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Abstract 

This research combines the use of IoT-Web-based application in monitoring the real-time conditions of concrete; 

to accurately evaluate the maturity of concrete samples from its fresh state, accurately predict the strength of 

concrete among other properties and it provides remote access to the outputs in real-time. The predicted strength 

of concrete was acquired using various maturity functions based on the temperature-time history of concrete 

samples. Two cement types of fresh concrete were prepared; Ordinary Portland Cement (OPC) and Blast 

Furnace Slag (BB) cement, at water-cement ratio 50%. Immediately after fresh concrete samples were poured 

into molds, the internal average temperature of the concrete specimen monitoring commenced, and these 

specimens were kept under controlled curing condition over a 28-day period, and the temperature data were 

logged directly into the database by the IoT sensors via a mobile phone internet hotspot connection. Graphical 

outputs of temperature, concrete maturity and strength data for both concrete types were monitored remotely; 

presented on the programmed web-based application and was accessible for download on any internet-connected 

device.  
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1  Introduction 

Data-driven structural health monitoring (SHM) techniques offers useful information of existing conditions of 

concrete structures and helps project managers in making timely decisions on/off-site. However, conventional 

approaches can be tedious and are often time-consuming; especially when large amount of SHM data is to be 

processed and presented into easy-to-understand user-friendly outputs [1]. The proliferation of the internet of 

things (IoT) micro-controllers as well as cloud-based data storage platforms have greatly improved the art of 

SHM practices over the past few decades. The temperature-time history of concrete otherwise known as the 

maturity method has been used to reliably predict the compressive strength of concrete since around 1950, when 

there were several cases of building collapse due to uninformed decision of early removal of formworks and 
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props on-site [2]. Extensive research from that time birthed maturity functions, and various equipment; several 

of which requires proximity to site, are quite bulky to use and sometimes expensive. Remotely monitoring the 

real-time strength conditions of concrete with simple wireless techniques is therefore desirable. 

This project utilized IoT-based embedded temperature sensors and a web-based application to evaluate the real-

time conditions of concrete; the maturity of concrete samples from fresh state, accurately predict the strength of 

concrete among other properties and it provides remote access to the outputs in real-time. Graphical outputs of 

temperature, concrete maturity and strength data for two concrete types were evaluated and was made accessible 

for download on any internet-connected device. Monitoring the real-time strength of concrete with the use of 

simple techniques such as IoT-based sensors to monitor on-site properties of concrete is very relevant nowadays. 

2  Research Background and Objectives 

2.1 Research Objectives 

• To develop simple IoT senors and web-based application that allows users to monitor concrete 

conditions; temperature, maturity and strength, remotely and in real-time. 

• Variation of materials and curing conditions to know how the properties of concrete are affected. 

2.2 Maturity Concept of Concrete 

Maturity of concrete is a quality control mechanism that predicts the strength of the in-situ concrete under 

varying temperature conditions. ASTM defines the maturity method as “a technique for estimating concrete 

strength that is based on the assumption that samples of a given concrete mixture attain equal strength if they 

attain equal values of maturity index” [3]. A.G. Saul, one of the pioneers of the maturity concept, defined 

maturity as “concrete of the same mix at the same maturity has approximately the same strength whatever 

combination of temperature and time to make up that maturity” [4]. In other words, this implies that there is a 

unique relationship between the maturity index and strength of a concrete mixture. If two samples of a concrete 

mixture have the same maturity, they will have the same strength even though they may have been exposed to 

different curing times and temperatures. 

At lower temperature, concrete samples take more time to reach maturity M1, meanwhile, concrete exposed to 

higher temperature reaches maturity M2 faster in less time (Figure 1). However, if M1=M2, these two concrete 

mixes will have approximately the same strength, even though their curing times and temperatures are different. 



 

 

 

Figure 1: Illustration of Strength-Maturity Relationship [5]. 

The effects of time and temperature on concrete strength gain are quantified through maturity equations. 

Evaluating the early-strength of concrete is not only important for smart structural elements but also in producing 

structurally sound concrete elements [5].  

The Nurse-Saul maturity function is one of the widely used models to monitor the temperature-time history of 

concrete; 

M = ∑ (T − To)∆𝑡𝑡0      (1) 

where: 

M = Maturity Index (⁰C- hr or ⁰C-day) 

T = average temperature of concrete (⁰C) 

To = the datum temperature, (often taken as 0⁰C or 10⁰C) 

∆t = time interval (in days or hours) 

The datum temperature employed in this equation depends on the type of cement being used to prepare the 

concrete sample and the curing temperature range that such sample will be subjected to. For example, concrete 

prepared with the Ordinary Portland Cement (OPC) and exposed to a curing temperature range of 0 – 40⁰C, a 

datum temperature of 0⁰C or -10⁰C is applied [5].  

Based on (1), the equivalent age, can be mathematically expressed as: 

ten = 
∑ (T−To)𝑡0T𝑟−T𝑜  ∆𝑡      (2) 

where: 

ten = equivalent age of concrete (days or hours) 

Tr = the reference temperature, (⁰C) 



 

 

Equation (2) was however found to represent a linear relationship, which may not be valid for concrete samples 

at elevated temperatures above 60⁰C. A new function was developed in 1977 by Freiesleben and Pedersen, based 

on Arrhenius equation that was used to account for the impact of the temperature on a chemical reaction [2]. 

tea = ∑ 𝑒𝑡𝑜 −𝐸𝑅 (1𝑇− 1𝑇𝑟) ∆𝑡      (3) 

where: 

tea = equivalent age at ref. temp. (days/hour) 

E = activation energy, J/mol 

R = universal gas constant, 8.314J/mol K. 

2.3  Internet of Things (IoT) in Construction Practices 

It can be stated that the massive gathering of data coming from sensors in structures is still in its infancy. IoT 

involves the use of intelligently connected devices and systems to leverage data from embedded sensors and 

actuators in machines [6]. 

The use of sensors embedded within city or rural infrastructures is in advanced ages in some fields but in its 

relative infancy in others. Numerous experiences of integration of physical/chemical sensors are available in 

water management, energy efficiency, or transportation. Nonetheless, sensor embeddedness in civil 

infrastructures is far from ubiquitous. Use of sensors within structures are however limited to specific (though 

numerous) cases of high experiences of SHM techniques [7]. The application of temperature sensors in this 

project is another step further in the utilisation of actuators for endless possibilities in the field of civil engineering, 

especially for instances where remote and real-time situation of the condition of infrastructures are desired. 

3  Research Methodology 

3.1   Concrete Specimen Preparation 

According to the mix design provisions in the Japanese Industrial Standard; JIS A1101, and based on two cement 

types; OPC and Blast Furnace Slag cement (BB cement), two types of concrete mix were prepared in the 

laboratory [8]. The fine and coarse aggregates used for the experiment were washed thoroughly to remove dirt 

particles and air-dried to reduce the surface water content after washing. For each concrete type, trial mixes were 

carried out to determine the required properties of fresh concrete, i.e., slump (SLP), air content and concrete 

temperature (CT) as at the time of casting, in accordance with the JIS A1101 standard. Table 1.0 shows the mix 

proportion used in this experiment, using the two types of cement. 

 



 

 

 

Table 1: Concrete Mix Proportion 

Type 
Cement 

Type 

W/C 

(%) 
S/A W(kg) 

C 

(kg/m3) 

S 

(kg/m3) 

G1 

(kg/m3) 

G2 

(kg/m3) 
SLP Air CT 

I OPC 

50 42 

7.0 14.0 28.68 23.76 15.76 12.5 7.2 20.8 

II BB 7.0 14.0 28.68 23.76 15.76 12.3 4.0 20.6 

A total of thirty-eight cylindrical concrete specimens were cast and cured at 20⁰C (19 samples for each concrete 

type) [3]. To determine the compressive strengths of each concrete cylindrical specimen, fifteen samples for each 

type, were subjected to uniaxial compressive strength test at ages 1, 3, 7, 14 and 28 days. The concrete cylinders 

were kept in moulds and sealed with polythene bags to prevent loss of moisture to the atmosphere. 

 
Figure 2: Measurement of the Temperature Data of Concrete Cylindrical Specimen in the Laboratory. 

3.2   Maturity Functions 

Equation (4) is a derivative of (1) and can be used to evaluate concrete strength Fc of concrete samples with maturity 

M, where A is the slope and B the intercept of the equation [9].  

Fc = a𝐿𝑜𝑔M + b     (4) 
 

(Fc)t
  = 

𝑡𝛼+𝛽𝑡  (𝑓𝑐′)28     (5) 

Substituting the curing age t with the equivalent age tea, from (3), the modified ACI model was used as shown in 

(5) below, to evaluate the strength of concrete. The 28-day strength (𝑓𝑐′)28 and strength revelation factors α and 𝛽; constants 4.0 and 0.85 respectively were applied in this study [10]. 



 

 

 

3.3   Temperature Sensors and IoT Micro-controllers 

The DS18b20 waterproof temperature probes and WiFi-enabled ESP32 arduino micro-controllers were 

used in this experiment to measure the temperature of concrete samples and the temperature data was 

logged in real-time to the database. The Arduino integrated development environment (IDE) was used 

to write Arduino-based codes on the ESP32 board and the Application Programming Interface (API) of 

the database was provided within the code, for each sensor to log its temperature readings at intervals. 

The program was written in a way that the temperature data of each concrete specimen were logged at 

time intervals of thirty (30) minutes for the first forty-eight (48) hours, and then subsequent data were 

logged at intervals of one hour for the total period of the maturity test (i.e. 28 days). The SSID and 

password of a mobile hotspot (provided by a dedicated smartphone) was also written within the Arduino 

codes, which enables the sensors to be able to transmit their temperature data wirelessly to the database 

via internet. 

To confirm the accuracy of the designed sensors, the temperature of 2 extra concrete samples each were 

monitored using the Keyence datalogging device simultaneously. 

 

 

 

 

 

Figure 3: Keyence Data-logging Device and the Developed Wireless Sensor Schematic Diagram 

3.4   Web Application Development 

A free and open source Python programming language-based module known as Django was used to 

develop the web-based application that allows users to view concrete maturity and strength results in 

real-time, irrespective of their location. Django is a high-level Python Web framework that encourages 

rapid development and clean, pragmatic design. Built by experienced developers, it takes care of much 

of the hassle of Web development, so you can focus on writing your app without needing to reinvent 

the wheel [11]. 

 



 

 

 

4.0   Results and Discussion 

4.1   Concrete Temperature and Maturity Index 

Both the data logger and the IoT device gave satisfactory results of the temperature-time history of each 

of the concrete samples, as shown in Figure 5. The temperature of both concrete specimens increased 

significantly within the first 24 hours and returned to a constant minimum value, just a little bit below 

the temperature rise. The temperature measurement procedure lasted for twenty-eight (28) days from 

the fresh state. 

 
Figure 5: Temperature Data of Both Types of Concrete Specimen 

 

Figure 6: Maturrity Data of Concrete Types I and II Specimens 

4.2    Concrete Compressive Strength by Uniaxial and Maturity Methods 

The compressive strengths of both concrete mixes were evaluated via the conventional uniaxial 

compressive strength test and the proposed maturity technique. The 28-day predicted strength of 
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concrete type-I was approximately 100.25% of the uniaxial (41.05 N/mm2) compressive strength; 

41.15N/mm2 (Fig. 8). While for concrete type-II specimen, the strength result showed approximately 

99.75% of the uniaxial (28.69 N/mm2) strength; 28.63N/mm2 (Fig. 9). The uniaxial result had 

approximately 100% of the design strength for both mixes. 

 
Figure 7: Compressive Strength of Concrete Types I and II Specimens 

 

      
Figure 8: Uniaxial Compressive and Predicted Strength of Type-I and Type-II Concrete 

 

4.4 Conclusion and Recommendations 

The aim of this research was to utilize IoT micro-controllers and temperature probes combined with 

written computer programs based on the maturity method, to monitor and evaluate the properties of 

concrete samples. Two types of concrete specimen based on cement types were prepared and their 

temperature, maturity and compressive strength were evaluated. A web-based application was 
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developed, and it provided a remote platform that enabled access to various data of the concrete 

conditions in an interactive graphical format. This technique is applicable on-site, and several 

improvements are being worked on. 

The proposed technique suggests solution to some of the problems associated with conventional 

methods which often require proximity to the construction site. It also suggests an informed decision 

about safe early removal of formworks, where such is required. Without having to worry about the 

cluster of wires and other obstructions on-site, this solution can be considered as a user-friendly, 

economic and reliably safe technique for real-time condition assessment of concrete structures. 
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