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ABSTRACT 
 

The concrete quality rating of pile foundation often adopts the PSD multi-parameter synthesis method, 
but due to the discontinuous characteristics and random disturbance of concrete material itself, 
mistakes will be resulted from in the pile foundation inspection process, during which the singular 
signal will interfuse. This paper uses the wavelet transform to decompose the suspected defect signals 
of the pile foundation, and introduces the disordered degree of approximate entropy quantitative 
characterization. The results show that the signal amplitude of defect signals in high frequency band 
attenuates, the waveforms are mixed and disordered, and the approximate entropy value is big. Thus, 
the suspected defects can be judged. The engineering example has proved the effectiveness of this 
method in the pile foundation inspection. 
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1. INTRODUCTION 

 
Bored cast-in-place pile is the commonly used 

foundation form in bridge engineering. But because 
of the uncertain factors in construction processes, 
broken piles, clamp mud, necking, holes and other 
internal defects can directly affect the bearing 
capacity of the pile foundation. Thus it is necessary 
to test homogeneity and integrity of the pile 
foundation. The ultrasonic testing is a normal NDT 
method, which is simple, rapid, and can be directly 
used for the repeated engineering component 
detection. At present, this ultrasonic transmission 
method is used in the integrity testing of bored cast-
in-place piles. According to the acoustic parameters 
and variations of one side concrete base pile, the 
defect position and range can be determined. Then, 
by using the PSD - V - A multi-parameter 
comprehensive evaluation methods, this paper 
evaluates the quality level of the pile foundation 
concrete. 

But due to the discontinuous characteristics and 
random disturbance of concrete material itself, in 
the pile foundation inspection process, the singular 
signal will interfuse, thus the PSD-V-A[1] method 
can lead to mistakes. The wavelet transform [2]- [3] 
is a kind of multi-resolute time-frequency domain 

analysis method, which  breaks through the 
resolution limit of Fourier analysis, and it can focus 
on any frequency bands of signals. It has the good 
localization characteristic, especially be suitable in 
processing time-varying spectrum of non-stable 
signals. Based on the wavelet theory, this paper 
adopts the wavelet decomposition and procession 
on the ultrasonic transmission signal, does the 
quantitative analysis on the complexity of 
transmission signals, and proposes the using of 
approximate entropy [4] - [9] to characterize the 
degree of uniformity of the base pile concrete. 

2. THEORETICAL ANALYSIS 
 

The basic idea of wavelet transform is to 
decompose the original signal into simple 
functions which are in the gens of a same space 
and has the time-frequency localization 
characteristics. That is the wavelet function 
system, and it is formed through the different 
scale translation and compression of the mother 
wavelet function or basic wavelet function. Set 

)()( 2 RLxf ∈  the square integrable function, the 
scaling function and wavelet function are )(xϕ  
and )(xψ , respectively, thus )(xf  can be : 
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cj0 is the approximation or scale coefficient of the 
j0 layer, which on behalf of the average part or 
low frequency component of the signal; dj is the 
detail or wavelet coefficient of the j0 layer, 
which on behalf of the changes of signal or the 
high frequency component. So the original signal 
can be decomposed into the sum of approximate 
c and wavelet details d. Take the hole or crack 
defects of pile foundation concrete as the effects 
of singular signal on the original signal effects, 
which often make the original signal, especially 
high frequency band signal to attenuate. 

As for the ultrasonic detection signals that 
contain singular point or different singular degree, 
the wavelet transform can decompose them into a 
series of the independent low frequency and high 
frequency components. And compared with the 
PSD - V - A method, it can capture the singular 
point position more quick, and more effectively 
to analyze the signal singularity degree. In order 
to quantitatively evaluate the singular degree of 
the wave signals, the approximate entropy is 
introduced. Thus, it can reflect the complexity or 
disorder of a time series signal from the point 
view of statistics. Its advantage is to avoid the 
rebuilding of the outline of the singular attractor, 
so the needed data is less, and approximate 
entropy estimation is effective to the stochastic 
process and deterministic process. 

Set the collected original data is x(i), (I = 1, 2, 
3... N), the mode embedding dimension is m  
and similar tolerance value is r , then, the 
approximate entropy can be calculated through 
the following steps: 

1. let the series )}({ ix compose the 
m dimension vector )}({ io )1-1( += mNi  ； 

])1()2()1()([)( −+++= mixixixixio 

2. Calculate the distance between )(io and other 
vectors of )( jo ； 

|)()(|max)](),([
10

kjxkixjoiod
mk

+−+=
+= 

3. Based on the similar tolerance value of r , 
calculate the similarity between )(io and )( jo , 
written as )(rC m

i ； 

∑
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4. Take the logarithm of )(rC m
i , and get the 

average value of all i , written as m
rφ ； 
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5. Repeat the above steps to get the 1+m
rφ ； 

6. Theoretically the sequence of approximate 
entropy is: 

1),,( +−= m
r

m
rNrmApEn φφ  

The approximate entropy is closely related to 
the values of m and r . Based on Pincus's 
experience [6, 7], choose m =2, ( )STr ad x= , 

( )STd x  is the standard deviation, a is the 
Weight parameters of r and the range is 0.1~0.25. 
The approximate entropy is the similar degree on 
mode of the time series. Combine with the 
wavelet discomposition, the time series can be 
evaluated by getting the approximate entropy of 
wavelet coefficient and approximation 
coefficient. 

3. TEST ANALYSIS 
 

Take the bored perfusion pile foundation in 
Nanchang County Fushan rural bridge 
engineering as an example, the designed pile 
diameter is 1200 mm, the length is of 19.0 m, the 
measured pile length is17.5 m, the strength grade 
of the concrete is C25. Three root sound tubes 
will be embedded with the tube distance AB, BC, 
CA are 840 mm, 820 mm and 680 mm 
respectively. The pile foundations will be tested 
after 27 days. The test instrument is the RS - 
ST01C nonmetal ultrasonic detector. 

 
Figure 1 The Acoustic Time-PSD Curve Of Section AB At 

17.5m 
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According to the acoustic - PSD curve, the 
suspected defects in 17.5 m at AB profile’s pile 
foundation can be found, as shown in figure 1. 
By the wavelet decomposition of the ultrasonic 
transmission signal, the discontinuity of the 
profile can be clearly observed; especially the 
singular perturbation in detail wave (high 
frequency) can be detected. 

This paper adopts the second wavelet 
decomposition tree (figure 2). That is, the 
original signal S (0, 0) is decomposed into low 
frequency approximation S (1, 0) and high 
frequency detail S (1, 1) on the first layer. On the 
second floor, the low frequency S (1, 0) can be 
decomposed to the corresponding low frequency 
approximation S (2, 0) and detail S (2, 1). The 
high frequency detail S (1, 1) can be divided into 
corresponding low frequency approximation S 
(2, 2) and high frequency detail S (2, 3). Now 
analyze the wavelet decomposition of Penetration 
signal S (0, 0) in the 17.5 m place and the one 
conformed to the standards signal S, (0, 0) 
prescribed by the detection of 2.5 m place. 

 
Figure 2 Second Order Wavelet Decomposition Tree 

 
Figure 3 Original Signal S(0,0) Of Section AB At 17.5m 

 

 

 

 

 

 
Figure 4  A Series Of Decomposed Signals For S(0,0) Of 

Section AB At 17.5m 

 
Figure 5 Original Signal S＇(0,0) Of Section AB At 2.5m 
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Figure 6  A Series Of Decomposed Signals For 
S(0,0) Of Section AB At 2.5m 

Compare figure 5 and 6, it is easy to find that 
the amplitude high frequency signal in the 17.5m 
is far less than that of in the 2.5m. The waveform 
is mixed and disordered, and no prominent 
singular point can be found. It indicates that the 
concrete in the 17.5m AB section exists even 
discontinuous. It can be dispersed mud pie, 
honeycomb defect or pile bottom sediment. 
Figure 7 is the approximate entropy of the 
decomposed signal, mode dimension is m = 2, 

the similar tolerance r = 0.25. Thus, the 
disordered degree of the high frequency detail in 
the 17.5m place is far more than that in the 2.5m. 
But the approximate entropy of the low 
frequency signal S (1, 0) and S (2, 0) is close, 
and the value is less than 0.6. That is to say the 
defects can interfere the signal receive in the high 
frequency band, which can create new mode of 
vibration, increase the disorder the approximate 
entropy. On the contrary, the low frequency 
signal has a strong ability to resist interference, 
keep their own original modes of vibration. In 
figure 7, the five-pointed star curve represents the 
approximate entropy of decomposition signal at 
16.5m's pile foundation. It can be seen that its 
approximate entropy spectrum is similar to that 
in 17.5m. Thus, it can be concluded that the AB 
profile in the 16.5m pile foundation has the 
similar defects as the 17.5m place, and this 
conclusion cannot be found by using the sound - 
PSD curve draw. 

 
Figure 7  Approximate Entropy Of Decomposed 

Signals 

 
Thus, by calculating the approximation value 

of ultrasonic signal and the approximate entropy 
of wavelet details in the section, it can easily and 
reliable assess the pile foundation concrete's 
homogeneity in different depths and profiles.   

4. CONCLUSION 
 

This paper regards different defects as 
different singular perturbation, and adopts the 
wavelet analysis method to study the concrete 
quality detection of the bored cast-in-place piles. 
By decomposing the wavelet of ultrasonic 
transmission signal, it is concluded that the 
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concrete defects can make the signal amplitude 
attenuate in high frequency band, and the 
waveforms are mixed and disordered. To 
quantitatively evaluate the signal disorder degree, 
the approximate entropy is introduced to measure 
the probability of signals' generating of new 
vibration model, the results prove that it can 
easily and reliable assess the pile foundation 
concrete's homogeneity in different depths and 
profiles.   
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