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ABSTRACT 
Concrete cover is the thickness of the concrete layer that protects the reinforcing steel bars (rebar) 
within a reinforced concrete structure. It acts as a barrier against external elements such as 
moisture, chemicals, and environmental factors, safeguarding the rebar from corrosion. Concrete 
cover measurement is performed by using various nondestructive tests such as GPS (Ground 
Penetrating Radar), electromagnetic test and ultrasonic. The main benefit of the concrete cover 
thickness measurement is to explain the causes of corrosion and identify areas that have the 
capability to corrode faster.  
 
This paper discusses the possibilities to measure the concrete cover depth and determine the 
location of steel bars of a thick-walled concrete structure by using different nondestructive testing 
methods. The methods studied are a concrete cover meter, Ground Penetrating Radar, which is 
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based on propagation radar waves in concrete, and Ultrasonic Pulse Echo tomography based on 
stress waves produced by ultrasonic pulses. The paper demonstrates the use of these methods for 
in-situ measurements on a thick-walled reinforced concrete structure. The concrete cover depth 
and the location for the reinforcement bars received by different methods are compared and the 
strong and weak points of the methods are discussed. 
 
The results indicate that the concrete cover meter is suitable for measuring the thickness of 
concrete cover, while the Ground Penetrating Radar and the Ultrasonic Pulse Echo device were 
able to identify and locate the reinforcement bars position in the concrete structure. 
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1. INTRODUCTION 
 
1.1 Electromagnetic methods for detection of concrete reinforcement 
 
In civil engineering, the most important electromagnetic NDT method is the eddy current (EC) 
method, which is typically used for reinforced concrete structures within excitation frequency 
range from 0.5 to 10 kHz. The eddy current method can be used not only to detect the presence 
of steel bars but also to determine the thickness of concrete cover, the diameter of bars, and the 
alloy of reinforcement based on the effect of alloy on electrical properties, or to detect steel 
corrosion [1]. The devices measuring the thickness of concrete cover use the eddy current 
principle with pulse induction as an electromagnetic measuring method. 
 
Cover meter devices aim to measure non-destructively the thickness of concrete cover and the bar 
diameter in reinforced concrete structures. The presence of reinforcement in concrete can be 
detected by measuring and analyzing the electromagnetic field of reinforcement induced by the 
cover meter [2]. 
 
The operation principle of a concrete cover meter is shown in Figure 1, in which alternating 
current induced in the coil generates an alternating magnetic field. The presence of reinforcing 
steel in the magnetic field leads to the occurrence of eddy currents, which also form a magnetic 
field. The resulting change in coil impedance serves as a basis for determining the thickness of 
the concrete cover and the diameter of reinforcement bars [3]. 
 
Inspection is performed by dragging the device along the line, which detects only the bars that are 
perpendicular to the drag line. Therefore, in most cases, inspection involves multiple line checks 
in two directions forming a network. Measurement accuracy is limited if reinforcement intersects 
with installed grids, anchors, and other metals, concrete aggregates are magnetic, or the concrete 
cover is thick compared to the strength of magnetic field. 
 
































	Figure 1 – Illustration of the concrete cover meter operation principle using eddy current.
	Figure 2 – Illustration of a GPR system and reﬂected signal from a buried object: (a) waveform, (b) reﬂection paths of radio wave [5] and [6].
	Figure 3 – Measurement principle for GPR. (a) A-scan is the signal of the receiving antenna for a given position, (b) B-scan is the assembly of A-scans and (c) C-Scan is the 3-D image which is generated by combining simultaneous B-scan images on the XY plane [8], [9].

