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Abstract: Hydration process, crack potential and setting time of concrete grade C30, C40 and C50 were separately 
monitored using non-contact electrical resistivity apparatus, a novel plastic ring mould and penetration resistance method 
respectively. The results show highest resistivity of C30 at the beginning until reaching the acceleration point when C50 
accelerated and overtaken the others, and this period corresponds to its final setting time range, from resistivity derivative 
curve, hydration process can be divided into dissolution, induction, acceleration and deceleration periods, restrained 
shrinkage crack and setting time tests demonstrated the earliest cracking and setting time of C50, therefore, this method 
conveniently and rapidly determines the concrete’s crack potential. The highest inflection time (ti), the final setting time (tf) 
were obtained and used with crack time in coming up with mathematical models for the prediction of concrete’s cracking 
age for the range being considered. Finally, ANSYS numerical simulations supports the experimental findings in terms of 
the earliest crack age of C50 and the crack location that, highest stress concentration is always beneath the artificially 
introduced expansion joint of C50. 
 
Index terms: Concrete hydration, Electrical resistivity, Restrained shrinkage crack, Setting time, Simulation. 
 

 
I. INTRODUCTION 
 
  When cementitious material is mixed with 
water, there is a decrease in the moisture from 
capillary and gel pore microstructure. These 
phenomena lead to the reduction in volume which is 
known as shrinkage. When the material is restrained 
from shrinking, a tensile stress is gradually being 
developed in it, and once the stress generated in the 
material exceeds its attained tensile strength, crack 
erupts. The crack tendency of any cementitious 
mixture depends on many factors such as type and 
quantity of the constituents, temperature, relative 
humidity, age to which it is subjected to drying, 
size/geometry of the structure and the degree of 
restraint [1].   
 
One of the methods to eliminate or reduce the crack 
associated problems is to firstly examine the crack 
potential of any material before being used as a 
concrete's constituent, so that optimum quantity of 
such material would be used. A standard procedure 
for the determination of crack potential of concrete 
upon which any proposed method must comply with 
has been provided [2]. Consequently, a steel ring was 
employed by [3] in order to ascertain the concrete 
restrained shrinkage crack behavior, but it took longer 
time before achieving the required result. Presently 
no research is conducted that correlates the restrained 
shrinkage crack of concrete and its electrical 
resistivity. ANSYS simulation software as it is widely 
used in assessing concrete behavior may yield a 
positive result in concrete crack prediction. Therefore 
these form the basis of the present study.  

Under the present study, three different experiments 
were conducted on concrete samples which include 
electrical resistivity measurement, restrained 
shrinkage crack, and tensile strength. 
Previous researches show that despite that the 
experiment takes time to yield result, restrained 
shrinkage of cementitious materials is influenced by 
some factors such as geometry of the specimen, 
properties of concrete, humidity, shrinkage 
conditions, degree of restraint offered due to the 
stiffness of the restraining element, effect of micro-
cracking and creep parameters of concrete [4]. 
Therefore, this study focuses on monitoring the 
hydration process of concrete samples using non-
contact electrical resistivity apparatus, restrained 
shrinkage crack determination using a novel 
restrained shrinkage plastic ring mould. Finally, 
tensile strength test would be conducted and the result 
would be used with stress values to be obtained from 
ANSYS simulation to predict the crack time. The 
experimental findings of the present study, the 
simulation result and the previous researches would 
then be compared for the purpose of validating the 
methods considered under the present study. 
 
II. MATERIALS AND SAMPLES 
PREPARATION 
 
Ordinary Portland cement P.O52.5 (Table 1), natural 
river sand, crushed stones of average size 5-10mm 
and portable water at varying proportions were used 
to form the concrete samples. 
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Table 1   Chemical composition of Portland cement 
Constit
uents 

Si
O2 
 

Al2
O3 
 

Fe2
O3 
 

M
gO 

Ca
O 
 

Na
2O 
 

K2
O 
 

S
O3 
 

L.
O.I 

% 20.
01 
 

3.2
7 

1.3
9 

1.1
2 

69.
66 

0.0
3 

0.
02 

3.
78 

0.7 

 
 
Three different mix proportions were prepared and 
cast as concrete samples of varying compressive 
strength grades as C30, C40 and C50 presented in 
Table 2. 
 

Table 2 Mix proportion for the different concrete 
grades 

Sampl
e 
Name 

W/
C 

Water 
(kg/m3

) 

Ceme
nt 
(kg/m3

) 

Sand  
(kg/m3

) 

Coarse 
Aggrega
te  
(kg/m3)   

       
C30 0.5

5 
250 455 523 1112 

C40 0.4
8 

250 521 486 1083 

C50 0.4
1 

250 610 447 1036 

      
 
III. ELECTRICAL RESISTIVITY 
 
Each concrete sample was cast in the non-contact 
electrical resistivity mould for resistivity 
measurement of 24 hours; the detailed operational 
procedure of the apparatus is as presented in the work 
reported by [5]. Temperature and humidity conditions 
were maintained at 20 ± 20C and 98±2% respectively 
throughout the experiment. The obtained result is 
plotted and presented under the results section. 
 
IV. RESTRAINED SHRINKAGE CRACKING  
 
A new plastic ring mould shown in Figure. 1 was 
adopted to provide restraint to a shrinking concrete, 
under this experiment, concrete samples of different 
grades as shown in Table 1 were similarly prepared 
and cast in the mould, a glass plate of 1mm thick was 
fixed at half depth of the mould to induce the 
anticipated crack. Having attained its setting time 
strength before hardening, the outer cover of the 
mould and the plate were removed in order to permit 
drying from top and side surfaces until crack 
occurred. The cracking time and location for all the 
samples were monitored and presented under the 
results section. 

 

 
 
Figure 1:  Novel restrained shrinkage ring mould and cracked 
sample 
 
V. TENSILE STRENGTH 
 
Tensile strength of the concrete was obtained from in-
direct method of splitting tensile strength. Samples of 
similar grades were cast in a cylindrical mould of 
150mm diameter and 300mm length. They were 
demoulded after attaining setting time and cured until 
testing age of 1, 2 and 3 days consecutively. 
Compressive strength test was then conducted. The 
tensile strength of the tested samples were then 
calculated from the expression 푓 =  , where 푓  
refers to the tensile strength, 푃 is the compressive 
load at failure, 푑 and 푙 refers to the diameter and 
length of the sample respectively. The values were 
plotted together with ANSYS stress simulation in 
which their intersection predicts crack time of each 
sample. 
 
VI. TENSILE STRENGTH 
 
ANSYS 12.0 software was adopted to simulate stress 
behavior of the concrete samples due to restraint at 1, 
2 and 3 days age. The input parameters used includes 
elastic modulus, temperature and Poisson’s ratio, in 
which their respective values depends on concrete 
grade and age which were obtained based on the 
computational principle proposed by [6]. The ANSYS 
simulation was performed based on the assumption 
that crack do not occur throughout the days. The 
values of the parameters used are shown in Table 3 as 
obtained from experiments and mathematical 
computations based on the theories developed by [7] 
which vary with the concrete grade.  
[7] Normal strength concrete has a thermal 
conductivity ranging from 1.4 to 3.6 w/m-oC, while 
specific heat is highly influenced by density of 
concrete, aggregate type and moisture content 
[8,9,10] this makes it weaker at early age, therefore 
its earlier age-stress may easily out-pass its strength 
gained which finally cause crack earliest. The 
ANSYS model type adopted was Solid 95 
considering the nature of the sample geometry. 
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Table 3 
Input parameters for the ANSYS stress simulation 

 
 
Parame
ters 

         C50         C40        C30 
1
d  

2
d  

3d  1
d  

2
d 

3
d  

1d  2
d  

3
d  

Dcoeff(
m2/d)) 
×10-6 
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0 
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19 
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82 
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.2 
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5 

1.
82 
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87 
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52 

1.
39 

D(m2/d) 
×10-5 
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94 
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54 
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85 
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76 
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4 
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85 

4.
8 
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7 

0.
7 
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7 
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7 
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7 
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7 
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7 

E (MPa) 
×103 

2.
57 

3.
05 

3.3
6 

2.
05 

2.
25 

3.
31 

1.5
6 

1.
99 

2.
39 

P 0.
17 

0.
19 

0.2 0.
16 

0.
18 

0.
19 

0.1
5 

0.
17 

0.
18 

COT  
(/OC) 
×10-6 

15
.5 

15
.5 

15.
5 

15
.5 

15
.5 

15
.5 

15.
5 

15
.5 

15
.5 

휀 -1 -1 -1 -1 -1 -1 -1 -1 -1 
 
 
VII. RESULTS AND DISCUSSIONS 
 
Electrical resistivity 
The electrical resistivity development  ( t ) t 

curve for the first 24 hours is shown in Figure 2, it 
can be observed that all the curves followed the same 
trend and similar to the heat evolution curve of 
cement, with C30 having the highest resistivity until 
after reaching the setting time when C50 out-passed 
them throughout and this is due to low aggregate and 
higher cement content of C50. This finding is similar 
to the previous research findings [11,12]. Figure 3 
shows resistivity derivative curve  d ( ) / d t t  in 
which four periods were identified based on the 
critical points pm, pa and pi upon which the hydration 
process was classified. These periods are dissolution 
period (I), an induction period (II), an acceleration 
period (III) and a deceleration/ diffusion controlled 
period (IV) similar to those period defined and 
presented in the previous research[9,10] []. Therefore, it 
is proved that electrical resistivity measurement is an 
effective indicator of the hydration process of 
concrete as it has been established in the case of 
cement pastes [13]. It also shows that, as the concrete 
is hydrating, the pores are decreasing, thereby making 
the mixture less conductive to electricity and the 
phenomenon continues, as such making it a semi 
conductor. Another identified point on the curve is 
inflection point for the various samples as shown in 
Figure 3. It can be seen that the time upon which final 
inflection occurred is delayed with lower concrete 
grade, this is evident when considering the inflection 
time of C50 as 16.38 hours which is earliest than 
those of C40 and C30 which are 18.45 and 19.47 
hours respectively. Therefore, this confirms the 
higher resistivity of mixture containing higher cement 
and lower aggregate content after setting time. 

 
 

Table 4  
The influence of concrete grade on inflection point, 

cracking and setting time 
 

Sample Inflection Time 
ti(hours) 

Cracking 
Time tc 
(hours) 

Setting Time 
(hours)  

IInitia
l 

FFinal 

   C30      19.47    70.03  7.58  10.38 

   C40      18.45    64.32  7.18  10.33 

   C50      16.38    50.22  6.32  8.83 

 

 
 

Figure 2: Resistivity Development of Concrete for a Period of 
1440 Minutes 

 

 
Figure 3: Sample Resistivity Derivative Curve for C30 

 
Crack susceptibility  
Based on the result obtained from crack susceptibility 
test shown in Table 4, it indicates that C50 cracked at 
50.22 hours after casting which is earlier than that of 
C40 that cracked at 64.32 hours and C30 that cracked 
at a later time of 70.03 hours. This signifies that the 
higher the concrete grade, the earlier the crack time 
which therefore reveals its higher susceptibility to 
crack. Therefore, the new plastic ring mould can 
predict the crack time of concrete mixture within a 
short experimental period therefore useful in quality 
control of concrete mixture. 
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Relationship between electrical resistivity and 
restrained crack results 
A mathematical model for the prediction of crack 
time of concrete based on electrical resistivity has 
been developed. This has been achieved from the 
linear fitting between the inflection points for various 

concrete samples identified on the ( ) /d t dt t 
curves and their respective crack times as shown in 
equation 1 below:  
푡 = 6.47푡 − 55.58, the regression coefficient 
푅 = 0.99857−− −−− −− −−−(1) 
 
Where, tc and ti are the crack and inflection time 
respectively in hours. It has been proved that 
concrete’s electrical resistivity can be effectively 
utilized to predict the crack tendency of concrete 
within the grades considered. Equation 1 shows that 
highest concrete grade (C50) has higher crack 
potential and vice-versa; this finding is useful at 
design stage to enable the adoption of optimum 
quantity of the concrete’s constituents in order to 
avoid the risk associated with restrained shrinkage 
crack. 
 
Numerical analysis by ANSYS result  
Stress analysis has been performed using ANSYS 
software, the sample result is shown in Figure 4 for 
C50 and complete result is shown in Table 4. It can 
be seen that, C50 has higher stress value of 2.049 
followed by C40 and finally C30, the values of which 
must have exceeded the tensile strength of the 
respective sample at that age therefore leads to crack. 
It is obvious that higher concrete grade-lower water 
cement ratio mixture has high modulus of elasticity 
and always releases largest heat at early age of 
hydration [12]. The result indicates that C50 has higher 
crack potential than the other two concrete grades; 
this confirmed the experimental result in terms of 
crack susceptibility analysis. 
 

 
Figure 4: Sample ANSYS Result for the Stress Computation in 

the Restrained Sample 
 

 
Figure 5: Crack Prediction Based on ANSYS Tensile Stress 
and Tensile Strength 

 
Table 5:  

Comparison between Cracking time tc and 
Intersection time of Tensile strength/ANSYS 

simulation tp 
Sample Crack time 

tc (hours) 
Intersection 
time tp (hours) 

C50 50.22   57.53 

C40 64.32   63.12   

C30 70.03   67.68 

 
CONCLUSION 
 
Based on the above findings, the following 
conclusions were drawn 
1. That electrical resistivity as an indicator of 
hydration process of cementitious mixture, it can also 
be effectively utilized to predict concrete setting time 
and its crack potential.  
2. The novel restrained plastic ring mould has been 
tested as an alternative tool of determining the crack 
potential of different concrete mixture within a short 
experimental period. The experiment revealed that 
higher strength concrete (C50) set and cracked earlier 
under the same given degree of restraint, therefore 
has higher crack potential. 
3. A linear fit equation has also been developed on 
the relationship between electrical resistivity and 
restrained shrinkage crack which can also be used to 
predict the crack age of concrete though with some 
limitations to the concrete grades, this shows that, 
once the electrical resistivity is known, its crack 
potential can be predicted right then without any 
further experiment. Henceforth, this is proposed as an 
alternative method to predict crack potential. 
Generally, higher concrete grade achieved from lower 
water-cement ratio has higher electrical resistivity 
and earlier crack time therefore considered to have 
higher crack potential. 
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4. ANSYS software has been used in simulation of 
the behavior of concrete under specified conditions 
and finally revealed what has been obtained 
experimentally in terms of crack ages and location, 
because higher stress concentration has been found 
beneath the artificial crack of C50 sample. 
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