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Abstract. Concrete wall hollowing is a common defect affecting structural safety and durability, 
and its accurate identification is of great significance for ensuring the quality of construction 
projects. To achieve efficient and non-destructive detection of hollowing defects, this paper 
proposes a method for identifying the state of concrete wall hollowing using the characteristics of 
knock sound signals based on the principle of acoustic response. The study first collects acoustic 
signal data from hollowing and non-hollowing areas through standardized knocking experiments, 
and conducts systematic time-domain and frequency-domain feature analysis. By comparing 
signal waveform and spectral characteristics, the study explores the differences in acoustic 
response between hollowing and non-hollowing areas. The research results provide a reliable 
parameter basis for acoustic detection of concrete structures and verify the feasibility and 
effectiveness of the hollowing identification approach based on acoustic signal characteristics. 
This research method has the advantages of simplicity, low cost, and strong applicability, and can 
provide new technical support and application references for non-destructive testing and 
intelligent health monitoring of building structures. The results show that under the experimental 
conditions of this study, the dominant frequencies of hollow areas are mainly distributed in the 
range of 1650-1750 Hz, while those of non-hollow areas are concentrated within 1300-1500 Hz. 
The absolute values of peak amplitudes of hollow areas generally fall between 40-50 mV, whereas 
those of intact regions range from 10-20 mV, which provides quantitative reference criteria for 
hollow defect detection in practical engineering. 
Keywords: concrete hollowing, acoustic signal, vibration response, dominant frequency 
characteristics, acoustic detection. 

1. Introduction 

With the continuous advancement of urbanization and infrastructure renewal, concrete 
structures are increasingly widely used in fields such as construction, transportation, and water 
conservancy [1-3]. Their quality and durability are directly related to the safety and service life of 
the projects [4, 5]. However, during the construction and service processes, concrete structures are 
inevitably affected by material defects, construction techniques, and environmental factors, 
resulting in internal or interfacial defects such as hollowing and cracks [6, 7]. These defects are 
highly concealed and potentially harmful. If not identified and repaired in a timely manner, they 
may lead to structural performance degradation or even safety accidents [8, 9]. Therefore, 
developing efficient and reliable concrete defect detection technology holds significant 
engineering importance and application demand. 

Among the defects in concrete structures, hollowing (delamination) is a typical concealed 
defect commonly found in walls and finishing layers [10, 11]. Its essence lies in the failure of 
bonding between the concrete and the mortar surface, resulting in a local void area [12, 13]. The 
formation of hollowing is often closely related to factors such as material shrinkage differences, 
non-standard construction, insufficient curing, or changes in environmental temperature and 
humidity [14-16]. In the early stages, the impact of hollowing defects on the overall performance 
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of the structure is limited. However, under long-term loads, temperature and humidity cycles, and 
external disturbances, the hollowing area will gradually expand, leading to surface peeling and 
structural deterioration [17-19]. For exterior walls or decorative brick structures, hollowing may 
cause decorative tiles to fall off [20], posing serious threats to personnel safety in severe cases. 
Therefore, establishing accurate and efficient methods for hollowing identification and early 
detection holds practical engineering significance for building safety and structural health 
maintenance.  

In the field of concrete hollowing detection, the existing non-destructive testing methods 
mainly include manual knocking and sound listening method, infrared thermal imaging method 
[21], ultrasonic impact echo method [22, 23], and geological radar method [24-26]. Infrared 
thermal imaging, ultrasonic, and geological radar technologies can accurately reflect the spatial 
distribution characteristics of internal defects in concrete, with high detection sensitivity and 
reliability. However, due to limitations in equipment cost, data processing complexity, and 
environmental adaptability, their application in specific scenarios is restricted. In contrast, the 
traditional manual knocking and sound listening method, with its advantages of simple equipment, 
low cost, and strong environmental adaptability, is still widely used in practical engineering 
inspections [27]. However, this method heavily relies on the auditory experience and subjective 
judgment of the inspector, and the detection results are greatly influenced by individual 
differences. The lack of unified quantitative standards and objective evaluation indicators makes 
it difficult to guarantee the accuracy and repeatability of the results.  

In recent years, with the development of acoustic signal acquisition and digital signal 
processing technology, hollow detection based on acoustic response has gradually attracted 
research attention [28-30]. Compared with traditional methods relying on auditory perception, 
acoustic signal analysis can objectively characterize internal structural differences in concrete, 
providing a quantitative basis for hollow identification [31-33]. By analyzing parameters such as 
amplitude changes, spectral characteristics, and energy distribution of percussion acoustic signals, 
the inherent differences in acoustic characteristics between hollow and non-hollow areas can be 
revealed, laying the foundation for establishing an automated and intelligent hollow identification 
system [34-36]. However, current research on the relationship between acoustic signal 
characteristics and structural defects is still not sufficiently quantitative, unable to provide a data 
basis for analysis models and feature extraction. Therefore, it is still necessary to further carry out 
research on hollow identification based on acoustic signal characteristics. 

Based on the principle of impact acoustic response, this paper proposes a quantitative acoustic 
analysis method for hollow areas identification in concrete walls for practical engineering 
applications. Impact acoustic signals from hollow areas and non-hollow areas are collected 
through standardized impact tests, and their response characteristics are obtained by combining 
time-domain analysis and Fast Fourier Transform (FFT). On this basis, a quantitative acoustic 
feature extraction and statistical discrimination framework based on repeated impact responses is 
constructed. Statistical features including mean frequency (Mean Frequency), standard deviation 
(SD) of frequency, coefficient of variation (CV) of frequency, mean amplitude (Mean Amplitude), 
and amplitude standard deviation (Amplitude SD) are extracted from both time and frequency 
domains to characterize frequency concentration, response stability, vibration intensity, and signal 
dispersion. Through multi-parameter joint analysis, the impact acoustic response characteristics 
and their statistical laws of hollow areas and non-hollow areas are investigated, and the application 
value of frequency stability and amplitude variation in hollow areas identification is discussed. 
This paper aims to verify the feasibility of the quantitative analysis method based on statistical 
features for identifying hollow areas in concrete walls under practical engineering conditions, and 
provides new research ideas and experimental evidence for the transformation of traditional 
percussion inspection from empirical judgment to objective quantitative evaluation. 
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2. Materials and methods 

As shown in Fig. 1, this experiment mainly consists of two parts: sound signal acquisition and 
signal processing. Firstly, during the sound signal acquisition stage, a dedicated hollow detection 
hammer is used to conduct systematic tapping experiments on the surface of concrete walls, in 
order to obtain the acoustic responses of hollow and non-hollow areas. To ensure the reliability 
and reproducibility of the data, each set of samples undergoes three independent experiments, with 
three consecutive taps at the same location in each experiment, to minimize the impact of 
accidental errors. During the tapping process, the operating force and angle are strictly controlled 
to maintain consistent experimental conditions and ensure the comparability of signal acquisition. 
The sound signals are acquired using a portable voice recorder, with the recording format set to 
WAV and a sampling frequency of 16,000 Hz. The experimental environment is kept relatively 
quiet to reduce external noise interference. After recording, all sample signals are uniformly 
numbered and stored, providing a traceable data foundation for subsequent analysis. 

In the signal processing stage, the acoustic signals collected by the digital voice recorder are 
imported into a computer for digital processing. Firstly, the original signals are preprocessed and 
visualized using audio analysis software (Audacity) to generate corresponding voltage waveform 
charts for subsequent feature extraction. In the experiment, the voltage range is set to ±5 V to 
cover the main variation range of acoustic wave energy. Subsequently, the preprocessed signals 
undergo time-domain and frequency-domain analysis. The dominant frequency information and 
frequency spectrum distribution of the signals are obtained through Fast Fourier Transform (FFT), 
and relevant feature parameters are extracted, including peak amplitude, frequency spectrum 
range, and signal dispersion degree. All data are organized in a unified format to provide basic 
data support for subsequent feature analysis. 

The experiments were conducted on cast-in-place concrete walls in an unfinished building, 
with a wall thickness of 200 mm and a concrete strength grade of C30. Due to construction defects, 
naturally formed and irregularly distributed hollow areas exist inside the walls, whose geometry, 
dimensions, and depth cannot be accurately measured. Hollow areas were first identified through 
preliminary percussion tests, combined with their characteristic acoustic response features and 
surface observation; areas with stable responses and solid characteristics were selected as non-
hollow control areas. During the testing process, the impact direction was kept as perpendicular 
to the wall surface as possible, and similar swing amplitudes and impact modes were adopted for 
all operations. The distance between the microphone and the wall surface was maintained at 
approximately 5 cm, and all tests were completed by the same experimenter using the same hollow 
detection hammer. 

 
Fig. 1. Diagrammatic sketch of experimental system 

The field environment was relatively quiet, and the ambient background noise was measured 
to be low, resulting in a negligible impact on the acquisition results of impact acoustic signals. 
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Each repeated test was conducted only after the sufficient attenuation of the previous vibration 
response to ensure the independence and comparability of the test results. This experimental 
strategy can well reflect the practical engineering inspection scenarios and verify the application 
potential of the proposed method under real engineering conditions. 

3. Results 

After completing data acquisition and processing according to the aforementioned method, 
acoustic response characteristics of hollow and non-hollow areas under different tapping 
conditions were obtained. Here, we present the processing results from one experiment, as shown 
in Fig. 2. The figure displays the time-domain response curves of acoustic signals from different 
structural areas. The graph illustrates the variation of voltage values after amplitude conversion 
with time. To maintain the comparability of each set of data, all signals underwent amplitude 
normalization and denoising processing. From the figure, it can be observed that the acoustic 
waves in the hollow area exhibit high-amplitude oscillations after excitation, with pronounced 
waveform fluctuations, small peak-to-valley spacing, and a prolonged main oscillation phase. The 
signal energy decays slowly after the initial impact, with residual waves persisting, and the 
vibration decay curve shows a nonlinear decreasing trend. In contrast, the acoustic wave response 
in the non-hollow area is relatively stable, with peak amplitudes significantly lower than those in 
the hollow area. Waveform changes are concentrated within a short time period, with rapid energy 
decay and a swift return to baseline levels. Additionally, it is noticeable that the hollow waveform 
morphology exhibits high consistency and stability, with minimal trend changes under repeated 
tapping. The non-hollow signals maintain a concentrated distribution in waveform morphology, 
displaying distinct characteristics of energy concentration and short-term decay, with a relatively 
narrow amplitude fluctuation range. 

 
a) Hollow drum part 

 
b) Non hollow drum part 

 
c) The first strike of the hollow drum 

 
d) The first strike of the Non hollow drum 
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e) The second strike of the hollow drum 

 
f) The second strike of the Non hollow drum 

 
g) The third strike of the hollow drum 

 
h) The third strike of the Non hollow drum 

Fig. 2. Waveform time-domain diagram of hollow and non-hollow areas  

After statistical analysis of the collected acoustic signals, the occurrence frequencies of hollow 
and non-hollow samples under different voltage amplitudes are plotted as shown in Fig. 3. The 
figure presents the distribution pattern of counts corresponding to different voltage amplitudes, 
reflecting the occurrence probability of different amplitudes in the signals. It can be observed from 
the figure that the voltage distribution in the hollow area spans a larger range, with the curve 
exhibiting a broad shape in both positive and negative intervals, and the overall distribution is 
smooth. The frequency proportion in the high voltage range is significantly higher than that of 
non-hollow signals, indicating that their acoustic waves produce larger amplitude fluctuations 
after excitation. The frequency distribution curve of non-hollow signals is concentrated and steep, 
with samples mainly clustered in the low amplitude region near zero, and the curve peak is 
prominent, showing a high degree of distribution concentration. In addition, after statistical 
analysis of three sets of experimental data, the frequency curves can be drawn, revealing that the 
morphological differences of non-hollow signals are consistent. Compared with non-hollow 
signals, hollow signals have a higher occurrence frequency in the low amplitude range, exhibiting 
a more dense low amplitude distribution characteristic, and the curve width is significantly 
increased, with longer extensions at both positive and negative ends. 

Fig. 4 illustrates the correspondence between the sample values of hollow and non-hollow 
signals and the theoretical normal distribution. The data is plotted using the average results from 
multiple experiments, with amplitude data extracted after normalization in the time domain for 
each set of signals. The horizontal axis represents theoretical quantiles, while the vertical axis 
represents measured quantiles. From the figure, it can be observed that the point distribution of 
hollow signals has a wider range, especially at both ends of the distribution, which significantly 
deviates from the reference line, exhibiting a band-like characteristic in scatter distribution. The 
data points in the middle region exhibit slight fluctuations, indicating an overall uneven trend, 
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reflecting the randomness and variability of signal amplitudes. The scatter distribution of 
non-hollow signals is more concentrated, with a clear trend along the theoretical line, showing 
good overall linearity, with only slight deviations at extreme quantiles. The hollow sample points 
show an upward trend in the high quantile region, with strong dispersion and uneven inter-point 
distances, while the non-hollow sample points are arranged closely with low dispersion. The data 
structure of three strikes is stable, with clear distribution characteristics. The significant difference 
in scatter band width in the figure reveals the statistical characteristics of signal amplitude 
distribution under the two structural states. 

 
a) Distribution diagram of hollow area 

  
b) Distribution diagram of non-hollow areas 

Fig. 3. Distribution diagram of hollow and non-hollow areas 

Fig. 5. presents the voltage distribution characteristics of hollow and non-hollow signals in the 
form of a violin plot combined with a box plot. The 𝑥-axis represents the signal type, while the  𝑦-axis represents the voltage amplitude. From the figure, it can be observed that the violin plot of 
the hollow signal has a broad outline, indicating a wide range of amplitude values. Meanwhile, its 
box plot has a large interval span, with obvious upper and lower whiskers extending, a large 
number of outliers, and a median line deviating from the zero point, reflecting the asymmetry of 
data distribution. The violin plot of the non-hollow signal is narrow and elongated, with a 
concentrated outline, a median line close to the zero point, a narrower box plot range, and data 
mainly concentrated in the low amplitude region, with fewer outliers. The symmetry difference in 
the violin plot intuitively reflects the differences in fluctuation range and concentration between 
the two types of signals. 
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a) The whole hollow drum part 

 
b) The whole Non hollow drum part 

 
c) The first strike of the hollow drum 

 
d) The first strike of the Non hollow drum 

 
e) The second strike of the hollow drum 

 
f) The second strike of the Non hollow drum 

 
g) The third strike of the hollow drum 

 
h) The third strike of the Non hollow drum 

Fig. 4. QQ plot of amplitude data for hollow and non-hollow areas 
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Fig. 5. Violin plus box plot of amplitude data for hollow and non-hollow areas 

 
Fig. 6. Ridge line diagram of hollow and non-hollow areas 

To further enhance the identifiability of hollow and non-hollow signals in terms of amplitude 
distribution characteristics, Fig. 6 presents a ridge plot formed based on experimental data from 
three taps, illustrating the probability distribution of different voltage amplitudes in the form of 
continuous density curves. It can be observed from the figure that the three density curves for 
hollow signals exhibit a significantly wide distribution range, showing elongated tails in both 
positive and negative amplitude intervals, with a relatively flat peak shape, indicating a large 
coverage range of vibration response amplitudes, high dispersion, and good consistency in 
distribution across multiple taps. In contrast, the density curves for non-hollow signals are highly 
concentrated, with steep and narrow main peaks formed near zero in all three trials, reflecting that 
the signal amplitude is mainly clustered in the low-value interval, with rapid vibration attenuation 
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and a relatively compact distribution. The trend presented in the ridge plot further verifies the 
statistical rule in Fig. 3: hollow signals not only have a higher probability of occurrence in the 
low-amplitude interval but also exhibit a larger overall distribution span; whereas non-hollow 
signals are dominated by a single-peak structure with high concentration and low variance. 

4. Discussion 

Based on the statistical analysis of the aforementioned experimental data, significant 
differences in vibration amplitude and time-domain response between hollow and non-hollow 
areas have been preliminarily identified, providing important evidence for the effective distinction 
between the two types of structures. To further reveal their differences from the perspective of the 
frequency domain, this paper obtains the complete frequency spectrum distribution of the sample 
signals collected from hollow and non-hollow areas through Fast Fourier Transform (FFT), and 
selects the frequency corresponding to the maximum amplitude as the dominant frequency feature 
for each strike. The relevant statistical results are presented in the form of bar charts in Fig. 7. 
Groups 1, 2, and 3 represent the three strikes in the first strike experiment, groups 4, 5, and 6 
represent the three strikes in the second strike experiment, and groups 7, 8, and 9 represent the 
three strikes in the third strike experiment. The results show that the dominant frequencies of the 
hollow area samples are concentrated in higher frequency bands, with a relatively concentrated 
frequency distribution range, and individual sample peaks exhibit slight shifts but overall 
differences are small; the dominant frequencies of the non-hollow area samples are mainly 
distributed in the low-frequency range, except for a few individual data points, with lower peak 
amplitudes and narrower frequency variation ranges. This visually reflects the significant 
differences in frequency distribution characteristics between different structural areas. 

 
Fig. 7. Histogram of main frequencies for three sets of data of hollow and non-hollow areas 

The time-domain signal of the acoustic data obtained from the first striking experiment was 
converted to the frequency domain using the Fast Fourier Transform (FFT), resulting in a graph 
of the relationship between amplitude and frequency, as shown in Fig. 8. The horizontal axis 
represents frequency (Hz), and the vertical axis represents amplitude (mV). The signal sampling 
frequency is 16 kHz. From the graph, it can be observed that the signal curve in the hollow area 
exhibits a significant peak near approximately 1700 Hz, where the amplitude is significantly 
higher than in other frequency bands, indicating a clear energy concentration phenomenon. In 
contrast, the frequency spectrum curve in the non-hollow area is generally smoother, with fewer 
peaks and lower amplitudes, indicating a more dispersed energy distribution without obvious 
concentrated peaks.  
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a) The first strike of the first group of hollow drums 

 
b) The second strike of the first group of hollow drums 

 
c) The third strike of the first group of hollow drums 

0 2000 4000 6000 8000

0

350000

700000

1050000

1400000

Frequency(Hz)

A
m

pl
itu

de
(m

V
)

：Dominant frequency 1717.37Hz

0 1900 3800 5700 7600

0

280000

560000

840000

1120000

Frequency(Hz)

A
m

pl
itu

de
(m

V
)

：Dominant frequency 1762.77Hz

0 2000 4000 6000 8000

0

350000

700000

1050000

1400000

Frequency(Hz)

A
m

pl
itu

de
(m

V
)

Dominant frequency:1683.38Hz



EXPERIMENTAL RESEARCH ON HOLLOWING DETECTION IN CONCRETE WALLS BASED ON ACOUSTIC SIGNAL FEATURE ANALYSIS.  
JIAQI WANG, SHIBIN TENG, SHUSHU GE, WENLONG ZHANG, FANG ZHAO 

 JOURNAL OF MEASUREMENTS IN ENGINEERING 11 

 
d) The first strike of the first group of Non hollow drums 

 
e) The second strike of the first group of Non hollow drums 

 
f) The third strike of the first group of Non hollow drums 

Fig. 8. Amplitude-frequency diagram of the first set of data of hollow and non-hollow areas 

0 1900 3800 5700 7600

0

31000

62000

93000

124000

Frequency(Hz)

A
m

pl
itu

de
(m

V
)

：Dominant frequency 1490.32Hz



EXPERIMENTAL RESEARCH ON HOLLOWING DETECTION IN CONCRETE WALLS BASED ON ACOUSTIC SIGNAL FEATURE ANALYSIS.  
JIAQI WANG, SHIBIN TENG, SHUSHU GE, WENLONG ZHANG, FANG ZHAO 

12 ISSN PRINT 2335-2124, ISSN ONLINE 2424-4635  

This difference may be due to characteristic resonant responses near the frequency points. 
Furthermore, by comparing the spectral shapes of the two types of signals, it can be seen that the 
spectral peak amplitude at the dominant frequency of the hollow signal is higher than that of the 
non-hollow signal, indicating that the acoustic response intensity generated by the hollow after 
being struck is greater. In contrast, the dominant frequency amplitude of the non-hollow signal is 
lower, and the overall energy level is relatively stable. From the above results, it can be found that 
there is a significant difference in amplitude between hollow and non-hollow signals in specific 
frequency bands. Perhaps the difference in amplitude peak at the dominant frequency can be used 
to distinguish between these two types of structural signals. 

The observed difference in dominant frequency between hollow areas and non-hollow areas 
may be attributed to the change in vibration propagation mode resulting from the alteration of the 
wall’s internal state; in non-hollow concrete regions, vibrations generated by percussion can 
generally propagate to the surroundings through the relatively continuous concrete medium, and 
vibration energy dissipates gradually during the propagation process, which leads to relatively rich 
frequency components, a dispersed frequency distribution, and a relatively low concentration of 
dominant frequency. 

 
Fig. 9. Schematic diagram of frequency-domain mechanism analysis for hollow and non-hollow areas 

In contrast, when hollow defects exist inside the wall, the originally continuous concrete is 
interrupted by internal air cavities, and the concrete layer above the hollow areas loses partial 
support from the underlying solid material; upon impact, this region is more prone to generate 
localized vibrations with vibration modes distinct from those in intact regions, and in this case, 
vibration energy tends to concentrate within a specific frequency range rather than dispersing over 
a broad frequency band, therefore hollow areas usually exhibit a higher dominant frequency 
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response compared with non-hollow regions; on the other hand, due to the relatively fixed internal 
state of hollow areas, their vibration patterns show good repeatability under identical impact 
conditions, resulting in a narrow variation range of dominant frequency and a more concentrated 
frequency distribution. 

The formation of hollow areas is usually accompanied by interface debonding and the 
generation of local void structures, and their effects on vibration modes and acoustic propagation 
paths may be explained by the wave propagation mechanism in void-containing media; voids 
formed after interface debonding will destroy the continuity of the medium, alter local boundary 
conditions and mass-stiffness distribution, leading to the redistribution of vibration energy and 
inducing localized vibration modes; combined with relevant studies [37-39], void structures will 
cause reflection, scattering and mode conversion of waves at boundaries, thereby changing 
propagation paths and energy transfer characteristics; meanwhile, the coupling effect between the 
air inside the voids and the surrounding solid medium may produce local resonance effects and 
enhance the acoustic-vibration response in specific frequency bands; relevant studies have shown 
[40, 41] that the size, shape and distribution of voids will further affect wave field characteristics; 
therefore, the abnormal acoustic-vibration response of hollow defects is closely related to the void 
structures formed after interface debonding and their reconstruction of vibration modes and 
acoustic propagation paths. 

To verify the above theory, a quantitative analysis framework is supplemented as shown in 
Fig. 9, where subgraph (a) compares the mean dominant frequency and its standard deviation 
between hollow and non-hollow areas; (b) presents the comparison of the coefficient of variation 
of dominant frequency; (c) shows the comparison of mean amplitude; (d) displays the comparison 
of amplitude standard deviation; and (e) illustrates the comparison of the coefficient of variation 
of amplitude; it can be observed from the figure that the mean dominant frequency of hollow areas 
is 1705.19 Hz, which is approximately 18.6 % higher than the 1437.47 Hz of non-hollow areas, 
and its standard deviation of dominant frequency is only 36.47 Hz with a coefficient of variation 
of 2.14 %, both remarkably lower than the 106.96 Hz and 7.44 % of non-hollow areas, indicating 
that hollow areas feature more concentrated and stable frequency responses with better 
consistency in repeated tests; in terms of amplitude characteristics, the mean amplitude of hollow 
areas is –42.33 mV, whose absolute value is obviously larger than the –16.63 mV of non-hollow 
areas, and meanwhile the amplitude standard deviation reaches 7005.98 mV, significantly higher 
than the 2876.93 mV of non-hollow areas, which reveals that hollow areas can generate stronger 
responses with more obvious fluctuations under identical percussion conditions, possibly 
attributed to the lack of solid support in hollow zones that enables impact energy to be more easily 
concentrated locally; by contrast, the coefficients of variation of amplitude for hollow and non-
hollow areas are –0.60 % and –0.58 % respectively with little discrepancy, demonstrating that the 
relative dispersion degree of amplitude remains basically consistent; therefore, the dominant 
frequency and its statistical parameters can better reflect the differences in frequency stability 
between the two types of structures, while the mean amplitude and amplitude standard deviation 
are more capable of characterizing response intensity and fluctuation features; comprehensive 
analysis manifests that the dominant frequencies of hollow areas are mainly distributed within 
1650-1750 Hz, whereas those of non-hollow areas fall in the range of 1300-1500 Hz, and the 
absolute values of peak amplitudes of hollow areas generally concentrate at 40-50 mV, in contrast 
to the 10-20 mV range for non-hollow areas; the above results prove that distinct differences exist 
in both frequency and amplitude responses between hollow and non-hollow areas, which can 
provide objective quantitative references for rapid screening and preliminary identification of 
hollow defects on engineering construction sites. 

Compared with the traditional manual auditory inspection method, the main contribution of 
this study lies not in changing the percussion mode, but in transforming the detection process that 
originally relied on empirical judgment into a quantitative evaluation process based on data 
analysis; experimental results show that hollow areas exhibit a higher dominant frequency 
(1705.19 Hz) and lower frequency dispersion (SD = 36.47 Hz, CV = 2.14 %), while non-hollow 
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areas show a lower dominant frequency (1437.47 Hz) and greater frequency fluctuation  
(SD = 106.96 Hz, CV = 7.44 %), and these statistical features can provide an objective basis for 
on-site detection, thereby reducing the impact of human empirical differences on detection results. 

 
a) Mean parameter comparison of hollowing vs.  

non-hollowing concrete; error bars denote  
standard deviation (SD) 

 
b) Variation coefficient of dominant frequency for 

hollowing and non-hollowing areas 
 

 
c) Comparison of overall average amplitude between 

hollowing and non-hollowing regions  
(9 groups of samples) 

 
d) Comparison of average standard deviation of 

amplitude for hollowing and non-hollowing  
areas (9 groups) 

 
e) Comparison of amplitude coefficient of variation (CV) between hollowing  

and non-hollowing areas based on averaged mean and SD of 9 groups 
Fig. 10. Statistical indicator comparison of dominant frequency  

and amplitude (hollowing vs. non-hollowing) 

This study carried out impact acoustic detection and analysis based on cast-in-place concrete 

Hollowing Non hollowing
0

200

400

600

800

1000

1200

1400

1600

1800

M
ea

n(
m

V
)

1705.19±36.47

1437.47±106.96

2.14%

7.44%

0.00%

1.00%

2.00%

3.00%

4.00%

5.00%

6.00%

7.00%

8.00%

 
CV

   Hollowing        Non hollowing

-42.33

-16.63

−50

−40

−30

−20

−10

0

M
ea

n(
m

V
)

           Hollowing        Non hollowing

7005.98

2876.93

0

1000

2000

3000

4000

5000

6000

7000

8000

 

SD
(m

V
)

Hollowing        Non hollowing

-0.60%
-0.58%

−0.70%

−0.60%

−0.50%

−0.40%

−0.30%

−0.20%

−0.10%

0.00%

CV

   Hollowing       Non hollowing



EXPERIMENTAL RESEARCH ON HOLLOWING DETECTION IN CONCRETE WALLS BASED ON ACOUSTIC SIGNAL FEATURE ANALYSIS.  
JIAQI WANG, SHIBIN TENG, SHUSHU GE, WENLONG ZHANG, FANG ZHAO 

 JOURNAL OF MEASUREMENTS IN ENGINEERING 15 

walls in practical engineering, and the hollow defects originated from naturally occurring defects 
during the construction process, whose specific sizes, depths and internal morphologies were 
difficult to be accurately measured; therefore, this paper focuses more on verifying the feasibility 
of identifying hollow defects using statistical features of impact acoustics under real engineering 
conditions, rather than establishing a precise correspondence between hollow parameters and 
acoustic features; in addition, the data in this study were mainly derived from the same engineering 
object, and the obtained statistical laws still need to be further verified in more structural types 
and engineering scenarios; meanwhile, this paper adopted the statistical features of dominant 
frequency and amplitude to conduct quantitative analysis on hollow areas and non-hollow areas, 
and although good discrimination effects were achieved, an automatic identification and 
intelligent discrimination model has not yet been established. 

Nevertheless, the experimental results demonstrate that through the joint analysis of the 
statistical features of dominant frequency and amplitude, the response differences between hollow 
areas and non-hollow areas can be effectively characterized, providing an objective basis for rapid 
on-site engineering detection; future work will further expand the sample size, construct standard 
specimens with known defect parameters, systematically investigate the variation laws of acoustic 
response characteristics under different defect conditions, and establish a more comprehensive 
hollow identification model combined with intelligent identification methods such as machine 
learning, so as to further improve the stability, applicability and engineering application value of 
the proposed method. 

5. Conclusions 

Taking hollow areas and non-hollow areas in cast-in-place concrete walls of practical 
engineering as the research objects, this paper acquired impact acoustic signals through percussion 
using a hollow detection hammer, and investigated the response characteristics of the two types 
of regions combined with time-domain analysis, Fast Fourier Transform (FFT) and statistical 
feature extraction methods, the main conclusions are as follows: 

1) There are significant differences in both time-domain and frequency-domain response 
characteristics between hollow areas and non-hollow areas; hollow areas exhibit larger amplitude 
responses, slower attenuation rates and higher dominant frequency characteristics, while 
non-hollow areas, due to their intact structure, allow vibration energy to dissipate rapidly, resulting 
in smaller amplitudes, faster attenuation and lower dominant frequencies. 

2) The quantitative analysis framework constructed based on the statistical parameters of 
mean, standard deviation and coefficient of variation of dominant frequency and amplitude can 
effectively characterize the differences between hollow areas and non-hollow areas; the dominant 
frequency and amplitude of hollow areas are significantly lower than those of non-hollow areas, 
indicating that the joint analysis of statistical parameters of dominant frequency and amplitude 
can effectively realize the quantitative characterization of hollow defects. 

3) Under the conditions of this study, the dominant frequencies of hollow areas are mainly 
concentrated in the range of 1650 to 1750 Hz, and the absolute amplitude values are mainly 
distributed in 40 to 50 mV, while those of non-hollow areas are mainly distributed in the range of 
1300 to 1500 Hz, showing obvious interval differences in both time-domain and 
frequency-domain between the two; this result indicates that the dominant frequency and its 
statistical characteristics can be used as important reference indicators for distinguishing hollow 
areas from non-hollow areas. 

This study conducted experiments based on naturally occurring hollow defects in unfinished 
buildings, verifying the applicability of the proposed method under real engineering conditions; 
however, since the specific sizes, depths and geometric shapes of hollow defects cannot be 
accurately obtained, future work will further expand the sample size, construct standard specimens 
with known defect parameters, and conduct more systematic research combined with machine 
learning and intelligent identification algorithms, so as to further improve the stability, 
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universality and engineering application value of the proposed method. 
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