxide. From the results of the ignition loss test and 
TG-DTA test, the reason that the electric resistance 
value increased is that water was consumed when 
generating the hydrate. 

3 CONCLUSION 

It is summarized the results obtained in this research 
as follows 
1) The electrical resistance is decreased quickly at 

cement contacting water, and after then it is in-
creased slowly.  

2) Electrical resistance value will affect the aggre-
gate. 

3) The behavior of the electric resistance value is 
correlated with the setting time. 

4) The behavior of the electric resistance value is 
correlated with the hydration reaction. 

5) The behavior of the electric resistance decreases 
was correlated with the elution of calcium ions, 
the behavior of the electric resistance increases 
was correlated with the water consumption. 

 

REFERENCES 

- Murakami.H and Abo.T and 
Iyoda.T,(2011),Effectiveness of setting man-
agement method by specific electric conduc-
tivity, The 11th JSMS (in Japanese) 

- JapanSocietyof Civil Engi-
neers,(2013),Standard Specifications for 
Concrete Structures-2012 Materials and 
Construction, Japan 

- Misaka.T and Iyoda.T (2013).Study on cur-
ing of concrete by the end time judgment of 
the DC specific resistance,SCMT3 

- Iyoda.T and Ota.M and Misaka.T (2013). 
Proposed construction support system for 
estimation setting time and curing using the 
electrical resistance on construction 
site,CONMAT’15 

 
 
 
 
 
 

 
 

 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1349


	Welcome page
	Table of contents
	Author index
	Search
	Help
	Shortcut keys
	Page up
	Page down
	First page
	Last page
	Previous paper
	Next paper
	Zoom In
	Zoom Out
	Print




