
REALTIME MONITORING OF HYDRATION TEMPERATURE AND 
COMPRESSIVE-STRENGTH-DEVELOPMENT OF CONCRETE 

Alexander Reinisch (1), Wilko van der Meer (2) and Toine van Casteren (2) 

(1)  Doka GmbH, Austria 
(2) BAS Research & Technology, Netherlands 
 
 

 
Abstract 

One of the future trends in building is to making processes more and more efficient to save 
money and to achieve a high level quality result. 
For optimizing a process it is essential to measure the relevant parameters. Real-time concrete 
hydration temperature and strength monitoring is an efficient instrument for optimizing the 
building process. The compressive strength development of concrete is one of the most 
relevant parameters in the construction process. Also the monitoring of the temperature 
development is useful to minimize the risk of early age thermal cracking. 
The innovative real-time concrete monitoring system is a combination of the state-of-the-art 
maturity method by de Vree and modern mobile communications technology. 
This tool is also a great opportunity for the ready-mix-concrete industry to increase the 
sustainability of concrete by using performance based concrete. 
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1. INTRODUCTION 

1.1 Trends in the building industry and construction process 
For several years the construction industry has been in a state of structural change. Cost 

and time-pressure are increasing constantly, both for construction companies and their 
suppliers. The requirements for quality, defined by the contractor of the building, remain on 
the same level. In some aspects of construction work, the requirements for quality are 
increasing.  

The main trends for the future of the construction industry are going in the direction of 
increasing speed and same or lower prices of construction work and materials by increasing 
quality and sustainability.  
In some cases it will be a big dilemma to solve this problem of low costs and high quality. 
 

 
Figure1: Cost quality trade-off triangle 

 
The classical construction process is nearly like a prototyping process, because every 

building is different in its architectural configuration, space on site, weather conditions during 
construction, construction design and timetable. There is almost no high-level quality 
management system established, as in other industries with a high level of industrialization, 
like high level of standardization, and with parameters changing less frequently. 
So there is a big opportunity, for the construction company and for the contractors, to 
optimize the construction process and save money.  

1.2 A new innovative solution for the construction process 
To optimize the process, you have to increase the efficiency of the construction process. 

Parameters or measured values are required to make the efficiency of a process visible and to 
be able to control it. One of the most important parameters in this instance is the compressive 
strength development of concrete in its construction state. Striking times, curing times, time 
of pre-stressing etc. are derived from the early concrete strength development. The real-time 
concrete monitoring system Concremote® enables the user, online anywhere in the world, to 
make decisions based on values measured direct in the structure and not small in cubes and 
cylinders. 

 
 

2



2. TECHNOLOGY 

2.1 Function and use of concrete monitoring 
The concrete monitoring system Concremote® is a service for the non-destructive real-time 

measurement of the concrete strengths present in a structural member (floor, wall, beam....) 
etc. on the construction site. The service consists of two components  

• Measuring sensors (slap sensor, wall sensor + cable) (Figure2) 
• Services (data management, data processing (strength calculation), data output (web 

portal)) 
• The sensors are either attached to the formwork prior to pouring the concrete or are 

placed on the structural member immediately after concreting of the freshly poured 
concrete.  

 

  
Figure2: Reusable slap sensor on the upper face of the slap and cable sensor in the wall area 
 

• The sensors continuously measure the temperature of the concrete, which is mainly 
influenced by the hydration heat of the cement and the ambient temperature. The faster 
the generation of the heat, the faster is the strength development of the concrete. 

• In a further step, the measured data (temperature measurements) of the slap or wall are 
transmitted hourly, in the form of a data packet, via the mobile telephone network to a 
data center, where in accordance with the maturity method it is analysed automatically 
by using the calibration measurement.  

• A separate calibration measurement is necessary for each type of concrete that is 
measured on the construction site. This calibration measurement can be performed 
either by the customer himself, the concrete supplier or an appointed testing institute, 
with a specially developed calibration box. In this process six cubes are stored under 
defined semi-adiabatic conditions. The cubes are tested at different times, depending on 
the customer's target value (N/mm² for striking, curing....). A compressive strength 
value with a relevant temperature value is obtained from this. Based this calibration 
measurement, the relationship between strength and maturity is determined for the 
concrete in question. 

• The measured and analyzed data and strengths are made available continuously and in 
real-time to the customers by way of a secure web portal. This way the user can perform 
live monitoring of the strength development in the structural member. 

• If the target value, defined by the customer (e.g. N/mm² for striking, curing, etc...) 
here been reached, he can make his decision based on the real-time data. 
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Figure 3: Process of concrete monitoring system 

2.2 The maturity method by de Vree 
The method for determining the concrete strength on the basis of the maturity of the 

concrete was technically established over 30 years ago. The best known methods include the 
determination of maturity according to De Vree, which is also used by Concremote®. 
Calculation of the weighted maturity is performed as follows: 
 
 

𝑹𝑹𝑹𝑹 = 𝟏𝟏𝟏𝟏 ∗
[𝐂𝐂(𝟏𝟏,𝟏𝟏𝟏𝟏−𝟏𝟏,𝟐𝟐𝟐𝟐𝟐𝟐) − 𝐂𝐂(−𝟐𝟐,𝟐𝟐𝟐𝟐𝟐𝟐)]

𝐥𝐥𝐥𝐥 𝐂𝐂
 

 
 
Rg= weighted maturity per hour [C°h] 
T= mean hardening temperature of the concrete in one hour 
C= reactivation parameter of the cementing agent  
 

To determine the concrete maturity, the weighted maturities are totaled every hour. [1] 
A compressive strength value is assigned to each maturity on the basis of the strengths 
derived from the calibration measurement. 

The method for determination of the concrete strength by way of the maturity method is 
dealt with in the following technical documents and standards: 

• DBV-Merkblatt, Betonschalungen und Ausschalfristen, 2006 [2] 
• DIN 1045-3,Tragwerke aus Beton, Stahlbeton und Spannbeton - Part 3, 2008 [3] 
• NEN 5970, Determination of strength of fresh concrete with the method of weighted 

maturity, 2001 [4] 
• TS 13508, Estimation concrete strength by the Maturity Method, 2012 [5] 
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Figure 4: the maturity method 

 
2.3 Application and technical and economic benefits 

By using the real-time concrete monitoring it is possible, on the basis of the measured 
strength data, to render the construction process safe and to optimize or accelerate it by means 
of the corresponding measures. Concrete Monitoring Concremote® can be used for the 
following applications: 

• Targeted determination of the time of striking optimization of the cycle times – possibly 
reduction of the cycle times 

• Process dependability - decisions based on measured values and not on estimated values 
• Determination of the curing time via the measured strength development 
• Safety when using climbing formwork  
• Measurement of the hydration heat development in massive structural members to 

prevent cracks 
• The possibility of season related adaptation and optimization of the concrete mix design 

through continuous measurement of the compressive strength development (e.g. with 
slow strength development in the winter - change over to more rapid strength 
development for concrete) 

3. CONCLUSION 
Real-time concrete monitoring is an innovative process that allows making decisions based 

on proof measurements of the compressive strength in the building component. This 
technique allows the site manager to use real measurements instead of estimations. 

Concrete monitoring is another step forward to 'Integral construction philosophy', 
including the effect of safeguarding and optimization of the process. 

3.Calibration curve 
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Especially for optimizing the concrete mixture, that is for using the needed mass of cement 
(clinker) – not more as needed – this method includes a high benefit for the construction 
company and the contractor. Real-time concrete monitoring is an efficient quality 
management tool and an opportunity to go in the direction of using ´Performance Based 
Concrete mixture´. 

Concremote also makes the in-situ concreting method of construction, and therefore ready 
mixed concrete, more attractive for the user due to the process optimization possibilities 
created by it. 
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