
Journal of Physics: Conference Series

PAPER • OPEN ACCESS

Application of maturity method to estimate
compressive strength of mass concrete
To cite this article: O Gamba et al 2019 J. Phys.: Conf. Ser. 1386 012060

 

View the article online for updates and enhancements.

You may also like
Development of an age-scalable 3D
computational phantom in DICOM
standard for late effects studies of
childhood cancer survivors
Aashish C Gupta, Suman Shrestha,
Constance A Owens et al.

-

Characterization of Ages Produced from
CELLS Using SECM-ELISA
Shigenobu Kasai, Yutaro Takahashi,
Teruya Sato et al.

-

STELLAR CONTENT AND EVOLUTION
OF OB ASSOCIATIONS
Anthony G. A. Brown

-

This content was downloaded from IP address 181.33.212.134 on 25/11/2021 at 20:24

https://doi.org/10.1088/1742-6596/1386/1/012060
https://iopscience.iop.org/article/10.1088/2057-1976/ab97a3
https://iopscience.iop.org/article/10.1088/2057-1976/ab97a3
https://iopscience.iop.org/article/10.1088/2057-1976/ab97a3
https://iopscience.iop.org/article/10.1088/2057-1976/ab97a3
https://iopscience.iop.org/article/10.1149/MA2019-01/35/1853
https://iopscience.iop.org/article/10.1149/MA2019-01/35/1853
https://iopscience.iop.org/article/10.1086/133748
https://iopscience.iop.org/article/10.1086/133748
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvutEqPu5hUQlC4q2oek-rsl01wxX7tLtIrP0VB9aRL3cxZRkTOlo0Y4ma8ymNobqd6qERtXPU3qb5BN-8TPbfHcDZMfbnTa5CJFi6adOEdY4VjTqlvP0ltpL973w33r2C_Uh2-ySJsAP49LStKzC6SX3UTCIkMfrAvCh68G_kLd4nLhQXIQ5IEUyu71ESBqgzKqq-TmyZFESE-K5PqEfgTl7iYKT5y5MqS-ykcnaTXQWp0JhYcKOq6C9-bqAKoKvF_R9kFxulj4FWWV6Ts3-PO_MjkEurMxJc&sig=Cg0ArKJSzIi-EOYyQqbL&fbs_aeid=[gw_fbsaeid]&adurl=https://ecs.confex.com/ecs/241/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3DDLAds%26utm_campaign%3D241AbstractSubmit


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

5th IMRMPT

Journal of Physics: Conference Series 1386 (2019) 012060

IOP Publishing

doi:10.1088/1742-6596/1386/1/012060

1

Application of maturity method to estimate compressive 

strength of mass concrete 

O Gamba1, G Peña2, and Y Pineda1 
1 Universidad Pedagógica y Tecnológica de Colombia, Tunja, Colombia 
2 Universidad Francisco de Paula Santander, San José de Cúcuta, Colombia 

 

E-mail: ing.osmar.gamba@gmail.com 

 
Abstract. The correlation between the maturity index and the compressive strength of concrete 

is validated for mixtures with strengths of 2000, 2500, 3000 and 3500 PSI, which are the most 

used in the civil engineering field. Temperature probes DS18B20 connected by the 1-Wire 

protocol to the Raspberry Pi 3 card were used to census the data and calculate the maturity index. 

The concrete mixtures presented A/C ratios of 0.820, 0.748, 0.680 and 0.623, which are 

consistent with those used in the construction industry. Compressive strength tests were 

performed every 24 hours during a 28-day test scenario in order to understand the behavior of 

concrete throughout the curing process. From the values of mechanical resistance to compression 

obtained in the control ages of 7 and 14 days it is inferred that the concrete has a normal 

hardening, likewise when comparing the experimental results of the resistance to compression, 

with those found using the method of maturity, it was possible to identify that at early ages (less 

than 10 days) they present uncertainties greater than 10% while at ages greater than 10 days of 
curing this error does not exceed 5%. In general, it was evidenced that the assembly carried out 

with the Raspberry pi 3 card and DS18B20 probes reliably allowed the monitoring, recording 

and storage of temperature and time data during the entire curing process. 

1. Introduction 

Commercially there are several types of concrete that depending on their composition and dosage exhibit 

different values to compression [1,2] which are evaluated with standardized tests that reflect the 
behavior and compliance of the material [3]. Therefore, it is necessary to have tools to predict the 

compressive strength during the curing process through non-destructive tests to achieve time reduction. 

There are non-destructive testing methods based on the exothermic reaction generated during contact 
of cement with water [4], this reaction produces a change of enthalpy (total system energy), generating 

a temperature variation in the volume of concrete during the curing process. 

Considering the combined effects of time and temperature during the curing process, the maturity 
method [5,6] predicts compressive strength by means of the maturity index [7,8,9]. 

The purpose of the present research is to know the resistance to compression by means of non-

destructive tests at early ages and to estimate which will be the maximum resistance value at 28 days, 

for this the Nurse - Saul method was used, which is based on a linear relation [10], between the maturity 
index and a time interval. With the above, it was possible to obtain 1 mathematical correlation for each 

resistance, this mathematical correlation allows to know the state of the concrete at any age within the 

curing period without being necessary to carry out destructive tests to the newly constructed concrete 
structures and with this to affect the integrity of the same ones. 
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2. Methodology 
In order to obtain data, we worked together with compression tests and the collection of temperatures 

during the curing process. Four batches of 87 cylinders each were melted, with a different resistance for 
each batch, of which 3 of these cylinders have a temperature probe for a total of 372 concrete cylinders. 

2.1. Mixture design 

It was worked with the method ACI committee 211-1 [11] which is standardized, in the obtained 
parameters are observed that as the resistance to compression increases the relation a/c decreases as well 

as the quantity of aggregate that must be used in the concrete mixture in Table 1 the values obtained for 

the design of worked mixture in each one of the resistances are presented. 

 
Table 1. ACI method mixing designs. 
A/C 0.820 0.748 0.680 0.623 

Cement 1.000 1.000 1.000 1.000 

Fine aggregate 3.895 3.556 3.256 2.985 

Coarse aggregate 4.661 4.164 3.661 3.269 

Settlement (cm) 5 

2.2. Temperature probes 

To measure the temperature values, DS18B20 probes were used, which were connected by means of the 
1-Wire communication protocol to a Raspberry Pi 3 Model B development card in which an application 

was programmed and executed using the Python 3 programming language. The temperature sensor was 

placed in the middle of a concrete cylinder and to one side the equipment used for data acquisition was 

installed, as shown in Figure 1. 
 

 

Figure 1. Acquisition system 

connection diagram. 

3. Results 

3.1. Compression tests 
The daily compression tests were carried out for each of the proposed resistances. Figure 2 shows the 

values obtained and shows the behavior in the control ages at 7, 14 and 28 days of curing. 

 

 

Figure 2. Resistances obtained 

in compression tests. 
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Taking into account Figure 2, it is evident that the compressive strength values obtained at 7 and 14 

days are 70% and 90% respectively of the maximum expected compression value at 28 days, it can be 
inferred that it is a concrete with normal hardening [12,13]. 

3.2. Temperature recording 

The measurements were made using 12 temperature probes DS18B20, 1 for each cylinder, 3 for each 
concrete resistance, simultaneously and in parallel, with a time interval of 1 minute, performing real 

time monitoring, sampling, conversion and storage of data taken from the temperature probes, were 

developed data acquisition system based on. 

In the Figure 3 shows the temperatures obtained during the 28 days of curing for each of the 
resistances. For all monitored resistances, a temperature peak is evident before the first three days, 

similar to that expressed in the following way [14] whose graphs even describe two temperature peaks, 

the first due to the use of accelerants and the second largest due to the exothermic reaction generated by 
the contact of cement with water [15]. 

 

 

Figure 3. Temperatures for the proposed 

resistances during the 28 days of curing. 

 

In order to obtain the mathematical expression for each resistance presented in Figure 4, we worked 
with the average of the maturity indices of the three probes using the Nurse-Saul method and the average 

of fc
′ when 3 cylinders per day failed. 

 

 

Figure 4. Compressive strength vs. 

maturity index. 

 
The analysis of the graphs shown in Figure 4, is evaluated by a logarithmic trend line type (see 

Equation (1)). 

 

 Y = c ∙ ln x + b (1) 
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Where, Y is the dependent variable, x is the independent variable, c is the coefficient 1 and b is the 

coefficient 2. 

Taking into account Equation (1) and the values c and b obtained (see Figure (4)), we obtain (see 

Table (2)), which presents the mathematical models predicted by fc
′ for each of the resistances proposed. 

 

Table 2. Values for trend line and expression for each resistance. 
Resistance Values obtained 

Mathematical expression 
PSI C B R2 

2000 600.136 -2699.964 0.951 ( )' 600.136ln 2699.964cf M= −  

2500 764.114 -3452.525 0.968 ( )' 764.114ln 3452.525cf M= −   

3000 918.663 -4152.906 0.953 ( )' 918.663ln 4152.906cf M= −   

3500 1080.221 -4953.459 0.968 ( )' 1080.221ln 4953.459cf M= −   

 
Where, fc

′ is the resistance of concrete to compression at any age (MPa) and M is the maturity of 

the concrete (°C-day). 
Finally, once the mathematical models described in Table 2 have been found, each one is validated 

by comparing the results obtained in the compression tests and the use of the expressions found above. 

To calculate the percentage error for each of the resistances presented in Figure 5, the percentage error 

values obtained for each of the resistances are represented. 
 

 

Figure 5. Percentage error for each of 

the resistances in the 28-day scenario. 
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Validation between the maturity index and the compressive strength of concrete cylinders was 

achieved using the Nurse-Saul method with a % error < 10%. 

Once made the graphs Maturity index vs resistance to compression and applying the logarithmic 
tendency line it can be observed that this adjusts in a coherent way to the obtained data, this can be 

evidenced in the values of R2, which allow to have a reliability of 96%. 

Taking into account the graphs of Temperature vs Time, it was possible to determine that minimum 
temperature data should be taken 52 hours after pouring the concrete because after this time the 

temperature tends to stabilize, not in a linear way but the increases and decreases in the temperature 

values are very small. 

It was possible to identify that at early ages (less than 10 days) there are uncertainties greater than 
10% while at ages greater than 10 days of curing this error does not exceed 5%. 

It was evidenced that the assembly carried out with the Raspberry pi 3 card and DS18B20 probes 

reliably allowed the monitoring, recording and storage of temperature and time data during the curing 
process. 
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