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Abstract	

There	are	various	methods	for	detecting	internal	voids	in	concrete	structures,	but	each	
method	has	different	 identification	accuracy,	efficiency,	and	applicable	conditions.	 In	
this	experiment,	a	known	depth	of	hollow	concrete	embankment	test	section	was	used	
to	 detect	 the	 depth	 of	 the	 embankment	 void	 using	 ground‐penetrating	 radar	 and	
ultrasonic	phased	array	methods.	Through	comparative	analysis,	 the	advantages	and	
limitations	 of	 various	 detection	methods	were	 summarized.	 It	was	 found	 that	when	
detecting	the	embankment	void,	the	ground‐penetrating	radar	method	had	the	highest	
identification	accuracy,	followed	by	the	ultrasonic	phased	array	method.	If	a	larger	area	
needs	to	be	detected,	the	ground‐penetrating	radar	method	can	be	selected;	if	the	size	of	
the	void	needs	to	be	measured,	the	ultrasonic	phased	array	method	is	a	better	choice.	
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1. Introduction 

During the actual pouring process of concrete structures, various factors can lead to the formation of 
voids and other defects inside the concrete. These voids can affect the structure's load-bearing 
capacity, so it is crucial to detect and repair these voids in a timely manner to ensure the safety of the 
building. Traditional damage detection methods, such as coring tests, have problems with 
destructiveness and low accuracy. Therefore, non-destructive testing methods have been widely used 
for detecting internal voids in concrete structures. As early as the 1930s, non-destructive testing 
methods were applied to detect internal voids in concrete (Desch et al.1946). With the continuous 
development of technology, there are now many related methods, among which ground-penetrating 
radar and ultrasonic phased array are relatively accurate methods that can be used for depth detection 
and size determination (Li, Fang, & Shuihe, 2005). 

To address the above issues, we selected a test section of embankment voids to perform ground-
penetrating radar and ultrasonic phased array testing and comparative analysis. Through the 
application of these two methods, we summarized their advantages, disadvantages, and applicable 
range. Therefore, we can more accurately locate and measure the size of internal voids in concrete 
structures and take corresponding measures to repair them, thereby improving the safety and stability 
of the building. 

2. Experiment and Methods 

2.1 Experimental Section 

The experimental section selected for this experiment is the embankment of the regulating pond 
project. The top elevation of the embankment is 33.50 meters with a width of 5 meters. A drainage 
ditch is set at the foot of the slope, and the elevation of the outer slope foot is 31.70 meters. There is 
also a 3-meter-wide lake embankment. On-site inspections found that there were voids in some parts 
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of the embankment, posing a significant safety hazard. After slotting and actual measurements, the 
depth of the void was found to be approximately 43 centimeters. Therefore, the detection accuracy of 
the void depth can be compared and analyzed using the phased array ultrasonic and ground 
penetrating radar methods. Since the exact measurement of the void area is not possible, it is not 
included in the scope of this comparison. The as-built diagram of the embankment void defect is 
shown in the figure below: 

 
Figure 1. Embankment voids 

2.2 Ground Penetrating Radar (GPR) Method 

When using the ground penetrating radar (GPR) method to detect voids in the embankment, the 
transmitting antenna is first installed on one side of the detection area. High-frequency 
electromagnetic waves are emitted into the interior of the embankment in the form of wide-band short 
pulses. The receiving antenna is installed on the other side at a distance from the transmitting antenna 
to receive the signals reflected back from the interior of the embankment (Tang, 2009). By analyzing 
the waveform and travel time of the reflected waves, void areas inside the embankment can be 
accurately identified. Different media have different impedances for electromagnetic waves, so the 
intensity and waveform of the reflected waves will vary with changes in the media. By analyzing the 
reflected waves, the depth of the embankment void can be determined (Fu,T.2019). 

In this experiment, we selected a central frequency of 900 MHz for the antenna. The layout of the 
lateral lines consisted of three measuring lines (Line 1 - Line 3) arranged from west to east and four 
measuring lines (Line 4 - Line 7) arranged from south to north. The length of the void can be 
determined through the 8-measuring line arranged from south to north. The layout of the lateral lines 
is shown in Figure 2. 

 

Figure 2. Ground penetrating radar line layout 
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2.3 Ultrasonic Phased Array Method 

The ultrasonic phased array method is a non-destructive testing method that uses ultrasonic transverse 
waves to detect concrete. Transverse waves can only propagate in solids and cannot propagate in air. 
When the transverse wave encounters a void inside the concrete, almost all of it is reflected back into 
the concrete. The superposition of reflected waves greatly increases the signal strength received by 
the transducer, making transverse waves theoretically more precise than longitudinal waves in 
determining the size and location of voids in road embankments. Ultrasonic phased array imaging 
technology changes the phase relationship of the sound waves arriving at or coming from a certain 
point inside the component by controlling the delay time of the pulse signals transmitted or received 
by each element in the array transducer, thus changing the focus point and beam orientation to achieve 
imaging. Compared with traditional ultrasonic detection technology, ultrasonic phased array imaging 
technology can improve detection resolution and depth, while reducing the need for manual operation 
and improving detection efficiency. For large areas of voids, the ultrasonic phased array method 
requires point layout coverage of the void area. Usually, a horizontal point of 10cm and a vertical 
point of 5cm are used for layout. The layout of measurement points needs to consider the shape and 
size of the structure being tested, as well as the testing purpose and requirements. Through precise 
point layout and ultrasonic phased array imaging technology, voids and defects in concrete structures 
can be quickly and accurately detected, improving the safety and reliability of the structure (Liu, Ye, 
& Xu, 2021). The layout of the test lines in the experiment is shown in Figure 3. 

 

Figure 3. Layout of ultrasonic phased array measuring points 

3. Data Processing and Analysis 

3.1 Ground-penetrating Radar Method 

We used ground penetrating radar (GPR) method to detect the voids in the embankment. The 
detection results were displayed in real time on the instrument's host during the on-site testing process. 
To make the images clearer and easier to distinguish, we performed multiple signals processing steps, 
including background removal, gain recovery, and time correction. Through 7 survey lines (Line 1 to 
Line 7) arranged in the west-east and south-north directions, we identified a void area in the 
embankment with a length of 2 meters in the west-east direction, a width of 3 meters in the south-
north direction, and a detection depth of approximately 35 centimeters. Furthermore, we detected 
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another void with a length of 6 meters in the south-north direction through the 8th survey line, as 
shown in Figure 4 to Figure 6. 

 

1Line                     2Line                     3Line 

Figure 4. Radar cross-section in west to east direction 

 

 

4Line           5Line             6Line            7Line 

Figure 5. Radar cross-section in south to north direction 

 

8Line 

Figure 6. Radar cross-section in north to south direction 
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3.2 Ultrasonic Phased Array Method 

To detect the depth and size of the road embankment void, we used the ultrasonic phased array method. 
During the detection, we ensured that the transducer was aligned with the front 1/4 position of the 
previous transducer, according to the measurement points arranged. This was to ensure no missing 
detection. During the on-site testing process, we could intuitively see the internal defects of the road 
embankment and analyze the image data. The final detection result is shown in Figure 7. 

 

 

 

Figure 7. Phased array imaging of embankment void area 

According to the diagram, the concrete embankment can be divided into two areas, blue and green. 
The blue area has a normal sound velocity, indicating that the quality of the embankment is good and 
there are no significant defects. The green area represents a low sound velocity, which is the void 
area of the embankment. After measuring using the phased array ultrasonic method, it was found that 
the area of the void was 237.1 square centimeters and the depth was 55.4 centimeters. 

3.3 Comparative Analysis 

Comparative analysis of the depth measurement results of road embankment voids using Ground 
Penetrating Radar and Ultrasonic Phased Array method are listed in Table 1. 
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Table 1. Comparison results of depth detection errors in embankment voids area 

Detection position 
Detection Actual 

depth/cm 
Detection 
depth/cm 

Error/ % 
method 

Embankment voids 
area 

Ultrasonic phased array 
method 

43 55.4 28.8 

Ground penetrating radar 
method 

43 35 -18.6 

 

According to the data comparison in Table 1, both the ground penetrating radar (GPR) method and 
the ultrasonic phased array method can effectively detect the depth of voids in road embankments. 
However, the GPR method has a smaller detection error of -18.6%, while the ultrasonic phased array 
method has a larger detection error of 28.8%. The measurement error of the ultrasonic phased array 
method may be due to the smaller continuity of a single measurement, which leads to a larger error 
in the entire void area data. In addition, the measurement principles of the two methods are different. 
The GPR method measures the reflection characteristics of electromagnetic waves in different media, 
while the ultrasonic phased array method measures the propagation velocity and reflection 
characteristics of sound waves in different media, so the precision of detecting the depth of voids in 
concrete may also differ. In summary, the GPR method has higher precision and is more reliable, 
making it more suitable for detecting the depth of voids in road embankments. 

4. Conclusion 

After comparison and analysis, the following conclusions can be drawn: 

a. For detecting large-area void depths, ground-penetrating radar (GPR) is more efficient and its 
detection results are closer to the actual value. 

b. Compared with GPR, Ultrasonic Phased-Array Method (PAUT) requires more work, but it can 
detect the size of the void area and has higher detection accuracy. 

c. The experiment shows that the detection accuracy of PAUT and GPR is similar. In practical 
engineering, PAUT is more convenient for small-area testing, while GPR is suitable for large-area 
void detection, with high efficiency and high detection accuracy. 

Therefore, in practical engineering, we should choose the most suitable detection method according 
to specific conditions. If the area to be detected is large, GPR should be chosen; if the size of the void 
area needs to be measured, then PAUT (Ultrasonic Phased-Array Method) is a better choice. The 
final choice should take into account factors such as detection accuracy, efficiency, workload, and 
cost. 
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