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spectrum subtraction and independent component analysis. A comparative analysis of the 
experimental results is presented and the applicability of the algorithms is discussed. 

1.  SOIL VIBRATION COMPACTION TEST 
A soil vibration compaction test was implemented in the large soil tank of Key Laboratory for 

highway construction techniques and equipment of the Ministry of E�G�X�F�D�W�L�R�Q�����&�K�D�Q�J�¶�D�Q���8�Q�L�Y�H�U�V�L�W�\����
The test equipment used a custom-designed vibratory roller model [7]. The compaction test section 
length was 8 m, with a width of 1 m. Based on the test conditions and vibratory roller that used 
during vibration compaction, the nominal amplitude, vibration frequency and running speed of the 
roller are the main influencing factors in the test. An orthogonal experiment scheme of the 3 factors 
at 3 levels was implemented, resulting in nine tests that fully reflect the influence of various factors. 
For each condition, static compaction was first performed 2 times, then the vibration compaction 
was repeated for 12 times [8].  

Before the test, turned loose soil to 35cm in soil tank by hand, and watering in order to 
achieve the appropriate moisture content. Then, three dynamic strain gauge pressure cells were 
placed on 3 layers under the soil at depths of 5cm, 15cm and 25cm, respectively. A DEWE-2010 
data logger recorded the soil compressive stress signals of the pressure cells during the vibration 
compaction process, capturing stress signals on an oscilloscope in real time, as well as storing and 
processing data. The experimental setup is shown in Figure 1. The sampling frequency of the soil 
compressive stress signal in the test was 2000Hz. 
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2.  DE-NOISING METHODS OF COMPRESSIVE STRESS SIGNALS  
This paper considers the case of the soil compressive stress signal, and assumes a signal 

S1 with a low amount of noise and signal S2 with heavy noise. Signal S1 retains the waveform 
characteristics of stress signal generally, but due to the heavy noise, the waveform of signal S2 has 
been distorted. The vibration compaction operating parameters in the test were: vibration 
frequency-- 30Hz, nominal amplitude-- 1.2mm, and running speed--1.12 km/h. According to the 
analysis, the ideal compressive stress signal is an unstable transient signal which has a peak value 
at the moment of impact, but is a stable signal with zero mean at other times. 

 
 
 

2.1  Low-pass filtering 

When the signal is band-limited and the signal and noise spectra can be separated in the 
frequency domain, a low-pass filter can filter out the noise spectrum by multiplying a window 
function in the frequency domain, thus separating the noise from signal through a purpose-
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Fig.1 - Experimental setup 
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designed filter [3, 9], as long as the cut-off frequency of the signal is known. Then, the de-noised 
signal can be obtained in the time-domain through the Inverse Fourier Transform. 

By low-pass filtering signal y( )t , we can obtain the signal as follows: 

( ) ( ( ) ( ))x t IFFT Y W� Z � Z�                 (1) 
Where ( )W �˜  is window function. 

The spectra of the signal and noise overlap in most cases. Low-pass filtering can remove 
high-frequency noise but low frequency noise is still mixed with the signal and is difficult to 
separate. The influence of the noise spectrum is more obvious when the SNR is low. Therefore, 
the de-noising effect of the low-pass filter degrades greatly with the decrease of the SNR. 

 

  

 
(a) Noisy compressive stress signal 

 

 
(b) Signal de-noised through frequency domain low-pass filtering  

Fig. 2 - Low-pass filtering of noisy signal S1 
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(a) Noisy compressive stress signal 

 

 
(b) Signal de-noised through frequency domain low-pass filtering  

Fig.3 - Low-pass filtering of noisy signal S2 
 

The vibration compaction operating parameters show that the main frequency of the signal 
is close to 30Hz. Therefore, the width of the pass-band of the low-pass filter applied was about 
30Hz with a width of 35%. Figure 2(a) shows the compressive stress signal S1 with small noise, 
Figure 3(a) shows compressive stress signal S2 with heavy noise, Figure 2(b) and Figure 3(b) 
shows the de-noised signals S1 and S2 through the low-pass filter.  

Comparing the de-noised result of Figure 2(b) with that of Figure 3(b), it can be seen that 
the de-noising effect is not significant when the noise is small, and we cannot reconstruct the ideal 
compressive stress signal through low-pass filtering when the noise level is high. This is because 
the compressive stress signal of the soil during vibration compaction is a mutation signal and 
contains high frequency information which is useful for signal processing. However, the low-pass 
filter filtered out the high frequency components over �s�ä�u�w�Û�u�r���œ as noise. Therefore, the low-pass 
filter cannot separate high frequency components of the signal from the noise effectively. 

 
 

A
m

pl
itu

de
(M

P
a)

 

 

Time(s) 

A
m

pl
itu

de
(M

P
a)

 

 

Time(s) 



 
  Article no. 30 

 
THE CIVIL ENGINEERING JOURNAL 4-2017 

 
----------------------------------------------------------------------------------------------------------------- 

 

                  DOI 10.14311/CEJ.2017.04.0030 365 

 

2.2  Multi-resolution wavelet transform 

2.2.1  Signal analysis principle o f wavelet transform  [10] 
The wavelet transform is a novel signal analysis method gaining popularity in recent years 

[4,11-13], and it is widely used in de-noising of transient saltation vibration signals accompanied by 
noise.  

Let ,and  be the result of the Fourier transform of . If  meets the 

admissibility condition: , then we consider  as a basic wavelet function, 

through the scale transformations and translations of which a group of wavelet functions can be 
obtained. 

(2)
 

In Equation (2������ �µa�¶�� �L�V�� �W�K�H�� �V�F�D�O�H�� �I�D�F�W�R�U�� �Z�K�L�F�K�� �F�R�Q�W�U�R�O�V��the time window width of the wavelet 
�I�X�Q�F�W�L�R�Q�����D�Q�G���µb�¶���L�V���W�K�H���G�L�V�S�O�D�F�H�P�H�Q�W���I�D�F�W�R�U���Z�K�L�F�K���F�R�Q�W�U�R�O�V��the translation of the wavelet function on 
the time axis. The bigger |a| is, the wider the time window is and the narrower the frequency 
window is. It can be proved that the product of the time window width and the frequency window 
width of the wavelet function is constant. 

The dyadic wavelet transform is used widely in practice. By letting  a group of 
dyadic wavelet functions can be obtained.  

(3)
 

The wavelet transform of signal is defined as: 

(4)
 

From the perspective of signal processing, changes in �µa�¶�� �D�U�H��equivalent to a continuous 
change of the transmission bands of a band-pass filter a�Q�G�� �F�K�D�Q�J�H�V�� �R�I�� �µb�¶�� �D�U�H��equivalent to the 
band-pass filtering of the signal at different times. By varying �µa�¶����the signal can be observed 
through the wavelet transform on a wide time window (which corresponds to a narrow frequency 
window) at low frequency, but on a narrow time window (that is a wide frequency window) at high 
frequency. The local time-frequency characteristics of the wavelet transform are very suitable for 
the analysis of signals that change slowly at low-frequencies but rapidly at high-frequencies. 

2.2.2  Wavelet transform principles for de -noising  
The fundamental principle of wavelet transform for de-noising is to let some high-frequency 

components be zero selectively and retaining some useful frequency band, then reconstruct the 
signal through the wavelet reconstruction algorithm.  

Mallat [4] proposed a multi-resolution wavelet transform based on a orthogonal wavelet 
basis. Let  be a wavelet function representing a band-pass filter, and  be a scaling 
function representing a low-pass filter. From the perspective of multi-resolution analysis, wavelet 
decomposition is equivalent to applying the low-frequency signal  with scale  through the 

band-pass filter and the low-pass filter . Then, after downsampling, we can get a low-
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frequency signal  and a high-frequency signal  with scale .The principle of multi-

resolution wavelet decomposition is shown in Figure 4.  

 

 

Fig.4 - Multi-resolution wavelet decomposition 

The low-frequency signal can be decomposed step by step using a multi-resolution wavelet 
transform. In every decomposition, the signal can be divided into a low-frequency band and a high-
frequency band. Let the frequency band of the original signal be . Then, for the k-th 
wavelet decomposition, the signal can be divided into a low-frequency band and a high-frequency 
band with respective ranges and . 

A signal can be decomposed into different frequency bands through multiple multi-
resolution wavelet decompositions. By extracting the useful frequency band but suppressing the 
high-frequency band and applying the wavelet reconstruction algorithm, we can obtain the de-
noised compressive stress signal.  

The vibration frequency of the vibratory roller was 30Hz in the test so, theoretically, the soil 
compressive stress signal should demonstrate a resonance peak value at about 30Hz. Therefore, 
the signal within this frequency band is useful and should be retained. In addition, because of the 
nonlinear characteristics of the vibration, the compressive stress signal not only includes the 30Hz 
frequency components, but other harmonic components such as those at 60Hz and 90Hz, etc, 
which should also be selectively retained. According to the sampling theorem, due to the fact that 
the sampling frequency of the stress signal in the test was 2000Hz, the frequency range analysed 
using the wavelet transform should be [0,1000Hz]. Thus, based on the frequency band segregation 
theorem of wavelet decomposition, the signal should be decomposed to 5 levels.  

According to the above analysis, we decomposed the noisy compressive stress signal 
using the sym8 orthogonal wavelet function to 5 levels. The frequency of the low-frequency signal 
at the fifth level is [0,31.25Hz], which should be completely retained, and the frequency bands of 
high-frequency signals at the other levels are respectively [ �s�r�r�r���t�Þ�á�s�r�r�r���t�Þ�?�5] Hz. We can 
dispose of the high frequency coefficient at different levels by choosing soft thresholds using 
adaptive thresholding based on the estimated noise levels at each decomposition level. Thus, the 
signal can be reconstructed by disposing the high frequency coefficients and retaining the low-
frequency signal at the fifth level. 
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(a) Noisy compressive stress signal 

 

 

 
(b) Signal de-noised through the wavelet transform 

Fig.5 - Signal S1 before and after application of the wavelet transform. 
 

Figure 5(a) shows the noisy compressive stress signal S1, while 5(b) shows the wavelet 
transform de-noising result. Compared with Figure 2, the de-noising effect using the wavelet 
transform is better than that obtained using the low-pass filter, and closer to the ideal stress signal. 
Because the wavelet transform can selectively retain some high frequency information, it is more 
effective in retaining the high frequency characteristics of signal. 
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(a) Noisy compressive stress signal 

 
 

(b) De-noised signal through wavelet transform 
Fig.6 - Signal S2 before and after application of the wavelet transform  

 
Figure 6 shows the wavelet transform de-noising result for signal S2. It can be seen when 

noise levels are high, the wavelet transform can remove some noise but cannot reconstruct the 
ideal original signal. This is because the wavelet transform method is based on the assumption 
that the spectrum band of the noise and the signal can be separated in the multi-resolution 
decompositions; this is approximately correct only when the SNR is high. When the noise is of 
narrow spectrum, its influence can be ignored even its spectrum overlaps with that of the signal. 
However, when noise level is higher, the influence of the overlapping spectrum cannot be ignored. 
Therefore, the wavelet transform is only suitable for de-noising signals with a high SNR, as the 
result is not reliable when the SNR is low and the signal and noise spectra overlap.  

2.3  Spectrum subtraction 
The fundamental principle of spectrum subtraction is that we subtract the power spectrum 

of the noise from that of the signal in frequency domain, then obtain the power spectrum estimation 
of the de-noised signal [5,14-16]. It is essentially a modification of the amplitude of signal by 
subtracting from its power spectrum while retaining the original phase information. Then, the de-
noised signal in the time-domain can be obtained through the Inverse Fast Fourier Transform 
(IFFT). 

Suppose �O�:�J�; is an ideal signal and �U�:�J�; is an actual observation signal; then 

�U�:�J�; L �O�:�J�; E�@�:�J�;,               (5) 
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where �@�:�J�; is the additive noise.  
When the signal and the noise are stationary random processes, the cross-correlation 

function �4�:�ì�; and power spectral density function �2�:�ñ�; of the signal are related through the Fourier 
transform. In this case, the power spectrum of the signal is defined as the modular square of the 
Fourier transform of the signal, which represents its energy density, that is: 

�2�Ò�:�ñ�; L ���; �:�ñ�;���6 L ���(�(�6�:�4�Ò�:�ì�;�;���6,     (6) 

However, �4�Ò�:�ì�; L �' k�; �:�J�;�; �:�JE�ì�;oL �' ck�O�:�J�; E�@�:�J�;o�:�O�:�JE�ì�; E�@�:�JE�ì�;�;g. 
If the noise is uncorrelated with the signal, it can be deduced that: 

���4�Ò�:�ì�; L �' �>�O�:�J�;�O�:�JE�ì�;�?E�' �>�@�:�J�;�@�:�JE�ì�;�?L �4�æ�:�ì�; E�4�×�:�ì�; (7) 
By applying the Fourier Transform to both sides of Eq. (7), it can be deduced that: 

���; �:�ñ�;���6 L ���5�:�ñ�;���6 E���0�:�ñ�;���6               (8) 
The estimated value of the power spectrum of the signal can be obtained using power 

spectrum subtraction: 

�+�5���:�ñ�;�+
�6

L ���; �:�ñ�;���6 F�+�0á�:�ñ�;�+
�6
         (9) 

Where �0á�:�ñ�;  is the estimated value of the power spectrum of the noise, which can be 
approximated using the variance of the noise.  

It can be concluded from Eq. (9) that: 
2�Ö �Ö( ) ( ) ( 1 (| ( ) | / | ( ) |) )S Y N Y�Z �Z �Z �Z� �˜ ��

               
 (10)

 

Suppose  
Where �H is a small positive constant. Then: 

�Ö( ) ( )S Y G� Z � Z�  � ˜                                  (11) 

The estimation of the reconstructed signal can be obtained through IFFT but retains the 
original phase information of signal, that is:  

    �Ö( ) ( ( ) )is n IFFT S e �T�Z�  � ˜     (12) 

where �à is the phase function of the original noisy signal. In practice, the compressive stress signal 
is non-stationary, but each signal segment can be regarded as stationary and can be reconstructed 
using spectrum subtraction by processing short-time windowing segments in the time-domain. 
 

 

 
(a) Ideal compressive stress signal 

Fig.7 - Ideal compressive stress signal and noise signal 
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(b) Noise signal 

Fig.7 - Ideal compressive stress signal and noise signal 

 

 

 
(a) Noisy compressive stress signal 

 

 
(b) Spectrum of signal and noise 

 
 

(c)Signal de-noised through spectrum subtraction 
Fig.8 - The original signal, its spectrum and the signal de-noised through spectrum subtraction  

 
The de-noising performance of spectrum subtraction is verified for a segment of a simulated 

signal. Suppose Figure 7(a) is an ideal compressive stress signal. After the addition of the noise 
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signal shown in Figure 7(b), we obtain the noisy signal shown in Figure 8(a), whose waveform is 
distorted seriously because of the noise. Figure 8(b) shows the spectra of the signal and noise 
which overlap. Figure 8(c) shows the signal de-noised through spectrum subtraction, where it can 
be seen that the de-noised signal is very close to the ideal compressive stress signal. Therefore, 
spectrum subtraction performs well when removing strong background noise.  

 

 

 
(a) Noisy signal 

 

 
(b) Signal de-noised through spectrum subtraction 

Fig.9 - De-noised signal of noisy signal S2 through Spectrum subtraction 
 

Figure 9 shows signal S2 de-noised through spectrum subtraction. The result shows that 
the de-noised signal has the characteristics of the compressive stress signal and is very close to its 
ideal form. Obviously, the de-noising results obtained through spectrum subtraction are superior to 
those obtained using the wavelet transform shown in Fig. 6. Therefore, when the SNR is lower, 
spectrum subtraction can be used to recover the ideal compressive stress signal even if the signal 
and the noise spectra overlap. 

2.4  Independent component analysis (ICA) 
 ICA assumes that N source signals are statistically independent instantaneously, there is 

only one Gaussian-distributed signal at most in the source signals and that the received signal is a 
linear mixture of these N source signals. The ICA algorithm is essentially an optimization problem. 
The mixed signal is decomposed into independent components when the degree to which the 
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components are non-Gaussian reaches a maximum value. Every component obtained is a source 
signal [6,17-21]. 

Suppose �TL �:�T�5�á�T�6�á�®�á�T�à �;�Í  is the m-dimensional random observation signal vector, which 
is a linear combination of n independent source signals �O�Ý in the source signal vector �OL
�:�O�5�á�O�6�á�®�á�O�á�;�Í . Then, we can write 

�TL �*�OL �Ã �D�Ý�O�Ý
�á
�Ý�@�5 �á�FL �s�á�t�á�®�J          (13) 

In Eq. (13), H is an unknown �I H�J full-rank hybrid matrix. The ICA algorithm is used to 
estimate the separation matrix W, and the output that represents the source signal obtained by 
separating �T�:�P�; using W is 

�U�:�P�; L �9�T�:�P�; L �9�*�O�:�P�; L �)�O�:�P�;         (14) 
The separation can be achieved by solving for the optimal G. 
The central limit theorem of probability theory states that the probability distribution of sum 

of each independent random variable tends to be a Gaussian distribution. For the signal under 
consideration, the higher degree to which the components are non-Gaussian, the higher their 
mutual independence. Therefore, the signal is decomposed based on the non-Gaussianity 
measure of the resulting components. When the measure reaches a maximum, this indicates that 
each independent component has been completely separated. The non-Gaussianity measure can 
be represented using a probability density function �L�:�U�; and the Kullback�±Leibler divergence of the 
Gaussian distribution with the same covariance matrix, which is called negentropy. The negentropy 
of a random variable y is defined as: 

( ) ( ) ( )g GaussN y H y H y�  � �            (15) 

where ( ) ( ) lg ( )H y p x p x dx�  � ��³  is the comentropy of y. ( )GaussH y  is the comentropy of a Gaussian 

distribution which has the same covariance matrix with y. According to information theory, the 
random variable of Gaussian distribution which has the same variance also has the maximum 
comentropy. The more non-Gaussian y is, the higher of the value of ( )gN y . The approximation 
equation of negentropy in practical applications is defined as follows:  

2

1

( ) { [ ( )] [ ( )]}
P

g i i i
i

N y k E G y E G v
� 

�  � ��¦   (16)  

where �G�Ü is the constant greater than zero; �R is the Gaussian random variable that obeys the N 
(0,1) distribution; and �)�Ü is a non-quadratic function. 

In order to maximize the upper equation, according to the Kuhn-Tucker condition, when 
�' �>�) �:�9 �Í �T�;�6�?L �!�9 �!�6 L �s, the optimal value should satisfy the following equation: 

�' �>�T�C�:�S�Í �T�; F �Ú�TL �r�?.             (17) 
Therefore, the recursion formula of the ICA algorithm can be obtained as follows: 
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where �ÚL �' �>�S�Í �T�C�:�S�Í �T�;�?�ä 
According to the principle of independent component analysis, when the observed data are 

a random mixture of real signal and noise, they can be separated using the ICA algorithm. 
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(a) Ideal compressive stress signal 

 

 
(c) Noise signal 

Fig.10 - Ideal compressive stress signal and noise signal 
 

 

 
(a) Mixed-signal 1 

Fig.11 - Two mixed-signals 
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(b) Mixed-signal 2 

Fig.11. Two mixed-signals 
 

 

 
(a) Isolated stress signal 

 

 
(b) Isolated noise 

Fig.12 - Separation of signal and noise through ICA 
 

Figure 10(a) shows an ideal compressive stress signal, while 10(b) shows a noise signal 
obtained by extracting and amplifying the time-domain signal from a real compressive stress signal 
during the stable period. If the noise is independent from the original signal, the signal received by 
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the system is a random mixture of compressive stress signal and noise, as shown in Figure 11(a) 
and Figure 11(b), where the two signals are shown after being mixed randomly. Figure 12 shows 
the separation results of signal and noise obtained through the fast ICA algorithm. In Figure 12(a), 
it can be seen that the compressive stress signal was successfully separated from the two mixed-
signals, and is close to the ideal compressive stress signal. Figure 12(b) shows the separation 
result of the noise signal.   

3.  CONCLUSION 
This paper studied the principled and applicability of several de-noising methods for the soil 

compressive stress signal during vibration compaction, with applications on both low- and high-
SNR signals. According to the above analyses, the following can be concluded: 

1) Traditional low-pass filtering methods assume that the signal and noise are in different 
frequency bands, so using appropriately designed filters, noise can be removed while retaining the 
useful signal. When the noise level is low and the frequency band of noise does not overlap with 
that of the signal significantly, a low-pass filter can separate noise from the signal in frequency 
domain effectively. However, this method is not applicable when the spectrum of the signal 
overlaps with that of the noise. 

2) The multi-resolution wavelet transform can decompose the signal into different frequency 
bands, and effectively remove the noise by extracting the signal from the useful frequency bands. 
However, these methods are based on the assumption that the spectrum band of noise and signal 
can be separated during the multi-resolution decompositions. This assumption does not hold when 
the SNR is lower and the spectrum of the noise and signal significantly overlap. In this case, the 
de-noised result is not reliable. Therefore, the wavelet transform is widely used for signals with a 
higher SNR.  

3) Spectrum subtraction methods require that the noise is statistically stationary. Because 
spectrum subtraction takes full advantage of the statistical characteristics of the signal and the 
noise, it can remove the strong background noise. Spectrum subtraction can be applied to remove 
strong statistically stationary background noise, even in cases where the SNR is lower and the 
spectrum of the noise and signal overlap significantly. 

4) ICA assumes that a multi-channel signal is a random mixture of N independent source 
signals. When the signal received is such a random mixture of the ideal signal and noise, the ICA 
algorithm can separate the noise from the signal accurately. In particular, if N independent 
observation channels received meet the assumption of instantaneous independence, the N-
channel original signal can be directly extracted from N-channel noisy observation data through the 
ICA algorithm. ICA is applied in cases of broadband noise, low SNR and considerable spectrum 
overlap between signal and noise. 

In conclusion, when the noise is small, using the multi-resolution wavelet transform can 
yield better de-noising results; when the noise level is high and the effect of spectrum overlapping 
between noise and signal cannot be ignored, spectrum subtraction or ICA algorithm should be 
used to remove the noise based on the specific signal processing system and the characteristics of 
the signal and the noise. 
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problems are more and more serious. The authors have found that the connection between the 
auxiliary facilities and the tunnel lining is where the lining cracks begin to form in many tunnels. 

In this paper, the bolt anchored catenary in a tunnel of Qinhuangdao -Shenyang railway is 
studied. Firstly, the ICEM CFD is used to establish a high-speed railway tunnel model whose 
length is1000m and blocking ratio is 0.1102 (The train model is CRH380A, the cross sectional area 
of the tunnel is 100m2). Secondly, the air pressure in tunnel will be acquired by FLUENT when the 
train speed is 200km / h, 250km / h, 300km / h, 350km / h, 380km / h and 400km / h. Then the 
ANSYS is used to establish the simplified catenary suspension model and the influence of the 
catenary on tunnel lining under the action of aerodynamic load is also studied. Last but not least, 
the load spectrum of the lining structure under different train speed is given, and the load should be 
considered in combination with the passage frequency of the tunnel when design the secondary 
lining. The research results of this paper will make a great significance to the design or partial 
strength of the high-speed railway tunnel lining.  

 

2.  AERODYNAMIC LOAD CALCULATION BASED ON FLUENT 
Firstly, a numerical model is established according to the data provided by the relevant 

scholars of Central South University. In order to make the calculated aerodynamic load close to 
reality, the aerodynamic load calculation model is verified and related calculation parameters is 
adjusted by comparing with the model test data in the laboratory. Linearity reduced scale of this 
model test is 1/17.6. The train model is CRH380A and the length of it is 2.92m. The length and 
sectional area of tunnel are 28m and 0.258 m2 respectively. The speed of train is 55.98m/s, the 
measure point is about 14.2m away from the entrance of tunnel. In order to make the results as 
accurate as possible�Ècalculate time step size is 0.0005s. Figure 1 shows the test and calculated 
value. 
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Fig. 1 - Comparison between the test value and the calculated value 

 
As we can see from Figure 1, the difference between the maximum positive pressure 

obtained from numerical simulation and the model test result is less than 5%. It shows that the 
parameter setting and the model of numerical simulation are in accord with the actual situation. 

Then, the aerodynamic load of CRHA380 train caused when going through the tunnel whose 
cross section is 100m2 at different speeds is analyzed by the numerical simulating calculation. 
According to the results of real vehicle test and numerical simulation, the maximum aerodynamic 
load is obtained within the range of 100m �� 150m from the tunnel entrance. Taking the most  
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ABSTRACT 

In the study of crack resistance of steel fiber reinforced concrete in steel fiber on concrete 
deformation ability and prevent the Angle of the micro cracks, and the lack of overall evaluation on 
the performance of steel fiber reinforced concrete crack. By tinder barrier-free restrain some 
experimental research on steel fiber ceramsite concrete shrinkage ring crack resistance, and use 
the test results within the definition of steel ring strain from expansion to contraction cut-off age for 
early and late ages, and the ages of the cut-off point for the early and the late steel fiber ceramsite 
concrete anti-cracking performance evaluation. The results show that the anti-cracking properties 
of the steel fiber ceramic concrete are improved with the increase of steel fiber content. 

KEYWORDS 
  

Alkali slag cement, No diaphragm shrinkage ring, Concrete structure, Evaluation of crack 
resistance  

INTRODUCTION 

The shrinkage cracking of high performance concrete is one of the problems frequently 
encountered in engineering. Shrinkage ring test, based on some constraints can be used to study 
regeneration powder admixture of concrete shrinkage cracking tendency, the influence of the 
research shows that some reasonable constraint shrinkage ring test to evaluate the ability of 
resisting shrinkage cracking of concrete [1]. Different scholars for related research was conducted 
on the crack resistance of steel fiber reinforced concrete, steel fiber can prevent the expansion of 
the internal micro cracks of concrete added, and increase the tensile strength of concrete, and then 
against the improvement of the performance of the crack [2-3]. In this paper, the anti-cracking 
performance of the regenerated aggregate concrete with different presenting degree can be 
evaluated by partial constraint shrinkage ring test [4]. Literature [5] proposed a quick evaluation 
method for the anti-crack performance of lightweight aggregate concrete with the restraint 
shrinkage ring. 

This paper proposes a more simple part with partition with constraint shrinkage ring crack 
resistance of concrete fast evaluation method, and evaluation by the method caused by 
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ABSTRACT 

Numerical simulation of a progressive collapse of structures using computer has a very 
actual apprehension for structural engineers due to their interest in structures veracity estimation. 
This simulation helps engineers to develop methods for increasing or decreasing the progressive 
failure. Finite Element Method (FEM) is the most computer simulation analysis currently used to 
perform a structural vulnerability assessment. Unfortunately, FEM is not able to automatically 
analyze �D���V�W�U�X�F�W�X�U�H���D�I�W�H�U���H�O�H�P�H�Q�W���V�H�S�D�U�D�W�L�R�Q���D�Q�G���F�R�O�O�L�V�L�R�Q���Z�K�L�F�K���K�D�V���D���J�U�H�D�W���H�I�I�H�F�W���R�Q���D���V�W�U�X�F�W�X�U�H�¶�V��
performance during collapse. For instances, a bombing load can cause damage to a main 
supporting column in a structure, which will cause debris flying at a very high velocity from the 
damaged column. This debris can cause another local failure in another column upon impact and 
lead to the progressive collapse of the whole structure. A new simulation technique, which was 
developed in 1995 as part of Tagel-�'�L�Q�¶�V��doctoral research, called Applied Element Method (AEM) 
�F�D�Q���V�L�P�X�O�D�W�H���W�K�H���V�W�U�X�F�W�X�U�H�¶�V��behaviour from zero loading until collapse, through the elastic phase, 
opening and propagation of cracks, yielding of reinforcement bars and separation and collision of 
elements. This method is used in Extreme Loading for Structures software (ELS) by Applied 
Science International (ASI). In the current paper, a brief description of the AEM is given. Also, 
numerical modelling based on two experimental studies available in the literature conducted by 
Ahmadi et al. [1] and Yi et al. [2] are generated using ELS. These models are used to confirm the 
capability of AEM in simulation the progressive collapse behaviour of structures. Also, the models 
are utilized to examine and measure the structural resisting mechanisms of reinforced concrete 
structures against progressive collapse. The obtained numerical results indicated that, ELS can 
accurately model all structural behaviour stages up to collapse. A better agreement between the 
experimental and numerical results is observed. Moreover, the results obtained with ELS indicated 
an enhanced agreement with other software packages such as; OpenSees, Ansys, Abacus, and 
MSC Marc. 

KEYWORDS 

Progressive collapse, Reinforced concrete frames, Applied element method, Extreme loading 
for structures, Displacement control 
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FAULT-RELATED INSTABILITY PROBLEMS OF TUNNELS - 

THE HOST ROCK SLIP CRITERION AND CHARACTERISTICS 

OF THE TUNNELING-INDUCED SHEAR DISPLACEMENTS 

�-�L�D�Q���J�X�R���/�L�X�����;�L�D�R���M�X�Q���=�K�R�X�����4�L�Q�J���K�X�D���;�L�D�R���D�Q�G���:�H�L���=�K�D�R 
 
�.�H�\���/�D�E�R�U�D�W�R�U�\���R�I���7�U�D�Q�V�S�R�U�W�D�W�L�R�Q���7�X�Q�Q�H�O���(�Q�J�L�Q�H�H�U�L�Q�J���R�I���0�L�Q�L�V�W�U�\���R�I���(�G�X�F�D�W�L�R�Q�����6�F�K�R�R�O���R�I���&�L�Y�L�O��
�(�Q�J�L�Q�H�H�U�L�Q�J�����6�R�X�W�K�Z�H�V�W���-�L�D�R�W�R�Q�J���8�Q�L�Y�H�U�V�L�W�\�����&�K�H�Q�J�G�X���������������������&�K�L�Q�D�����H�P�D�L�O�����[�T�K�B�E�S�#���������F�R�P 

ABSTRACT 

As one of the fault-related instability problems of tunnels, rock slip along fault plane is closely 
related to the shear strength of a fault, and usually causes irrecoverable and sometimes catastrophic 
engineering problems. In this paper, based on continuum assumption and Coulomb-slip failure, a 
criterion to evaluate rock slip along the fault plane was proposed for a circular tunnel in rock masses 
containing a fault. A mathematical equation that describes the relationship between required shear 
strength of a fault and horizontal stress ratio, fault spatial extension and location was established. 
From the equation, the influences of the important parameters on the required shear strength of a 
fault was analysed after a numerical validation was performed. Besides, the effects of fault spatial 
extension and location on the tunnelling-induced shear displacements were characterized through 
numerical models. Characteristics of the tunnelling-induced shear displacements at the excavation 
wall indicated that fault location with respect to the tunnel dominates the nonuniform rock 
deformations at excavation wall, and larger fault dip angles could lead to larger shear displacements 
in some specific pair cases. The presented investigation provides both a deeper insight into the 
instability problems of tunnels related to a fault and a guideline for tunnel support design. 

KEYWORDS 

Tunnel, Fault-related instability problem, Rock slip criterion, Fault shear strength, Tunnelling-
induced shear displacement 

INTRODUCTION 

Fault is quite common in all types of hard rock masses, which affects the mechanical 
properties of rock mass greatly. Many failures or instability problems of tunnels reported are related 
to the nearby fault presence [1-4]. And the instability of host rock around tunnel usually led to 
irrecoverable and catastrophic results. Fault-related instability of underground openings are often 
presented as rock slide along the fault plane, the downfall of blocks, wedges cut by faults or minor 
joints inward the cavern[5-7]. Among these types of instability, rock slide along the fault plane is a 
severe problem that can cause irrecoverable failure and may be a severe threat on long-term stability 
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ABSTRACT 

Active vibration isolation is gaining increased attention in the ultra-high precision application 
of atom interferometry to effectively treat the unavoidable ground vibration. In this system, a digital 
control subsystem is used to process and feedback the vibration measured by a seismometer. A 
voice coil actuator is used to control and cancel the motion of a commercial passive vibration 
isolation platform. The system level simulation model is established by Simulink software, The 
simulation results demonstrate the asymptotic stability of the system and the robustness of the 
control algorithm. Compared with the conventional lead�±lag compensation type controller, the 
algorithm adopted uses sliding mode control, taking advantage of its easy computer 
implementation and its robust high performance properties. With the feedback path closed, the 
system acts like a spring system with a natural resonance frequency of 0.02 Hz. The vibration 
noise in the vertical direction is about 20 times reduced during 0.1 and 2 Hz, The experimental 
results verify that the isolator has significant vibration isolation performance, and it is very suitable 
for applications in high precision gravity measurement. 

KEYWORDS 
  

Active vibration isolation, Low frequency vibration, Sliding control, Atom interferometry  

INTRODUCTION 

Ultra-low frequency vibration isolation has valuable applications in precision instruments 
such as laser interferometers, atomic force microscope, electron-beam microscopes and so on. 
Similarly, in our precision atom interferometry measurements which have been one of the best 
items of equipment to measure gravitational acceleration g. Any change in the relative paths of the 
two Raman beams due to vibrations will be seen as a spurious interferometer phase shift and 
noise in the measurement. This phase noise directly couples into the interferometer phase and 
completely washes out the interferometer fringes for longer pulse separations if not addressed1. 
For example, in the 5m atom interferometer(AI), the free evolution time T, can reach 0.8Hz greatly 
influences the experiment. Therefore, to suppress the low frequency noise primarily caused by the 
vibration of a retro-reflecting mirror mounted at the bottom of our AI. To prevent the interferometer 
fringes from washing out, vibrations have to be reduced to a level where the resulting phase shifts 
are much smaller than 1 rad. Appropriate vibration isolation of the retro-reflecting mirror is crucial 
for achieving clean atom interferometer fringes at long pulse separation. Constructing a vibration 
isolation platform capable of delivering sufficient performance has been the main task of this work 
and is described extensively in the paper. 

Chu�¶s team first constructed a system that isolates a key element of our experimental setup 
from vertical motions of the ground and the surrounding apparatus [1]. The system combines the 
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ABSTRACT 

To solve the problem of insufficiency in microscopic performance of foamed asphalt binder, 
surface energy theory was utilized to analyze the foaming behavior and wettability of asphalt 
binder. Based on the surface energy theory, the Wilhelmy plate method and universal sorption 
device method were employed to measure the surface energy components of asphalt binders and 
aggregates, respectively. Combined with the traditional evaluation indictor for foamed asphalt, the 
relationship between the foaming property and surface energy of asphalt binder was analyzed. 
According to the surface energy components, the wettability of asphalt binder to aggregate was 
calculated to verify the performance of foamed asphalt mixture. Results indicate that the foaming 
behavior of asphalt will be influenced by surface energy, which will increase with the decline of 
surface energy. In addition, the surface energy of asphalt binder significantly influences the 
wettability of asphalt binder to aggregates. Meanwhile, there is an inversely proportional 
relationship between surface energy of asphalt binder and wettability. Therefore, it can be 
demonstrated that surface energy is a good indictor which can be used to evaluate the foaming 
behavior of the asphalt binder. And it is suggested to choose the asphalt binder with lower surface 
energy in the process of design of foamed asphalt mixture. 

KEYWORDS 
 Foamed asphalt mixture, Surface energy theory, Foaming behavior, Surface energy, 
Wettability 

INTRODUCTION 

As a stabilizer and regenerative, foamed asphalt has extremely wide applicability. In many 
countries, foamed asphalt technology has been used for road substrate materials (including 
recycled asphalt mixture). Foamed asphalt for cold recycling technology can not only solve the 
stacking problem of asphalt recycling material (RAP), which is conducive to protecting the 
environment and saving energy, but also has less impact on the environment in the construction 
process [1~2]. In the application process of foamed asphalt technology, the foaming property of the 
asphalt binder directly influences on the performance of the foamed asphalt mixture [3]. A good 
foaming performance can obviously improve the mechanics and road performance of cold recycled 
asphalt mixture [4~5]. Therefore, it is necessary to carry out in-depth research and analysis on the 
foaming performance of asphalt in the study of cold recycled asphalt pavement.  
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ABSTRACT 

Until the last decade, the 1993 American Association of State Highway and Transportation 
Officials (AASHTO) design guide has been traditionally used for the design of flexible and rigid 
pavements in the USA and some parts of the world. However, because of its inability to meet the 
new traffic and material challenges, a Mechanistic Empirical Pavement Design Guide (MEPDG) was 
introduced based on an NCHRP 1-37 A study conducted in 2004. This study used the MEPDG 
software and associated models to determine, through comparative truck damage analysis, the 
effects of nine different truck configurations on a 12 inch-jointed plain concrete pavement (JPCP). 
The study recorded truck damages at the end of each analysis period (40 years) and comparatively 
analyzed the relative pavement damage in terms of fatigue cracking, faulting, and surface 
roughness. The results indicated that the most critical damage to the concrete pavement was caused 
by truck cases with high and uneven load distribution and relatively smaller size axles group (e.g. 
tandem). Other key findings included the following; (1) increase in damage when the truckloads were 
shifted between the same size axles, (2) decrease in truck damage when the truckloads were shifted 
from tandem axle to quad axles, and (3) no change in truck damage when the axle spacing was 
increased between wheels of a quad axle. 
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INTRODUCTION 

Jointed plain concrete pavement is one of the common types of concrete pavements used in 
the USA. Concrete pavements, which are also known as rigid pavements, typically consist of a 
Portland cement concrete (PCC) surface layer supported by a sub-base or subgrade. The concrete 
pavements are categorized based on the type of joints constructed and use of steel reinforcement 
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ABSTRACT 

The strain rate sensitivity of concrete material was discovered approximately one hundred 
years ago, and it has a marked effect on the behaviour of concrete members subjected to dynamic 
loadings such as strong earthquake and impact loading. Because of the great importance of the 
confined reinforced concrete (RC) columns in RC structures, the dynamic behaviour of the 
columns induced by the strain rate effect has been studied, but only few experiments and analyses 
have been conducted. To investigate the behaviour of overlapping hoop-confined square 
reinforced normal-strength concrete columns, considering the strain rate effect at a strain rate of 
10-5/sec to 10-1/sec induced by earthquake excitation, an explicit dynamic finite element analysis 
(FEA) model was developed in ABAQUS to predict the behaviour of confined RC columns 
subjected to the rapid concentric loading. A locally modified stress-strain relation of confined 
concrete with the strain rate sensitivity of the concrete material and the confining effect of 
overlapping hoops were proposed to complete the simulation of the dynamic behaviour of concrete 
with the concrete plastic-constitutive model in ABAQUS. The finite element predictions are 
consistent with the existing test results. Based on the FEA model, a parametric investigation was 
conducted to capture more information about the behaviour of confined RC columns under varying 
loading rates. 
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INTRODUCTION 
With the increasing strain rate of concrete and reinforcing steel, the properties of these 

materials change. This refers to the strain rate sensitivity of concrete and reinforcing steel, which 
has been documented in literature [1-5]. The strain rate sensitivity of the materials significantly 
affects the behaviour of reinforced concrete (RC) members under dynamic loading. As a typical 
type of dynamic load, earthquake loading induces strain rates on the structures. The quasi-static 
stain rate is commonly approximately 10-6/sec to 10-5/sec. Bertero predicted that for a notably rigid 
RC structure with a fundamental natural period of approximately 0.1 s under earthquake action, the 
strain rate at some critical regions can be as high as 0.025/sec [6]. Generally, the strain rate of 
materials in RC structures under earthquake loading is approximately from 10-4/sec to 10-1/sec [7-
9]. Asprone et al. conducted an earthquake evaluation analysis of RC structures to appreciate the 
effect of the strain rate sensitivity of concrete and reinforcing steel on the global seismic response  
of RC structures [10]. The result shows that considering the updated material properties, to  
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ABSTRACT 

Because the stratification of argillaceous slate developed well, the anisotropy is obvious and 
it is easy to soften when encountering water, in the excavation, tunnel is easy to cause large 
deformation and collapse. In order to understand the softening mechanism of argillaceous slate in 
water and mechanical anisotropy and to provide reference for solving practical engineering 
problems, in this paper, introducing an argillaceous slate highway tunnel project in Zixi County of 
Jiangxi province. By preparing standard specimens in field sampling, the mineral composition 
analysis, water rational test and uniaxial compression test were carried out. The result shows: The 
main mineral composition of argillaceous slate is sericite, inclusion of a few chlorite, quartz and so 
on. This composition makes  obvious characteristics of soft rock. The influence of hydration on the 
mechanical properties of argillaceous slate is large. With the increase of water content, the peak 
strength shows a downward trend, while the Poisson ratio shows the characteristics of slow growth. 
At the same time, the mechanical properties of argillaceous slate are obviously anisotropic by the 
direction of stratification plane. The failure modes of argillaceous slate mainly include axial tension, 
local shear failure and shear failure along the stratification plane. 
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INTRODUCTION 
In recent years, the number of tunnel construction in our country is increasing, and various 

complicated geological environment emerge in endlessly. Argillaceous slate, as a kind of stratified 
rock, its joint surface developed well and is easy to be softened by water. At present, engineers and 
technicians know little about the deformation and failure mechanism of the rock. In the process of 
tunnel excavation, it is easy to cause large deformation, collapse and other disasters and cause 
great losses, which brings some difficulties to the tunnel construction. Many scholars at home and 
abroad have carried out many theoretical and experimental researches on layered rock. The results 
obtained are helpful to further study the mechanical properties and deformation mechanism of 
layered rock mass. In the field of theoretical research, some scholars have studied the constitutive 
model and failure prediction of slate. Zuo Qingjun etc al[1] based on  the basic constitutive model in 
the existing Burgers creep, by introducing the water deterioration factor, established the visco 
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