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Smart concrete roads

• What is “smart”?
o Use of sensors to support :

▪ Client - Owner - Agency
▪ Contractor
▪ Road operator

o In the context of:
▪ Quality (avoiding to make mistakes)
▪ Worksite management (duration of the works – putting in service)
▪ Durability (longevity - service-life)
▪ Maintenance, repair and preservation (asset management)

o In the phase of:
▪ Fresh concrete
▪ Young (curing) concrete
▪ Hardened concrete



What has been done?

• Use of sensors in concrete road construction

o Temperature measurements in the roadway and different 
types of samples
▪ Applications of rapid-hardening concrete (2002-2010)
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types of samples
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What has been done?

• Use of sensors in concrete road construction
▪ of rapid-hardening concrete (2002-2010)
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Evolution of sensors

• New sensors have appeared on the market

o Maturity measurements
▪ Determining time of demoulding

▪ Temperature control in mass concrete...
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• New sensors have appeared on the market

o Moisture measurement



Evolution of sensors

• New sensors have appeared on the market

o Corrosion detection



Evolution of sensors

Concrete structure
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Evolution of sensors

• Case of a parking garage in Germany

Original construction: 1970 Renovation: 2018 Objectives: Monitoring of remaining chlorides in the concrete  
Short-term assessment of the success of the repair measure Permanent 
monitoring of moisture in the concrete

One corrosion sensor and one moisture sensor each



Evolution of sensors

• Case of a parking garage in Germany

Installation: Core drilling

Diameter: 10 cm
Depth: 4 cm

Data read out: both manual and automatic

the sensors at the most critical locations were 
permanently monitored with a gateway 
(using a long-term battery)

all other sensors were manually read using a 
handheld device during the semi-annual 
physical inspection



Evolution of sensors

• Development of wireless micro-sensors

• « Health monitoring » of temperature and humidity
in concrete
o Ref: Shuo Yang, Keyan Shen, Halil Ceylan, Sunghwan Kim, et al.. "Integration of a prototype wireless 

communication system with micro-electromechanical temperature and humidity sensor for concrete 
pavement health monitoring" Cogent Engineering Vol. 2 Iss. 1 (2015) p. 1014278 



Maturity of concrete

• Weighted maturity curve

o Combined influence of time and temperature on the
strength development of concrete

o “Weighted” : influence of binder



Maturity of concrete

• Calibration of the concrete mixture = establishing a calibration
curve

• Measuring time and temperature + determining compressive
strength at certain times

fc
(MPa)



Maturity of concrete

• Influence of temperature on strength development



Maturity of concrete

• Applications

o During execution
▪ Determining time of saw-cutting of 

contraction joints

– “not too early” because of pulling
out stones at the edge of the
sawcut

– “not too late” because of risk of 
shrinkage cracking

▪ Determining time of washing out of 
the surface (exposed aggregate
concrete)

– Important for final texture depth



Maturity of concrete

• Application

o On entry into service
▪ Checking compressive strength of the concrete: on drill cores from

the pavement

▪ E.g.: …heavy traffic allowed when the average compressive
strength on 3 cores reaches 40 MPa…



Maturity of concrete

• Application

o On entry into service
▪ Checking compressive strength of the concrete: on drill cores from

the pavement

▪ For rapid-hardening concrete: on insulated cores, stored at 
worksite conditions

▪ E.g. …opening to traffic … the average compressive strength of 3 
cubes is at least 35 MPa…



Maturity of concrete

• Establishing calibration curves

• Insert sensors during concreting

• Recording time and temperature

• Determination of maturity and concrete 
strength

• Reporting

• Notification on smartphone



Concluding remarks

• Through the use of sensors in a concrete pavement, and the
weighted maturity method, it is possible to determine the
best moment for:
o Saw-cutting

o Aggregate exposure

o Putting in service

with no need to drill cores in the pavement.

• Other interesting options:
o Monitoring durability by measuring moisture content, corrosion,…

• More applications please!



Concluding remarks

• Today, only few applications of sensors in concrete 
road construction can be observed

• Why?

o Too expensive?

o Only discrete and no continuous measurement?

o We still need to drill cores for thickness control?

o No sense of need?

o We always managed to do it without?



Concluding remarks

• Possibly, future R&D will bring us the answer?
o Cheap, continous measuring systems which enable to give an

overall image of the concrete quality
o Combined techniques eliminating all need for cores
o Time-saving and cost-saving creating significant advantage over 

competitors
o Enhanced quality control and assurance, an effective tool for 

road agencies

• What brings that future?
o Drones
o AI
o …??



Thank you for your kind attention


	Diapositive 1  Smart concrete roads through the use of sensors
	Diapositive 2 Smart concrete roads
	Diapositive 3 What has been done?
	Diapositive 4 What has been done?
	Diapositive 5 What has been done?
	Diapositive 6 What has been done?
	Diapositive 7 What has been done?
	Diapositive 8 Evolution of sensors
	Diapositive 9 Evolution of sensors
	Diapositive 10 Evolution of sensors
	Diapositive 11 Evolution of sensors
	Diapositive 12 Evolution of sensors
	Diapositive 13 Evolution of sensors
	Diapositive 14 Evolution of sensors
	Diapositive 15 Evolution of sensors
	Diapositive 16 Maturity of concrete
	Diapositive 17 Maturity of concrete
	Diapositive 18 Maturity of concrete
	Diapositive 19 Maturity of concrete
	Diapositive 20 Maturity of concrete
	Diapositive 21 Maturity of concrete
	Diapositive 22 Maturity of concrete
	Diapositive 23 Concluding remarks
	Diapositive 24 Concluding remarks
	Diapositive 25 Concluding remarks
	Diapositive 26

