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Abstract. The rail transit and civil aviation are the important components of the comprehensive 
transportation system. The development of the air-rail combined transport is an important effective 
way for China to become a country with strong transportation network. The transportation 
intersection form of railway under-passing airport transportation hub gradually becomes popular, 
thus the environmental vibration due to the under-passing railway cannot be ignored. In this paper, 
a large-scale integrated transportation hub construction project was taken as an example to analyze 
the transmission rule of environmental vibration due to the high-speed railway at the speed of 
350 km/h under-passing airport in terms of the time domain and frequency domain by means of 
the on-site in-situ wheel-drop test. The research results show that the vertical vibration response 
of the ground surface along the normal direction of the railway is greater than those of the other 
two directions within 40 m from the centerline of the track. A vibration amplification zone appears 
within 5-40 m. The longitudinal vibration response of the ground surface is greater than those of 
the other two directions within 40-70 m. The local vibration amplification zones appear within 
5-20 m and 30-60 m. The lateral vibration level of the ground surface along the normal direction 
of the railway increase gradually, but attenuates at the distance of 40 m and 10 m with the 
maximum attenuation rate of 0.67. The vertical vibration level amplifies at the distance of 60 m. 
The longitudinal vibration level attenuates at the distance of 20 m with the maximum attenuation 
rate of 0.3, but amplifies at the distance of 40 m with the maximum amplification rate of 1.8. 
Keywords: wheel-drop test, under-passing high-speed railway, environmental vibration, in-situ 
experiment, frequency domain. 

Nomenclature 𝑣௖௥ Critical speed of wheel 𝑅 Wheel radius 𝜇௪ (Unsprung mass+sprung mass)/unsprung mass 𝑔 Acceleration of gravity 𝑣௜௠ Vertical component of wheel impact speed 𝛾 Coefficient for converting rotational inertial of wheelset to reciprocating inertial mass 𝑑 Wheel flat length 𝑣 Train speed ℎௗ Wheel-drop height 𝐴 Coefficient that characterizes the power spectrum of the irregularity Δ Constant 𝑉𝐿 Vibration acceleration level 𝑎௠ RMS of vibration acceleration 𝑎଴ Reference value of acceleration 
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1. Introduction 

The high-speed railway has developed rapidly with the advantages of high speed, safety and 
convenience. With the rapid growth of civil aviation transportation, the introduction of high-speed 
railway into airports to realize the function of air-rail combined transportation is becoming more 
and more common [1, 2]. In order to achieve the seamless connection of “zero-transfer” as much 
as possible, the introduction of high-speed railways is in the way of underpassing the airport shown 
in Fig. 1. And the impact of environmental vibration caused by the underpassing high-speed 
railway cannot be ignored. The high-speed railway has the characteristics of high operation speed 
and high tunnel clearance. The vibration generated by the coupling of the high-speed train and the 
track is transmitted to the surrounding soil through the lower foundation, which is likely to affect 
the safety of airport buildings, the application of aviation precision instruments and the work for 
airport staff [3]. Due to the lack of mastering the environmental vibration characteristics and 
transmission laws of the high-speed railway, in consideration of the conservative design, multiple 
high-speed railways in China have to reduce the operation speed to 200 km/h or below, such as 
the into-city section of Beijing-Zhangjiakou high-speed railway, the Shijiazhuang section of 
Beijing-Guangzhou high-speed railway, the Qingdao section of Jinan-Qingdao high-speed 
railway. Also, the actual operation speed of the railways are all less than the design speed at the 
section near the vibration-sensitive points, which seriously affects the operation efficiency [4]. 
Additionally, the navigation equipments in the airport are required not to have the harmonic 
vibration for the antennae due to the environmental vibration as per the requirements from Civil 
Aviation Air Traffic Management Bureau in China.  

Therefore, it is of great significance to determine the environmental vibration transmission 
characteristics of the airport due to the underpassing high-speed railway to provide the technical 
support for the anti-vibration design of the airport, and to ensure the operational safety of the air-
rail combined transportation hub. 

 
Fig. 1. High-speed railway underpassing airport. (Note: The picture shown in Fig. 1 is provided  

by China Railway Eryuan Engineering Group Co. Ltd.) 

Theoretically, the transmission of the environmental vibration due to the moving train is 
attributed to a three-dimensional problem allowing for the geometry irregularity of the track and 
tunnel to solve the problem of the boundary effect due to the artificial truncation and the time-
consuming problem for the multiscale and multigrid calculations. Wang Lidong [5] et al. proposed 
a fast computation method used for the analysis of full scale three-dimensional random 
vibrations induced by railway traffic. Francois [6] et al. assumed that the track and soil layer are 
distributed uniformly along the longitudinal direction to make the Fourier transform to the 
frequency-wavenumber domain to generate the 2.5 dimensional calculation method. Degrande [7] 
et al. introduced the periodic finite element method to map the three-dimensional problem into a 
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periodic element with a unit thickness to avoid the effect of the periodic support of track structure. 
Based on the calculation strategies mentioned above, the different kinds of numerical methods are 
widely applied to the calculation of the environmental vibration in recent years. For instance, Jin 
Qiyun [8] et al. and He Chao [9] et al. cross adopted the 2.5 dimensional calculation method and 
the finite element-boundary element coupling method to analyze the ground vibration from trains 
in tunnels. Germonpre [10] et al. applied the periodic method with the finite element-boundary 
element coupling method to analyze the railway induced vibration, while Cui Gaohang [11] et al. 
and Costa [12] et al. applied the 2.5 dimensional calculation method with the finite element-
infinite element coupling method.  

It has been known however that the theoretical and numerical approaches to analyze the 
environmental vibration are generally based on several simplifying assumptions and may be 
incapable of simulating all of the inherent complexities and uncertainties in soil behavior. The 
vibration data based on the actual measurements can reflect the environmental vibration 
characteristics most realistically and avoid the interference of the assumptions in simulation 
models on the evaluation results. Thus, the field tests are of significant value. The experts in the 
related fields have carried out some field test researches on the environmental vibration problems 
caused by the ordinary-speed railways, high-speed railways or subways. Xiao Guiyuan [13] et al. 
conducted a field test study on the environmental vibration characteristics of the buildings 
co-constructed with Shanghai Metro Line 10, and obtained the environmental vibration 
propagation law and frequency distribution characteristics. Sheng Tao [14] et al. in-situ measured 
the three-dimensional environmental vibrations induced by a shallow buried subway to analyze 
the vibration transferring characteristics between the tunnel and the open filed. Wang Xiangqiu 
[15] et al. analyzed the environmental vibration characteristics of the surrounding ground and 
buildings induced by the Wuhan-Guangzhou high-speed railway through the site test, and 
evaluated the impact of the environmental vibration based on the vibration control standards for 
the urban railway. Luo Jingfeng [16] conducted an experimental study on the environmental 
vibration level and attenuation law of an elevated simply-supported girder bridge with a 
high-speed train at the speed of 300 km/h passing through. Zheng Guochen [17] et al. measured 
the ground vibration under four conditions at a representative field with the overlapping section 
of metro and ground traffic to evaluate the impacts of environmental vibration by the comparison 
with the numerical results. Liu Weining [18] et al. applied the deep-hole excitation test to predict 
the impact of subway train on the environmental vibration. Liu Tao [19] measured and analyzed 
the ground environmental vibration response due to the running train against the underpassing-
airport section of the intercity railway from Zhengzhou East Railway Station to the airport. 
Connolly [20, 21] et al. and Marshall [22] et al. conducted the field measurement and spectrum 
analysis of the environmental vibration due to the high-speed railway in Berlin and across Europe.  

The above research is based on the field measurement of the operating high-speed railway and 
intercity railway, or on the test prediction of the low-speed subway. There isn’t any research on 
the environmental vibration transmission characteristics caused by the high-speed railway at the 
speed of 350 km/h at the beginning of the construction, especially based on the field test results 
for the high-speed railway.  

The objective of this paper is to obtain the environmental vibration transmission law due to 
the high-speed railway at the speed of 350 km/h underpassing the airport from the perspectives of 
time and frequency domains by means of the field test approach, so as to provide the data support 
and design reference for the solution of environmental vibration problems due to the introductions 
of high-speed railways into the airport. 

2. On-site in-situ test 

2.1. Test method 

The test includes input load in the tunnel and output response both in the tunnel and on the 
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ground, as shown in Fig. 2. The load exciting the vibration of the track-tunnel-ground system is 
provided by means of the wheel-drop impact test. The vibration accelerations of the track, tunnel 
and ground constituting the vibration transmission path are picked up. The ground vibration both 
along the railway line and perpendicular to the railway line are taken into account in the test.  

The wheel-drop impact test method is a common method to study the dynamic characteristics 
of the vibration system and determine the quality of the vibration performance [23]. A specific 
wheel-drop device [24, 25] shown in Fig. 3 is applied to freely drop the wheelset of the vehicle 
from the different heights to act the impact load on the track to excite the vibration of the track 
structure, tunnel foundation, surrounding soil, thus obtaining the vibration response of each part 
of the dynamic system. The dropping wheelset is connected to the electric pushrod which is used 
to adjust the horizontal position of the dropping wheelset. The dropping height of the wheelset is 
adjusted by the attraction of the electromagnet lifted by the windlass. The operations of the main 
components in the wheel-drop device mentioned above except the dropping wheelset are all 
connected to the control platform. After the wheel-drop device is lifted to a certain height, the 
wheelset alignment, lifting, measuring and wheel-drop height review are performed in sequence. 
The wheelset mass is 1020 kg. The wheel-rail vertical force is calculated based on the rail strain 
measured by the strain gages pasted on the rail after calibrating the relation between the rail strain 
and wheel-rail vertical force.  

 
Fig. 2. Framework of test method 

 
Fig. 3. Wheel-drop device and track model inside tunnel. (Note: The photo was taken  

by Dai Feng in the tunnel of the Chengdu-Zigong high-speed railway  
at the Tianfu International Airport in November 2020) 



IN-SITU EXPERIMENT RESEARCH ON ENVIRONMENTAL VIBRATION TRANSMISSION CHARACTERISTICS OF AIR-RAIL COMBINED AIRPORT.  
ZAIXIN WU, FENG DAI, JIZHONG YANG 

 ISSN PRINT 2335-2124, ISSN ONLINE 2424-4635 39 

The wheel-drop location and height are the key parameters for the wheel-drop test. The wheel-
drop height reflects the wheel flat and the random irregularity on rail surface. The running flat 
wheel are the important factor leading to the wheel-rail impact, as shown in Fig. 4.  

 

 
Fig. 4. Running trace of flat wheel 

Under the condition of the low running speed of the flat wheel, the wheel rotates around the 
contact point 𝐴 on the rail surface. And the rail is impacted when the dropping height of the wheel 
center is equal to the depth of the flat wheel. While under the low speed condition, the wheel 
rotates and impacts the rail at the contact point 𝐵, so the critical speed of the wheel leaving the 
rail [26, 27] is: 𝑣௖௥ = ඥ𝑅𝜇௪𝑔, (1)

where 𝑣௖௥ denotes the critical speed; 𝑅 denotes the wheel radius; 𝜇௪ denotes (unsprung 
mass+sprung mass)/unsprung mass; 𝑔 denotes the acceleration of gravity.  

When the wheel is impacting the rail, the vertical component of the impact speed 𝑣௜௠ is: 

𝑣௜௠ = ሺ1 + 𝛾ሻ 𝑑𝑅 𝑣,     𝑣 ≤ 𝑣௖௥ ,𝑣௜௠ = 2𝑑𝑣௖௥ + 𝑣 ቆ𝜇௪𝑔 + 𝛾ට𝜇௪𝑔𝑅 𝑣ቇ ,   𝑣 > 𝑣௖௥ , (2)

where 𝛾 denotes the coefficient for converting the rotational inertial of the wheelset to the 
reciprocating inertial mass; 𝑑 denotes the wheel flat length; 𝑣denotes the train speed. 

When the train speed is equal to the critical speed, the vertical impact speed reaches to the 
maximum, namely: 

𝑣௜௠ = ሺ1 + 𝛾ሻ𝑑ට𝜇௪𝑔𝑅 . (3)

The maximum vertical impact speed is proportional to the flat length, the relationship between 
the wheel-drop height and the wheel flat length is determined by Eq. (4): 

ℎௗ = ሺ1 + 𝛾ሻଶ𝑑ଶ𝜇௪2𝑅 , (4)

where ℎௗ denotes the wheel-drop height. 
When there is the random irregularity on rail surface, the impact speed for the energy when 

the wheelset falling equal to the standard deviation of power for the running train is calculated by 
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Eq. (5): 

𝑣௜௠ = ඨ𝜋𝐴Δ 𝑣, (5)

ℎௗ = 𝜋𝐴𝑣ଶ2𝑔Δ , (6)

where 𝐴 denotes the coefficient that characterizes the power spectrum of the irregularity; Δ 
denotes the constant. 

2.2. Test outline 

The on-site test site is located in the airport site of a large-scale air-rail combined transportation 
integrated transportation hub shown in Fig. 1, in which the high-speed railway at the speed of 
350 km/h will underpass the airport runway and taxiing area. The tunnel is buried at the depth of 
10 m in the ground consisting of three kinds of soil layers shown in Fig. 5. The mechanical 
performance parameters of the rock and soil around the tunnel are shown in Table 1.  

The wheel-drop test site is far away from the high-speed railway section under construction. 
The test at night was conducted to avoid vibration interference sources such as the construction 
site nearby. With consideration of the fact that the track hasn’t been paved in the high-speed 
railway tunnel, a full-scale model of the CRTSI double-block ballastless track shown in Fig. 3 was 
cast in the tunnel. The track model consists of rails, fasteners, double-block sleepers and track 
slab. The length, width and height of the track slab model are 4.8 m, 2.8 m and 0.255 m 
respectively. The rails are installed on the double-block sleepers by the WJ-8 fasteners. In order 
to reduce the influence of boundary conditions, the wheel-drop position is set in the middle of the 
track slab. It is known that the high-speed trains of CRH380A are planned to operate on this 
high-speed railway. Based on Railway Technical Management Regulations, supposed that there 
is the wheel flat at the length of 30 mm existing for the train of CRH380A, the wheel-drop height 
is taken as 30 mm by Eq. (4) and (6).  

 
Fig. 5. Test site outline 

Table 1. Parameters of mechanical properties of rock and earth mass 

Soil layer Thickne
ss / m 

Modulus of 
elasticity / MPa 

Shear wave 
velocity / m/s 

Compressional 
velocity / m/s 

Poisson’s 
ratio 

Density 
/ kg/m3 

Plain fill 1 5.0 184 120 848 0.35 1850 
Plain fill 2 10.0 206 177 1172 0.35 1950 
Moderately 
weathered 
limestone 

30.0 3000 295 2673 0.24 2350 
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2.3. Measured points arrangement 

The measured points along the longitudinal and normal directions of the railway line on the 
ground, track surface and side wall in tunnel were arranged. 

On the ground surface the measured points were distributed in the range between the tunnel 
and the navigation equipment on the ground horizontally closest to the tunnel as shown in Fig. 5. 
In detail, the ten measured points T1~T10 along the normal direction of the railway line 
horizontally started from the wheel-drop center, while the three measured points L2~L4 were at 
equal intervals along the railway line, see Fig. 6. The vibration pickups of type 991B for the 
longitudinal, lateral and vertical directions were arranged for each measured points on the ground 
surface. 

 
Fig. 6. Measured points on ground surface. (Note: The photos were taken  

by Dai Feng in the yard of the Tianfu International Airport that the  
Chengdu-Zigong high-speed railway underpasses in November 2020) 

In order to account for the vibration transmission contributions from the track and tunnel 
finally to the ground for the whole dynamic system, the measured points BZ1 and BB1 on the 
track surface in tunnel were respectively arranged in the middle and at the side of the track slab 
along the central axis of the wheel-drop, while the measured point SD1 on the side wall of the 
tunnel was at the position of 1.5 m from the base at the same cross-section as the track measured 
points, see Fig. 7. The acceleration sensors of type 3145A and 3100D24 were adopted for the 
vertical acceleration test in tunnel. 

 
Fig. 7. Measured points inside tunnel. (Note: The photo was taken by Dai Feng in the tunnel of the 

Chengdu-Zigong high-speed railway at the Tianfu International Airport in November 2020) 
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3. Time-domain analysis 

3.1. Wheel-rail vertical force 

The wheel-rail force reflects the dynamic characteristics of the wheel-rail interaction and 
provides the initial dynamic conditions for the train-track-tunnel-soil system. The time-domain 
response of the wheel-rail vertical force directly below the cross-section of the wheel-drop is 
shown in Fig. 8 for the CRTS I double-block ballastless track system under the impact at the 
different wheel-drop heights. The wheel-rail vertical force is for the local source of excitation. 
The first peak of the wheel-rail vertical force denotes the transient impact force at the high 
frequency with the duration of about 2 ms. The amplitude of the wheel-rail vertical force ranges 
from 48 kN to 110 kN at the wheel-drop height from 10 mm to 40 mm. Due to the limitation of 
the track model length, there exist more peaks after 0.01 s. Compared with the existing research 
findings [28], the test results correspond to the measured and simulated wheel-rail vertical force 
obtained in the wheel-drop impact test.  
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Fig. 8. Wheel-rail vertical force under wheel-drop impact load 

3.2. Vibration response of measured points in tunnel 

The vibration accelerations of the measured points in tunnel along the respective longitudinal 
(𝑋), lateral (𝑌) and vertical (𝑍) direction were analyzed. The variation trend of the vibration 
acceleration responses of the same measured point at the different wheel-drop heights is the same, 
so the average value of the two groups of test data at the wheel-drop height of 30 mm is taken as 
the corresponding peak vibration acceleration as shown in Fig. 9.  
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Fig. 9. Vibration response of measured points inside tunnel 
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The vibration response of the track slab is significantly greater than that of the side wall in 
tunnel. The vibration response of the side wall in tunnel tends to zero, which shows that the effect 
of the impact load greatly attenuates along the lateral direction of the track slab towards the side 
wall in tunnel. Since the two ends of the track slab are freely unconstrained, the acceleration of 
the track slab at the side is significantly greater than that in the middle. The vertical peak vibration 
acceleration of the track slab is obviously larger than that in the other two directions, but attenuates 
the fastest. 

3.3. Vibration response of measured points on ground 

The peak vibration accelerations of the measured points on the ground are illustrated in Fig. 10. 
The vertical vibration response of the measured points along the direction perpendicular to the 
railway line at the distance of 40 m away from the centerline of the track is significantly larger 
than that in other two directions. There appears the vibration amplification area within 5-40 m 
with the maximum amplification rate of 6.8 times, which is due to the superposition effect of the 
incidence and reflection of the near-field body waves on the ground surface. The vibration 
responses of the measured points in the longitudinal direction is larger than that in other two 
directions within the range of 40-70 m. And there appear the local amplifications at different level 
within the respective range of 5-20 m and 30-60 m. The corresponding maximum amplification 
rate reaches to 6.7 times. The lateral vibration however dominates at 80 m. The three-dimensional 
vibration intensity of the measured points along the direction perpendicular to the railway line on 
the ground surface presents the different dominant changes within the different distance ranges. 

The attenuation laws of the vibration responses for the measured points on the ground surface 
along the direction of the railway line are different in different directions. The vertical vibration 
response attenuates sharply within the range of 20 m away from the wheel-drop center, and then 
increases gradually. The peak vibration accelerations in the other two directions are basically in 
the same order of magnitude. And the peak vibration accelerations in the longitudinal direction 
largely increase within the range above 40 m. 
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Fig. 10. Vibration response of measured points on ground surface  

4. Frequency-domain analysis 

4.1. Vibration acceleration level of track measured points 

In order to quantitatively analyze the environmental vibration transmission and frequency-
division vibration level of the airport under the impact load of the wheel-drop in tunnel, the 1/3 
octave frequency analysis on the vibration signals in time domain was carried out. And the 
vibration acceleration level is calculated according to Eq. (7). The 1/3 octave vibration level 
spectra for the track measured points in tunnel is listed in Fig. 11. The distribution laws of the 
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vibration level in frequency domain for the track slab in the middle and at the side are different. 
The vertical vibration level of the track slab in the middle is obviously larger than that in the other 
two directions. And the ratio of the vibration level in one direction to that in another direction for 
the three directions is up to 4.2 times. The smaller vibration levels in all the directions correspond 
to the narrower frequency range. The longitudinal vibration level of the track slab at the side is 
the maximum. And the ratio of the vibration level in one direction to that in another direction for 
the three directions is up to 2.8 times: 𝑉𝐿 = 20lg 𝑎௠𝑎଴ , (7)

where 𝑎௠ denotes the RMS of the vibration acceleration; 𝑎଴ denotes the reference value of the 
acceleration.  
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Fig. 11. Vibration acceleration level of track measured points 

4.2. Vibration acceleration level of ground measured points 

Figs. 12 to 14 summarize the 1/3 octave vibration acceleration level for the measured points 
on the ground surface along the direction of the railway line, while those along the direction 
perpendicular to the railway line are shown in Figs. 15 to 17. The longer distance from the wheel-
drop center to the measured points along the direction of the railway line correspond to the larger 
longitudinal and lateral vibration level which gradually attenuates at about 15 Hz. The longitudinal 
and vertical vibration level increase sharply within the range of 40-60 m, while the lateral vibration 
level increase significantly within the range of 0-40 m. Detailedly in Table 2, the vertical vibration 
level is 1.1 times larger than the longitudinal one and 1.8 times larger than the lateral one 
respectively. The magnification factor of the longitudinal vibration level along the direction of the 
railway is larger than that of the lateral and vertical ones. The vertical vibration level of the 
measurement point L4 increased slightly at 5 Hz, 12.5 Hz and 31.5 Hz, which indicates that those 
frequencies are the sensitive frequencies for the vertical vibration of the airport ground. 

Table 2. Maximum vibration level of measured points on ground surface along railway line 

Number of measured points Maximum vibration level / dB Amplification coefficient 
X Y Z X Y Z 

T1 10 6 21 1.00 1.00 1.00 
L2 17 14 27 1.70 2.33 1.29 
L3 21 21 23 2.10 3.50 1.10 
L4 37 23 41 3.70 3.83 1.95 

 



IN-SITU EXPERIMENT RESEARCH ON ENVIRONMENTAL VIBRATION TRANSMISSION CHARACTERISTICS OF AIR-RAIL COMBINED AIRPORT.  
ZAIXIN WU, FENG DAI, JIZHONG YANG 

 ISSN PRINT 2335-2124, ISSN ONLINE 2424-4635 45 

0

20

40

60

10

100
0

5

10

15

20

25

30

35

40

Frequency/Hz

Vibration acceleration level/dB

Distance/m

0.000

3.780

7.560

11.34

15.12

18.90

22.68

26.46

30.24

34.02

37.80

 
a) Variation tendency 

10 100
0

5

10

15

20

25

30

35

40

V
ib

ra
tio

n 
ac

ce
le

ra
tio

n 
le

ve
l/d

B

Frequency/Hz

 0m
 20m
 40m
 60m

 
b) Amplitude distribution 

Fig. 12. Vibration acceleration level in 𝑋 direction of measured points on ground surface along railway line 
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Fig. 13. Vibration acceleration level in 𝑌 direction of measured points on ground surface along railway line 
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Fig. 14. Vibration acceleration level in 𝑍 direction of measured points on ground surface along railway line 

It can be seen from Figs. 15 to 17 as well as Table 3 that the variation law of the measured 
points along the direction perpendicular to the railway line on the ground is different. The lateral 
vibration level gradually increases along the direction perpendicular to the railway line, but 
attenuates at the distance of 10 m and 40 m away from the wheel-drop center to different extent. 
It attenuates the most about 0.67 times of the original. The vertical vibration level gradually 
decreases along the direction perpendicular to the railway line, but amplifies at the distance of 
60 m away from the wheel-drop center. The longitudinal vibration level attenuates the most to 0.3 
times of the original at the distance of 20 m, but amplifies to 1.8 times of the original at the distance 
of 40 m. And the longitudinal vibration level doesn’t obviously change with the distance. The 
longer distance away from the wheel-drop center corresponds to the narrow frequency range for 



IN-SITU EXPERIMENT RESEARCH ON ENVIRONMENTAL VIBRATION TRANSMISSION CHARACTERISTICS OF AIR-RAIL COMBINED AIRPORT.  
ZAIXIN WU, FENG DAI, JIZHONG YANG 

46 JOURNAL OF MEASUREMENTS IN ENGINEERING. MARCH 2023, VOLUME 11, ISSUE 1  

the vertical vibration on the ground. The vibrations at the low and high frequencies move towards 
the intermediate frequencies. 
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Fig. 15. Vibration acceleration level in 𝑋 direction of measured points  
on ground surface along direction perpendicular to railway line 
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b) Amplitude distribution 

Fig. 16. Vibration acceleration level in Y direction of measured points  
on ground surface along direction perpendicular to railway line 
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b) Amplitude distribution 

Fig. 17. Vibration acceleration level in Z direction of measured points  
on ground surface along direction perpendicular to railway line 

Moreover, the vibration level of the measured points along the railway line on the ground 
attenuates above 80 Hz, see Fig. 18. The vertical vibration level increases with the further distance 
within a smaller range than that in the other two directions, see Fig. 19. The lateral vibration level 
is more sensitive to the distance change and increases most sharply. The maximum vibration level 
occurs in the lateral direction for the measured points along the direction perpendicular to the 
railway line. The later vibration level attenuates above 50 Hz regardless of the distance. The 
sensitive frequency for the vertical vibration level occurs at 5 HZ, 12.5 Hz, 25 Hz and 80 Hz. 
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Table 3. Maximum vibration level of measured points on ground surface  
along direction perpendicular to railway line 

Number of measured points Maximum vibration level / dB Amplification coefficient 
X Y Z X Y Z 

T1 10 6 21 1.00  1.00  1.00  
T2 8 12 18 0.80  2.00  0.86  
T3 10 4 15 1.00  0.67  0.71  
T4 3 13 12 0.30  2.17  0.57  
T5 10 15 11 1.00  2.50  0.52  
T6 18 6 9 1.80  1.00  0.43  
T8 9 19 14 0.90  3.17  0.67  

T10 12 31 5 1.20  5.17  0.24  
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Fig. 18. Vibration level differences relative to T1 
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Fig. 19. Vibration level amplification coefficient relative to T1 

It can be inferred from the analysis above that the vertical vibration of the airport ground 
induced by the underpassing high-speed railway should be paid close attention to with the 
horizontal distance of 0-30 m away from the high-speed railway centerline, while the longitudinal 
vibration should be taken into full consideration within 40-70 m. The local amplification for the 
vertical vibration at 10 m and 30 m from the high-speed railway centerline as well as that for the 
longitudinal vibration 40 m and 60 m should be observed carefully while placing the necessary 
precise instruments on the airport ground. In terms of the operation of the precise instruments, the 
vibration of the precise instruments due to the underpassing high-speed railway should be avoided 
at the sensitive frequency of 5 Hz, 12.5 Hz, 25Hz, 31.5 Hz and 80 Hz for the ground vibration. 
For the navigation equipment in this site, the necessity of the lateral vibration prohibition can be 
investigated further.  
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5. Conclusions 

1) The vertical ground vibration response along the railway line largely attenuates within the 
range of 20 m, while the longitudinal vibration response large increases away from the location of 
40 m.  

2) The vertical ground vibration response along the direction perpendicular to the railway line 
is larger than that of the other two directions within the range of 40 m away from the wheel-drop 
center. And there exists the vibration amplification zone within the range of 5-40 m. The 
longitudinal vibration response of the ground surface is greater than those of the other two 
directions within 40-70 m. There is also the local amplification zones for the longitudinal vibration 
response within the range of 5-20 m and 30-60 m. 

3) The longitudinal and lateral vibration levels of the ground surface increase gradually along 
the railway line, but attenuate gradually at about 15 Hz. The longitudinal and vertical vibration 
levels largely increase within 40-60 m, while the lateral vibration level substantially increase 
within 0-40 m.  

4) The lateral vibration level of the ground surface increase gradually along the direction 
perpendicular to the railway line, but attenuates at the distance of 10 m and 40 m with the 
maximum attenuation rate of 0.67. The vertical vibration level amplifies at the distance of 60 m. 
The longitudinal vibration level attenuates at the distance of 20 m with the maximum attenuation 
rate of 0.3, but amplifies at the distance of 40 m with the maximum amplification rate of 1.8. 
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