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)is paper adopts a combination of numerical simulation, field test, and Random Forest to predict the building vibration induced
by moving train. First, a three-dimensional finite element model based on train-track-site soil-building system is established, and
the track dynamic reaction force calculated by the train-track model is applied as an excitation to the site. On the soil-building
model, this paper analyzes the influence of train speed, axle load, site soil characteristics, and distance from the building on the
vibration of the building caused by the train. With the Random Forest, these different influencing factors are used as inputs, and
the building vibration is the output. )us, the prediction model of the building vibration caused by moving train is established.
)e prediction accuracy can be tested with the measured data. )e results show that this prediction method can provide a higher
prediction accuracy with the maximum error (less than 6.41%) and the average error (less than 2.29%). )is method overcomes
the shortcomings of traditional prediction methods and improves the accuracy of vibration prediction.

1. Introduction

Rail transit has developed rapidly in China in recent years
due to its advantages of large capacity, high speed, and low
transportation cost. High-speed rail transit also causes
more and more serious environmental vibration problems.
Vibration damage has become one of the seven major
public hazards [1]. Environmental vibration will not only
cause serious insomnia, anxiety, and other negative effects
on individuals but also affect the accuracy of precision
instruments. )e research on environmental vibration
caused by rail transit has attracted many scholars’ attention
[2–5].

)e building vibration induced by moving train has also
been studied by some literature. Kouroussis et al. [6] used
finite element modeling for evaluating the ground waves
propagation and a coupled lumped mass model of the soil to
avoid computational resources. And then they proposed
modal analyses of the vehicle and the building to acquire the
effects of seismic wave amplification. Coulier et al. [7] tried

to predict the vibrations in buildings by railway traffic. In
their study, a coupled finite element-boundary element
methodology is used to analyze the interaction between a
building and a railway tunnel. )ey found that the inter-
action between a source at depth and a receiver mainly
affects the power flow distribution. )is mainly due to the
fact that the distance between source and receiver is smaller
than the dilatational wavelength in the soil. Lopez-Mendoza
et al. [8] proposed a scoping model to predict building
vibration induced by railway traffic. )e input of the model
is the data of ground-borne vibration as model input. Galvin
et al. [9] also adopted scoping assessment to predict free-
field vibrations by railway traffic. Ding et al. [10] aimed to
study the soil vibration response of a pile group to reflect the
group-soil vibration induced by railway traffic. Paneiro et al.
[11] measured ground vibrations caused by urban rail
transit, trained on the measured data through artificial
neural networks, and used artificial neural networks to
predict vibrations. However, the influence of soil charac-
teristics on vibration propagation is not considered in this
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paper. Connolly et al. [12, 13] proposed a vibration pre-
diction method.

Recently, some researchers [14–16] used swarm intelli-
gence to predict the vibration induced by railway traffic.
Jayawardana et al. [17] used artificial neural network (ANN)
to predict the vibration isolation effect of double-layer vi-
bration isolation trenches and developed a general predic-
tion model. Yao et al. [18, 19] used the support vector
machine to predict the vibration of the building through the
measured data and the finite element analysis method. Fang
et al. [20] used numerical simulation results and field test
data to train artificial neural networks to improve the ac-
curacy of vibration prediction. )eir prediction model
studied the vibration of the site soil but did not analyze the
vibration of the building.

)is paper tries to propose a vibration prediction model
based on Random Forest. )en the numerical simulation
method and the field test method are used to improve the
prediction performance. )e remainder of this paper is
organized as follows. Section 2 describes our numerical
analysis model which consists of a train-track model, a site
soil model, and a building model. Building vibration in-
fluence factors are discussed in Section 3, followed by a
description of the predictionmodel based on Random Forest
in Section 4. Finally, Section 5 concludes this paper.

2. Numerical Analysis Model

A three-dimensional model of the train-track-site soil-
building system was established to shorten the calculation
time. )e whole system is divided into three subsystem
models: train-track, site soil, and building models. Using the
train-track system model, the vertical dynamic reaction
force of the track on the site soil can be obtained when the
train is moving.)e vertical dynamic reaction force is loaded
on the site soil model, and the vibration response of any
point in the site can be obtained through calculation. )e
vibration of the building in the site soil model to the
foundation of the building can be obtained based on the
vibration from each point of the building.

2.1.Train-TrackModel. )e train is simulated as a multirigid
and multidegree-of-freedom system with moving on the
track at a certain speed. Since the impact of vertical vibration
on the surrounding environment is greater than that of
lateral vibration, this paper only considers the impact of
vertical vibration on buildings. A train carriage rigidly
connected to the rail using Euler beam model simulation,
discrete point support manner, the base rail using ballasted
track model, and the Hertz nonlinear elastic contact are used
to analyze the coupling between the train and the track [21].

2.1.1. Train Model. )e train model is composed of multiple
vehicles, and each vehicle is considered to be composed of
multiple rigid bodies with concentrated mass, including
carriages, bogies, wheelsets, springs, and dampers. )e train
calculation model is shown in Figure 1. )e parameters of
each component are shown in Table 1.

)e train and the bogie, the bogie, and the wheels are all
connected by springs and dampers to simulate the sus-
pension system of the train. In the model, the pitch (βc) and
float (Zc) of the train, the pitch (Zt1, Zt2) and float (βt1, βt2)
of the bogie, the vertical movement of the four wheels (Zwi,
i� 1∼4), a total of 10 degrees of freedom, and Lagrangian
equation are used to establish the train’s motion equation, as
shown in formula (1):

d
dt

zT

zqk

  −
zT

zqk

+
zV

zqk

+
zQ

zqk

� 0. (1)

In the formula, T, V, and Q, respectively, represent the
total kinetic energy, total elastic potential energy, and total
damping dissipation energy of the motion system.

Based on the Lagrangian equation, the equation of train
body, bogie, and wheelset can be established.

)e motion equation of the i-th carriage and its cor-
responding two bogies is shown in equation (2):

Ｍi
€Zi − Ci

_Zi + KiZi � Pi(t), i � 1, 2, . . . , Nv. (2)

In formula (2), Zi is the displacement vector of the i-th
train; Pi(t) is the external excitation force of the i-th train;Mi,
Ci, and Ki, respectively, represent the mass of the i-th car-
riage, damping, and density.

In the train-track model, the random vibration of the
train is simulated by inputting the track irregularity spec-
trum. )e track irregularity spectrum is based on the low
interference power density function of German high-speed
line track irregularity [22], which is obtained by inverse
Fourier transform with MATLAB software.

2.1.2. Track Model. )is paper uses the form of ballasted
track. )e track system consists of four parts: rails, sleepers,
track beds, and subgrades, which are simulated as a three-
layer discrete model. )e track is regarded as an Euler beam
model supported by discrete points, which are discrete
according to the support points of the sleepers. Each element
is composed of two mass units (Msi andMbi) and three-layer
spring damping units (Kpi and Cpi, Kbi and Cbi, and Kfi and
Cfi). Adjacent units are connected by shear spring damping
(Kwi and Cwi). )e model is shown in Figure 2.

2.2. Site Soil Model. )e finite element analysis software
ANSYS was used to establish the soil calculation model of
the site. In order to shorten the calculation time, the site soil
model was simplified. )e line length was 48.5m, vertical
track width was 120m, and vertical track depth was 52.9m.
)ere is a two-layer direction perpendicular to the track; the
size of the model is shown in Figure 3.

In the actual working conditions of the site, the site soil is
a multilayer structure, and the characteristics of each layer of
soil are different. In the numerical simulation, in order to
reduce the calculation conditions and shorten the calcula-
tion time, using formula (3), the weighted average method is
used to convert multiple layers of soil into two layers of soil
[23] for simplified calculation. )e converted site soil pa-
rameters are shown in Table 2.
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Table 1: Calculation parameters of train model.

Name Unit CRH2 (locomotive) CRH2 (car)
Overall vehicle mass Mc kg 3160 30500
Bogie quality Mt kg 3200 2600
Wheelset quality Mw kg 2000 1910
Moment of inertia of vehicle body nodding Jc kg·m2 1.867×106 1.279×106

Moment of inertia of bogie nodding Jt kg·m2 1.753×103 1.424×103

Primary suspension stiffness (per axle) Kpz N/m 2.352×106 2.488×106

Primary suspension damping (per axle) Cpz N·s/m 1.96×105 3.92×105

Secondary suspension stiffness Ksz N/m 2.291× 106 1.982×106

Secondary suspension damping Csz N·s/m 1.174×106 1.96×106

Vehicle length l m 25 25
Vehicle spacing lc m 17.5 17.5
Wheelbase of bogie lt m 2.5 2.5
Wheel rolling circle radius R m 0.43 0.43

Kpi Cpi
Msi

Zw4 Zw3 Zw2 Zw1

Mbi
Kbi Cbi

Kfi Cfi

Zr

Zs

Zb

Figure 2: Track calculation model.
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Figure 3: )ree-dimensional finite element model of site soil.
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Figure 1: Train calculation model.
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)e right boundary and the lower boundary in the model
adopt a three-dimensional uniform viscoelastic artificial
boundary to reduce the impact of vibration wave reflection
at the boundary on the vibration response [24]. )e front
boundary and the rear boundary are regarded as free
boundaries. )e left boundary adopts a symmetrical
boundary.

2.3. Building Model. )e building is a frame structure type
with 6 stories, each of which is three meters high. )e total
height is 18m, the length is 3∗12� 36m, and the width is
1.4m. )e span is 6m; the intermediate span is 2m. )e

building consists of three parts: beam, column, and plate.
)e cross-sectional size of the column is 500mm× 500mm;
the cross-sectional size of the main beam of the house frame
is 350mm× 600mm; the cross-sectional size of the sec-
ondary beam is 350mm× 500mm; the plate thickness is
10 cm; the building layout is shown in Figure 4.

)e frame beams and columns of the building are made
of C25, and the floor slab is made of C20 concrete. )e
building damping ratio ξc � 0.05.)e finite element model of
the building is shown in Figure 5. )e large mass method is
used to load the building, and the spring elastic connection is
used between the concentrated mass and the base node of
the building without considering the damping effect. )e
spring stiffness is calculated according to formulae (4) and
(5):
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where r2 � kc
2 − kα

2, s2 � kc
2 − kβ

2, c2 � 2r2 + kβ
2, and

b2 � 2s2 + kβ
2.

Z is the distance from the contact surface to the free
surface. In this paper, the building is placed on the site soil
surface, so the value Z is 0. λ and μ are lame coefficient. kα, kβ,
and kc are P wave, SV wave, and R wave number, respec-
tively. T and R are wave transmission coefficient. )e letters
with “′” superscript are all the parameter characteristics of

building foundation, and the definition of parameters is the
same as that of soil. )ese parameters can be obtained by
experiment before calculation.

)e calculation results KX and Kz obtained by formulae
(4) and (5) are spring stiffness corresponding to unit soil
area. )e spring stiffness in the model is determined by the
average area of the four soil elements around the spring
element and the spring stiffness coefficient KX or Kz. )e

Table 2: Site soil characteristic parameters.

Soil layer )ick (m) Bearing capacity (kPa) Compression modulus (MPa) Water content (%) Density (g/cm3)
Layer 1 9.7 148.1 17.7 21.8 1.8
Layer 2 38.1 178.3 16.9 23.3 1.9

300 300 300 300 300 300 300 300 300 300 300 300

60
0

20
0

60
0

Figure 4: )e standard layout of the building.
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stiffness of each spring element in the model is the product
of the spring stiffness coefficient and the average area of the
four elements around the node. In this paper, the x-axis and
y-axis of the coordinate system are perpendicular to each
other, the x-axis and y-axis are parallel to the Earth’s surface,
and the z-axis is perpendicular to the Earth’s surface.
)erefore, the spring stiffness coefficient in the y-axis di-
rection is the same as that in the x-axis direction.

)e train-track model calculates the dynamic reaction
force of the track. And then the reaction is put on the
finite element model of the site soil. )e displacement,
velocity, and acceleration of any point on the site soil can
be obtained. )e building model is loaded by the mass
method, and the mass is taken as the structural quality
1E6 times [25]. )e product of the vibration acceleration
and the concentrated mass is the force between the soil
and the building. By analyzing the finite element model of
the building, the vibration response of the building can be
obtained.

)e site soil and building are modeled independently for
calculation and analysis. )rough the calculation of the site
model, the vibration response of each node in the site model
can be obtained. When the building is loaded, the vibration
acceleration of the node corresponding to the center of the
building in the site model is extracted, and then the extracted
vibration acceleration is loaded to the node at the bottom of
all the columns of the building according to the large mass
method.

3. Analysis on Building Vibration
Influence Factors

In order to analyze the influence of train speed, axle load,
distance, soil damping ratio, density, elastic modulus,

Poisson’s ratio, and so on on the building vibration caused
by the moving train, these parameters need to be analyzed.
)e analysis adopts the controlled variable method and only
adjusts the vital parameters like vehicle speed, train axle
load, distance from buildings, and site soil characteristics.
Other parameters remain unchanged, the middle point of
each layer is selected as the calculation point, and the vi-
bration level (dB) is used as the evaluation index. Various
parameters are shown in Table 3.

3.1. Influence of Vehicle Speed. Select the train speed as
67 km/h, 100 km/h, 134 km/h, 167 km/h, and 252 km/h.
Figure 6 shows the curve of the acceleration vibration level of
the building floor under different train speeds.

It can be seen from Figure 6 that when other conditions
remain unchanged and when the train speed is 167 km/h, the
vibration of the building is the smallest. When the train
speed is 252 km/h, the vibration of the building is the largest.
When the height increases, the change of vibration is not
obvious, and the vibration of the building generally shows a
trend of increasing with the increase of speed.

3.2. ;e Impact of Train Axle Load. Axle load is selected for
the train. Five cases as 122 kN, 128 kN, 144 kN, 160 kN, and
176 kN are selected for analysis. Figure 7 shows the vibration
acceleration level of the building floor with different train
axle loads.

It can be seen from Figure 7 that, with the increase of the
train axle load, the vibration level of the same measuring
point on the building floor gradually increases.)e train axle
load has a certain influence on the building vibration. When
the train axle load increases from 122 kN to 176 kN, the
vibration level changes about 3 dB.

Figure 5: )ree-dimensional finite element model of the building.
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3.3. Influence of Distance from Building. )e distances from
the building to the track center are selected as 10m, 20m,
33m, 41m, and 50m, and the vibration level is loaded onto
the model by building a large mass method. Figure 8 is the
vibration level of different floors with different distances
from the building.

It can be seen from Figure 8 that distance has a sig-
nificant effect on building vibration. Under the same dis-
tance, the vibration level between different floors is not
much different, but as the distance increases, the building
vibration level caused by the train gradually decreases, and
the decrease in vibration level is very obvious.

3.4. Site Soil Characteristics

3.4.1. Influence of Soil Damping Ratio. )e soil with
damping ratios of 0.05, 0.1, 0.15, 0.2, and 0.25 is selected for
calculation and analysis. )e train speed is 67 km/h, axle
load is 160 kN, and the other conditions remain unchanged.
Figure 9 shows the variation curve of the acceleration vi-
bration level of the building floor under different site soil
damping ratio conditions.

It can be seen from Figure 9 that, with the increase of the
site soil damping ratio, the floor vibration level gradually
decreases, and the vibration level difference of the same
calculation point is about 7 dB; as the damping ratio in-
creases (from 0.05 to 0.10), the vibration level of the same
point is different. )e maximum vibration level of the same
computing points also changes with the increase in the
damping ratio (from 0.20 to 0.25).

3.4.2. Influence of Soil Elastic Modulus. )e multiples of the
elastic modulus of the two layers are the same, and the
multiples are multiplied by the elastic modulus values in
Table 3, respectively, which are 0.1 times, 1 time, 10 times, 20
times, and 30 times. Figure 10 shows the fold change of the
ground soil different elastic moduli and the vibration ac-
celeration level of the building floor with floor layers’ curve.

It can be concluded from Figure 10 that the vibration
of the building does not increase monotonously with the
increase of the soil elastic modulus. When the soil elastic
modulus is 1 time, the vibration level of each floor cal-
culation point is the largest. When the soil elastic
modulus is 30 times, each floor vibration level is the
minimum.

3.4.3. Influence of Soil Density. Due to the large difference
in soil layers, it is difficult to analyze with the same
numerical value. )e density of soil changes by the same
multiple, and the product of multiples is taken as the
standard of the soil density in Table 3. Take 0.75 times, 1
time, and 1.25 times, 1.5 times, and 1.75 times. Figure 11
shows the curve of the acceleration vibration level of the
building floor with the floor under different density
changes of the site soil.

It can be seen from Figure 11 that, with the increase of
soil density, the vibration level of the same calculation point
gradually decreases; for the same soil density change, the
vibration level of the same calculation point changes greatly
when the soil density is small.

3.5. Test Analysis. Because numerical simulation needs to
make idealized assumptions on the model to achieve the
purpose of simplifying the model, there is an error between
the numerical simulation results and the real vibration re-
sponse. )e field test data is the real vibration response, and
the data results incorporate various influencing factors.
Based on the Random Forest, the prediction model is deeply
optimized using field test data to improve the accuracy of
prediction.

)e test site is located in a residential building near the
Beijing-Guangzhou line. Passenger trains and freight trains
are running on the line at the same time (this paper only
analyzes the vibration response caused by passenger trains),
the axle load of passenger trains is 160 kN, and the speed is
between 40 and 115 km/h.

)e residential building at the test site is a 6-storey
brick-concrete structure, with a total height of 17.25m, a
length of 58 m in the direction perpendicular to the line,
and a width of 12 m in the direction parallel to the line. )e
distance between the building and the side rail of the line is
14 m. Each building has 4 units.)e distance to the line is 4,
3, 2, and 1 units in order from far to near, the distance
between each unit is 14.5m, there is no basement, the
storey height is 2.8m, and each floor is made of 120mm
thick C25 cast-in-place concrete; the site layout is shown in
Figure 12. )e soil parameters are obtained by drilling and
sampling in the laboratory. )e soil quality parameters of
the site where the building is located are shown in Table 4.

)e measuring points are arranged on each floor of unit
4 of the building, as shown in Figure 13. Each measuring

Table 3: )e values of parameters.

)e train
model Speed Axle

load
Poisson’s
ratio

Building
prediction point

distance

Damping ratio
(two layers)

Elastic
modulus
(layer 1)

Elastic
modulus
(layer 2)

Density
(layer 1)

Density
(layer 2)

CRH2 67
(km/h)

160
(kN) 0.20 16.57 (m) 0.05 17.7 (MPa) 16.9 (MPa) 1.83

(g/cm3)
2.02

(g/cm3)
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point is equipped with vibration sensors in X, Y, and Z
directions (this paper only analyzes the vibration response in
the Z direction).

)e sensor adopts 891–IV–type sensor produced by
Harbin Gongli Institute. )e acquisition instrument adopts
INV303/306 made by Dongfang Vibration and Noise
Technology Research Institute, and the sampling frequency
is 100Hz. All instruments and sensors are debugged and
calibrated before speed measurement.

)e test collected 25 sets of data that can be used in this
paper. After the collected vibration acceleration data is filtered
and smoothed, Fourier transform is performed on the collected
data, and the transformed data is analyzed by 1/3 octave fre-
quency, and then it is processed and converted into a vibration
acceleration level, and the processed data is used in the training
of the Random Forest program.

3.6. Data Processing. )e data obtained from the field test
and numerical simulation is the vibration acceleration, and
the data is processed and converted into a form with the
vibration level as the evaluation standard. )e calculation of
vibration level is shown in formula (6):

La � 20 × log10
a

aref
 . (6)

In formula (6), La is the vibration level (dB); aref is the
reference vibration acceleration, which takes the value
1× 10−6; a (m/s2) is the root mean square vibration accel-
eration (RMS); the calculation equation (7) is as follows:

a �

�������������

 a
2
frms

· 100.1cf



. (7)
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Figure 7: Building vibration with different floors under different axle loads.
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In formula (7) in, afrms is the frequency f vibration ac-
celeration (RMS), in units of m/s2; cf is corresponding to a
different frequency vibration acceleration correction value.

4. Random Forest Prediction Model

4.1. Algorithm Development. )e Random Forest was first
proposed by Breiman [26] and others. )rough the learning
of existing data, the regression prediction of unknown data is
realized, and the accuracy of prediction is improved through
the integrated method of decision trees. In this paper, re-
gression tree is used as the base regressor for integration.
Each decision tree is independent of each other and can be
calculated in parallel.

4.1.1. Building a Decision Tree. After the bagging method is
used in the overall training set to collect a subset of training
samples for each decision tree, each decision tree is trained
to form a Random Forest. Each decision tree is trained
independently, and no pruning is performed.

)e CART [27] algorithm is selected as the decision tree
node splitting method, and the C ART algorithm uses the
minimum mean square error sum as the calculation index
for node splitting. )e calculated attributes of each node are
selected at random instead of all attributes, so as to effec-
tively reduce the generalization error.

)e specific calculation method of CART is as follows:
for any partition characteristic A, the corresponding arbi-
trary partition point s is divided into data sets D1 and D2 on

1
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6
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Figure 8: )e vibration level of different floors with different distances from the building.
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Figure 9: Variation curve of building vibration with floor under different damping ratios.
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both sides, when the mean square error of each set of D1 and
D2 is the smallest, and D1 and D2 are the variances of the
corresponding characteristic minimum feature value and the
division point. )e expression is shown in formula (8):

min min 
xi∈D1(A,s)

yi − c1( 
2

+ min 
xi∈D2(A,s)

yi − c2( 
2⎡⎢⎢⎢⎣ ⎤⎥⎥⎥⎦.

(8)

In formula (8), minxi∈D1(A,s)(yi − c1)
2 is the D1 sample

output value data set; minxi∈D2(A,s)(yi − c2)
2 is the D2

sample mean output data set.
)e prediction of the C ART tree outputs the prediction

result based on the average value of the leaf nodes, so the

prediction of the Random Forest is the average of the
predicted values of all trees.

In this paper, the method of randomly combining input
variables is selected as the method of random feature se-
lection, and multiple input variables are selected to deter-
mine the random feature by linear combination. At the
node, each input variable is linearly added with the coeffi-
cient as the weight to generate n linear combinations, and
then the CART algorithm is selected to split.

4.1.2. Algorithm Formation. )e Random Forest model is
written by MATLAB.)e process of building the model is as
follows:
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Figure 11: Variation curve of building vibration response with floor under different soil densities.
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(1) Random sampling is performed from the training
samples using the bootstrapping method. )e
sampling takes the form of replacement. Five sam-
ples are taken each time, and a total of 1736 samples
are taken. Generate 1736 training sets.

(2) Train the corresponding decision tree models on
1736 data sets, respectively, and train 1736 times in
total.

(3) In each decision tree model, the number of features
of the training sample is randomly selected. As-
suming that the number of features is n, then the

CARTalgorithm is used to select the optimal feature
for each split and then split.

(4) Each tree is split according to the above method until
all the training samples on the node are of the same
type.

(5) Combine each generated decision tree model to form
a Random Forest. )e predicted value is calculated
through each tree, and then the predicted value of
each tree is averaged to determine the final predic-
tion result. Figure 14 shows the procedure of the
training of the proposed RF model.

1#

Fence

2# 3#

Fence Testing building

Shijiazhuang

BeijingWest East

4.5m 4.5m 14m

Figure 12: )e schematic diagram on-site.

Table 4: Soil quality parameters of the site.

Soil layer )ick (m) Bearing capacity (kPa) Compression modulus (MPa) Water content (%) Density (g/cm3)
Silty clay 0.5–2.0 150 17.0 19.6 1.91
Silt 2.0–2.4 130 17.5 24.0 1.82
Silty clay 2.0–2.3 150 17.5 21.2 1.75
Silt 2.2–3.0 160 18.5 22.1 1.90
Coarse sand 1.9–2.5 200 18.0 22.5 1.95
Medium-coarse sand 5.4–5.6 320 22.0 22.0 2.11
Silt 2.8–30.0 150 16.5 23.6 1.90

Unit 1Unit 2Unit 3Unit 4

Track
Sensor

Figure 13: Building sensor layout.
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(6) After changing the number of random forests, repeat
the above 1∼5 steps and select the best number of
random forests as 1320.

4.2. Parameter Selection. In order to improve the calculation
efficiency and shorten the calculation time, only the two soil
characteristics that have the greatest impact on vibration are
considered in the algorithm. In the sensitivity analysis of soil
characteristic parameters, all parameters in the finite ele-
ment model remain unchanged except for the characteristic
parameters of the two-layer site soil (excluding the roadbed)
in the site model.

)e single variable method is used to analyze the sen-
sitivity of each parameter. )e damping ratio, Poisson’s
ratio, elastic modulus, and density parameter values of the
site soil were increased by 15%, and other parameters
remained unchanged. Load the train wheel-rail force into the
three-dimensional finite element model for calculation and
analysis, and the acceleration time history data can be ob-
tained and converted into vibration level. Compare the
vibration level value after each parameter change with the
result before the parameter unchanged, and then the dif-
ference is recorded. )e parameter is used to represent the
sensitivity. )e sensitivity analysis of different parameters of
the site soil is shown in Figure 15.

It can be seen from Figure 15 that, among all the pa-
rameters of the site soil, the soil damping ratio has the
greatest impact on the building vibration, followed by the

density. )erefore, the damping ratio and density are chosen
to represent the characteristics of the soil.

4.3. Instance Verification. Select site soil vibration for pre-
diction. Choose one of the working conditions to compare
the test results, numerical model calculation results, and
Random Forest prediction results. )e working condition is
that the train speed is 67 km/h, the train axle load is 160 kN,
the upper soil elastic modulus is 17.7MPa, and the lower soil
elastic modulus is 16.9MPa.)e comparison result is shown
in Figure 16.

According to Figure 16, we can get the following:

(1) )e difference between the predicted value obtained
by the Random Forest method and the simulated
value obtained by the numerical simulation method
is small, the maximum error is 2.35%, and the av-
erage error is 0.72%.

(2) )e maximum error between the predicted value of
the Random Forest method and the experimental
data is 6.41%, and the average error is 2.29%, which is
1.19% and 0.58% lower than the error between the
numerical simulation value and the experimental
value, respectively. )e results show that the Ran-
dom Forest model can obtain data with higher ac-
curacy than numerical simulation and can
objectively reflect the law of propagation in the soil.

(3) As the weight of experimental data in the total

Training sample

Sample 1 Sample 2 Sample 3 Sample n

Classification 
trees 1

Voting for optimal 
classification

Bootstrap resampling

Classification 
trees 2

Classification 
trees 3

Classification 
trees i

Classification 
trees n

Figure 14: Process chart of Random Forest algorithm.
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training sample is relatively small, the predicted
value of Random Forest is closer to the calculated
value of numerical simulation.

5. Conclusions

)is paper uses a combination of numerical simulation, field
test, and Random Forest to establish a prediction model of
building vibration caused by trains. )e prediction model is
used to predict the environmental vibration under a certain
working condition and compare it with the test results. )e
following can be obtained in conclusion:

(1) Numerical calculation results show that factors such
as train speed, train axle load, distance between track
and building, soil density, and soil damping have a
greater impact on the environmental vibration re-
sponse caused by high-speed trains.

(2) Simplify the multilayer soil structure of the site into
two layers for modeling analysis, which can not only
consider the influence of multilayer soil but also
simplify the model.

(3) )e method of combining the Random Forest with
the three-dimensional finite element model and field
test data can effectively make up for the shortcom-
ings of the ideal assumption of the finite element
model and insufficient field test data and improve the
accuracy of prediction.
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