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Abstract: Usual environmental microvibrations (UEMs)
traffic-
induced vibration responses, leading to significant errors in

can introduce inaccuracies for field-measured
the inversion of highway traffic loads. This study proposed
a method for eliminating UEMs in combination with the in-
verse pseudoexcitation method to invert highway traffic
loads. The real vibration response caused by traffic loads
was obtained by separating the UEM component from the
measured ground vibration response of a site through a
frequency-domain transformation. The frequency response
function was subsequently derived using finite element simu-
lation technology. Finally, the traffic load spectrum was in-
versely identified by performing a matrix inversion opera-
tion on the frequency response function matrix. The vibra-
tion response at a measurement point was calculated using
the inverted traffic load spectrum from a synchrotron radia-
tion light source project and compared with field measure-
ments. The relative error decreased from 21.15% to
6.82%,

method. This approach avoided a complex vehicle-road cou-

validating the effectiveness of the proposed
pling analysis and provided a reliable technical means for
load inversion at sites sensitive to microvibration.
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S ynchrotron radiation sources, high-precision electron-
ics factories, and other facilities impose extremely
stringent requirements on controlling ground microvibra-
tions. In areas near these facilities, highways are inevita-
bly used for the transportation of goods. However, the
vehicles traveling on these roads generate significant
ground vibrations, which can disrupt the normal opera-
tions of precision equipment. Obtaining accurate high-
way traffic load data is a critical prerequisite for the pre-
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diction of traffic-induced ground vibrations and the de-
sign of microvibration control measures in synchrotron
radiation sources and high-precision electronics facili-
ties. The most common direct approaches for obtaining
highway traffic loads are static weighing and dynamic
weigh-in-motion methods, both of which rely on on-site
measurements. However, because of the limitations of
the force sensors used in these on-site weighing systems
and the complex and highly variable field environments,
directly measuring highway traffic loads remains techni-
cally demanding and economically cha]lenging“:. There-
fore, in many practical applications, traffic loads are of-
ten estimated using indirect methods.

Highway traffic load inversion is categorized as the
second type of inverse problem in structural dynamics,
where the unknown loads are inferred from the vibration
response of the structure under dynamic loads and its sys-
tem parameters'>. On this basis, researchers have pro-
posed various indirect methods for calculating structural
dynamic loads using measured response data”>). These
studies indicated that the attenuation laws of vibration re-
sponses to traffic loads vary depending on the driving
conditions of different vehicles and the characteristics of
the site soil.

In terms of frequency-domain-based load inversion
methods, Peng et al. "® used a matrix-regularization ap-
proach to simplify multiple moving loads in the spatial
domain to a certain number of equivalent loads. How-
ever, this method resulted in insufficient inversion accu-
racy because it did not use actual load data. When testing
the general traffic induction force inversion algorithm by
solving the inverse problem, Sun et al. "”' used Gaussian
white noise to approximate the highway traffic load ef-
fects caused by road surface irregularities. However,
this method required the establishment of a complex
time-domain regularization model based on Bayesian in-
ference, and it was difficult for the inversion results to re-
flect the characteristics of specific sites. During on-site
vibration testing, the measured response included both
the usual environmental microvibration (UEM) and the
actual vibration response caused by vehicles. Our field
measurements showed that directly using the measured
response without removing the environmental microvibra-
tion could introduce errors exceeding 20% in the recon-
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structed response spectra. Liao et al. "' proposed a load
inversion method based on fiber Bragg grating sensors
and backpropagation neural networks. This method did
not explicitly treat UEM and still reported an average in-
version error of 9. 43%.

The frequency-domain spectral-matrix framework for
random dynamic load identification based on frequency
response functions (FRFs) was established®. Our
method followed this paradigm and augmented it with mi-
crovibration removal before applying the inverse pseudo-
excitation method (IPEM).

In summary, many existing highway traffic load-
inversion methods either fail to explicitly address the
UEM present in field responses or rely on complex
vehicle-road or data-driven models.
motivate the development of a more accurate and
engineering-oriented inversion method that explicitly re-
moves site microvibration and is adapted to local soil
characteristics.

This study addresses the above issues by combining
IPEM with UEM removal to obtain load inversions from
This method avoids the
need for complex vehicle-road modeling and can be di-

These limitations

real vibration response data.

rectly applied to engineering scenarios, providing a new
solution for load inversion in microvibration-sensitive
sites. This study uses a synchrotron radiation source engi-
neering project as a case study to validate the effective-
ness of the proposed method. This study analyzes the
characteristics of UEM and its interference mechanism
on vibration measurements, develops an improved IPEM
that removes UEM from measured spectra and uses
finite-element-derived FRFs to invert the responses for
the load spectrum, and validates the method through
field measurements at a synchrotron facility, where the
relative error is reduced from 21. 15% to 6. 82%.

1 Impact of UEM

UEM refers to persistent small ground vibrations
caused by natural or human factors, mainly comprising
short-period and long-period components'®’.
smooth stochastic process''®. UEM activity originates
from natural phenomena, such as ocean waves, minor
earthquakes, and the atmosphere, as well as human ac-
tivities in distant locations. For example, ocean-wave
impacts on coastlines and interactions between water bod-
ies and the seabed generate energy that propagates into
the continental interior and onto the ground surface in the

It is also a

form of seismic surface waves (e. g. , Rayleigh waves).
Human activities include distant industrial production,
construction, and mechanical operations. UEM is con-
stantly present, even when vehicles pass by.

The frequency range of UEM is relatively wide, typi-
cally ranging from 0. 001 to 10 Hz''". This falls within
the frequency range of ground vibrations caused by traf-

fic loads, and the vibration amplitudes are similar. For
example, the vibration amplitudes of medium-distance
traffic range from 0.1 to 20 wm/s, whereas those of
ground vibrations caused by UEM typically range from
0.1 to 10 wm/s. Therefore, it is particularly important to
remove the UEM before traffic load inversion'*’. Simi-
larly, the dominant role of vehicle-road coupled vibra-
tions and road surface smoothness in the ground and ve-
hicle interior responses has been quantitatively verified in
the latest bridge comfort studies'*.

2 Improved IPEM

2.1 IPEM

IPEM is applicable to load inversion in systems with
deterministic structures. Recent work on the inverse fi-
nite element method and parametric inversion has also
shown that inverse reconstruction combined with a mea-
sured strain field can significantly improve recognition
accuracy' '
by Zhi et al. "', who then reversed this method to create
IPEM. IPEM was then applied in rail transit.

A deterministic structure refers to a system whose pa-
rameters and characteristics can be described by deter-
ministic quantities—that is, all influencing factors of the
system are known, and the system’ s behavior and re-
sponse can be predicted through precise mathematical
models. Compacted soil typically exhibits deterministic
structural characteristics ''.  Accordingly, the traffic
load on the soil can be accurately inverted using IPEM.

One of the key advantages of IPEM is its ability to in-
vert the time-domain and spatial-domain characteristics
of highway traffic loads at different frequencies, thereby
obtaining the attenuation of site vibration responses as a
function of distance. For deterministic soil structures, on
the basis
time-invariant systems, the frequency response function
matrix of the system is constructed to establish a quantita-
tive relationship between the traffic load and vibration re-
sponse spectra. The vibration responses measured in site
vibration tests include those caused by traffic loads and
UEM inherent to the site itself. The vibration responses
of UEM are not significantly different from those caused

. The pseudoexcitation method was proposed

of the theoretical framework of linear

by traffic loads, making it a major interference factor in
field tests.

Assuming that the soil is a linear time-invariant sys-
tem, the relationship between the random vibration sig-
nal input and the output can be expressed as follows:

S.(0)=H(w) S (o) H ()" (1)
where S (w) is the response power spectral density
(PSD) matrix at the measurement points, S, (@) is the

excitation PSD matrix of the random vehicle loads,
H (w) is the frequency response function matrix of the
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soil-structure system, and [ -]" denotes the conjugate
transpose.

In the field tests, the measured vibration response of
the soil includes both the vehicle-induced vibration and
the UEM of the Letting y,(t) denote the
vehicle-induced component and y, (¢) denote the UEM

site.

component of the response at the measurement points,
the total measured response can then be written as

y(@) =y, () +y, () (2)
According to the definition of the PSD of the sum of
two random processes, the PSD matrix of the measured
response can be expressed as
S, (@) =8 () + 8™ (w) + 8, () + 8, () (3)
where S} (@) is the PSD matrix of the vehicle-induced
vibration response, S (w) is the PSD matrix of the
UEM, and §,,,
tral density matrices between y (¢) and y,, (1).

(w) and S,,, () are the cross-power spec-

Because the vehicle-induced vibration and the inherent
microvibration arise from different physical mecha-
nisms, they are assumed to be statistically independent.
Consequently, their cross-power spectral densities van-
ish:

S (w)=8 (0)=0 (4)
Then, Eq. (3) is reduced to
S (w)=58](0)+ S} (w) (5)

Assuming that the load application location is known
and the dynamic response of the system is obtained from
field testing, the identification of the steady-state random
loads based on IPEM proceeds as follows.

The dynamic response of the soil tested on-site in-
cludes vehicle-induced vibration responses and the soil’ s
own UEM. Therefore, the PSD can be expressed as

S (w)=8 (0)+8S,(w)+2Re(S, (w)) (6)
where S, (w) is the PSD of the vibration response at the
S, (w) is the PSD of the
vehicle-induced vibration response, S,,(w) is the PSD
of the UEM, and Re (S, (w)) is the real part of the
cross-spectrum between the vibration responses caused
by the vehicle and the UEM. The vehicle-induced vibra-
tion response is independent of the UEMs of the soil it-
self; thus, their mutual spectrum is zero.

Eq. (6) can be rewritten as

S (w)=8 (0)+8, ()=
H(w)Sﬂ(w)[H(w)]H+Sm(w) (7)

Spectral decomposition is performed on the response

PSD matrix S, (@):

8, (0)= S b,(0) [b,(w) " (8)

i=1

measurement pOil’ltS s

where r is the rank of the response PSD matrix.
The spectral decomposition of the UEM PSD matrix
S, (@) is then performed :

Su(@) = Sa (@) a(w0) =8, () -

i=1
b, (@) b, (@) (9)
i=1
The virtual responses are constructed as follows:
yi(@) =b,(w)e" (10)
Assuming that the vehicle-induced virtual response
v,(w) is generated by the vehicle’ s virtual stimulus
x,(w) = a,(w)e, then
a,(0)=[H(0) b (0w)=[H(w)(c(w)-a(w))
(11)
where the superscript symbol “+” denotes the generalized
inverse operation of the matrix.
The excitation PSD matrix is identified as

()= S a(w)a()]"

i=1

(12)

According to Eq. (6), the traffic load spectrum can be
derived using IPEM :

F(w)=[H(0) (X (0)-A(w)) (13)

According to Eq. (6), if the effects of the UEM are ig-
nored, the measured vibration response is expressed, af-
fecting the accuracy of highway traffic loads.

2.2 Frequency response function matrix

Establishing a finite element model of soil mass is a
critical step in studying ground soil vibration responses
and frequency response function matrices caused by high-
way traffic loads. When defining soil properties, precise
settings based on measured and inverted soil data must be
utilized. Key parameters, such as soil layer thickness,
shear wave velocity, Poisson’ s ratio, density, and
damping ratio, are obtained through field geological sur-
veys and soil dynamic parameter inversion based on con-
5] These measured data provide
important foundational support for the subsequent estab-
lishment of soil finite element models, ensuring their ac-
curacy.

Because the finite element model has finite dimensions
while the actual soil body is infinite, viscoelastic bound-
ary conditions must be applied at the boundaries of the
soil model to simulate the characteristics of an infinite
soil body''®. A unit force is applied at the center of the
model to facilitate harmonic response analysis and
thereby obtain the frequency-domain characteristics of
the vibration response at different distances from the soil
surface under a unit force.

By simulating the vibration response at various points
on the soil surface, the site attenuation characteristics of
the soil simulation analysis can be determined. The fre-
quency range and resolution of the harmonic response
analysis should align with those of the measured site vi-
bration response X,(w) to ensure the reliability of the

tinuous microtremors
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analysis results. In engineering applications, such as syn-
chrotron radiation sources and high-precision electronics
factories, the primary focus is on the vibration effects
caused by traffic on the soil surface below 100 Hz''"
this respect, Zhang et al. ''*' found that the ground-borne
vibrations caused by road vehicles decreased with in-
creasing propagation distance, peaking near 10 Hz.
Therefore, the frequency range for the harmonic re-
sponse analysis was set to 0-100 Hz, with a frequency
resolution of 0. 25 Hz, to balance analysis accuracy and
computational efficiency. Finally, the vibration ampli-
tude and phase at each point on the soil surface were out-
put—combined with the distance from the point where
the unit force was applied and the magnitude of the vibra-
tion displacement—to form the decay law of the simu-
lated soil vibration response and derive the soil frequency
response function.

. In

2.3 Improved method for eliminating the influence
of UEMs

During on-site testing, three measurement points were
arranged perpendicular to the road traffic lanes to be
tested, as shown in Fig. 1.

15

| 2 3
Q.

Fig.1 Layout of the measurement points (unit: m)

The three measurement points had their own specific
functions:

(1) Measurement point 1 served as a time control
point primarily responsible for precisely recording the ex-
act time when a vehicle passed through it, providing a
time reference for the subsequent data analysis.

(2) Measurement point 2 served as a load inversion
measurement point. Its data were directly used for traffic
load inversion calculations, making it the core data
source for the load inversion analysis.

(3) Measurement point 3 served as a response com-
parison point. Its primary function was to validate the
load results obtained from inversion. By comparing the
measured vibration response with that calculated from the
load inversion, the accuracy and reliability of the load in-
version results were assessed.

This measurement point layout ensured the specificity
of each measurement point’s function while cross-
validating the data through multipoint collaboration, pro-
viding a reliable data foundation for subsequent load in-
version and analysis.

The vibration response x;, () was collected for the ve-
hicle operating conditions, whereas the site microvibra-
tion a,(t),i=1,2,3 was collected for the non-vehicle
operating conditions. Fast Fourier transforms and

self-spectrum analyses were performed on both, includ-
ing the frequency-domain amplitude and phase. Then,
the PSD of the true vibration response was obtained after
removing the microvibration according to Eq. (6).

2.4 Inversion accuracy quantification method

To scientifically evaluate the accuracy of the proposed
traffic load inversion method, the following quantitative
verification process was established :

Step 1 Measurement point 1 was used to extract ef-
fective vibration signal samples from the vibration re-
sponse data for various operating conditions in the time
domain.

Step 2 A finite element model of the soil was estab-
lished, and harmonic response analysis was performed to
calculate the frequency response function H(w).

Step 3 Load inversion calculations were performed
using data from measurement point 2 to obtain the in-
verted load PSD. The calculation results are recorded
as .

Step 4 The inverted load PSD §;; was substituted
into Eq. (2) to calculate the PSD. The vibration re-
sponse PSD of measurement point 3 was reconstructed,
the site’ s microtremor response spectrum was superim-
posed, the comprehensive vibration response PSD §,
was obtained, and the 1/3-octave band X, was calcu-
lated.

Step 5 For the error quantification analysis, the com-
posite vibration response 1/3-octave spectrum X ob-
tained in Step 4 and the actual vibration response 1/3-oc-
tave spectrum X, were used to calculate the relative er-
ror, expressed as

X, - X
X=Xl o
1,1,

(14)

The smaller the error e, the higher the load inversion
accuracy and the more accurate the reconstruction of the
vibration response characteristics caused by the actual
highway traffic load.

This quantitative method utilized the cross-validation
of multiple sets of measurement points to form a
closed-loop verification system consisting of “actual
measurement-modeling-inversion-reconstruction-error as-
sessment, ” effectively ensuring the reliability of the load
inversion results.

3 Engineering Applications

3.1 Site conditions

The selected test site was that of a synchrotron radia-
tion source project. A heavily trafficked road was lo-
cated approximately 210 m south of the site. Because the
highway traffic loads generated by vehicle movement
might be transmitted through soil vibrations and have ad-
verse effects on the site, a systematic assessment of the
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load impacts was conducted by simulating real-world
road traffic conditions.

To accurately test the soil vibration response caused by
traffic loads, three measurement points were set up at dis-
tances of 15, 90, and 180 m from the centerline of the
roadway and perpendicular to the direction of traffic
flow. The specific layout of the measurement points is
shown in Fig. 1.

The test conditions were divided into two categories:
vehicle passage and UEM. In the vehicle passage condi-
tions, a 30-t dump truck was used as the test vehicle,
traveling at a constant speed of 40 km/h across the traffic
road. During the constant condition test, within a 300 m
radius of the measurement point, no vehicles were seen
traveling, and no significant vibration sources affected
the measurement point.

The vehicle type and speed for the vehicle passage con-
ditions were chosen to simulate common driving condi-
tions of heavy vehicles in actual traffic to accurately re-
flect the impact of highway traffic loads on ground soil
vibrations. To ensure the accuracy and stability of the vi-
bration response data, loose soil on the surface of the
measurement points was removed to reduce interference
and ensure good contact between the sensors and the
soil. Multiple long steel nails were used to securely at-
tach the iron plate to the hard soil layer, ensuring the sta-
bility of sensor installation. Each measurement point was
equipped with a data acquisition unit and a 941B-type
high-sensitivity magnetoelectric sensor, which was in-
stalled on the steel plate to precisely collect the
time-domain data for the vertical soil vibration response
(x,(t), i=1,2,3). The data acquisition units at each
measurement point were synchronized via GPS timing.
This configuration effectively ensured the stability and
accuracy of the data acquisition process. On the basis of
Nyquist’s theorem, the sampling frequency for the vibra-
tion response was set to 1 024 Hz. This frequency setting
ensured the adequate sampling of the vibration signal and
the accurate capture of vibration characteristics caused by
traffic loads while avoiding aliasing during data acquisi-
tion.

To analyze the impact of UEMs on load inversion, the
time-domain vibration response data for the two types of
operating conditions were obtained from measurement
point 2 using the aforementioned layout and data acquisi-
tion methods. As shown in Fig. 2, the time histories of

the vibration velocity at measurement point 3 were com-
pared for two conditions: a traffic-free interval (shown
in red) as the UEM and an isolated vehicle pass by
(shown in blue). The background remained near zero,
exhibited
time-localized amplitudes. The vibration response was

whereas the  pass-by much larger,
primarily caused by vehicles traveling on uneven road
surfaces, vehicle acceleration and deceleration, and in-
teractions between vehicle wheels and the ground. This
resulted in the vehicles moving up and down at different
frequencies and vibration amplitudes, thereby causing vi-
bration transmission to the ground and reflecting vibra-
tion changes induced by the passing vehicles. A com-
parative analysis indicated that the vibration response un-
der UEM conditions was similar to that under vehicle pas-
sage conditions. Therefore, when measured response
data are directly used for the highway traffic load inver-
sion, the influence of the UEM could significantly inter-
fere with the inversion results, affecting the accuracy and

reliability of the load inversion.

0.15r

During vehicle passage

-sh)

— UEM

0.10 r

0.05

-0.05

Vibration velocity/(mm
=

~0.10 . . . ,
0 5 10 15 20
Time/s

Fig.2 Vibration response comparison diagram

3.2 Model establishment and simulation analysis

The dynamic parameters of the soil were obtained us-
ing the data provided in the geological survey report and
the inversion method for the soil’ s dynamic parameters
based on continuous microtremors. The soil profile was
then simulated and modeled using the finite element soft-
ware Ansys. The detailed soil dynamic parameters are
shown in Table 1, which include the damping ratio,
thickness, shear wave velocity, Poisson’ s ratio, Ray-
leigh wave velocity, and elastic modulus of the soil
layer. These parameters were used to construct the finite
element model.

Table 1 Dynamic parameters of the soil

Geotechnical name Thickness/m

Shear wave velocity/(m-s™")

Damping ratio Density/(t-m™)

Fill soil 1.82
Clay 11.2
Strongly weathered mudstone sandstone 3.1

Weathered mudstone sandstone 40

130 0.035 1.9
280 0.03 2.0
425 0.03 22
600 0.03 22
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The soil’ s dynamic properties were determined using
key parameters such as the shear modulus G, elastic
modulus E, and Rayleigh wave velocity V. According
to the elasticity theory, the relationship between the
shear wave velocity V, and the shear modulus G can be
expressed as

G =pV? (15)
where p is the soil density. This equation indicates that
V, directly characterizes the shear stiffness of the soil.
V&, as the main vibration carrier, has propagation charac-
teristics controlled by V, and Poisson’s ratio v, satisfying
the following approximate relationship:

0.862 + 1. 14v

T4 (16)

Vi =

s

The elastic modulus E can be derived from G and v:
E=2G(1+v) (17)

When establishing a finite element model using An-
sys, the G values of each soil layer were calculated from
p and V, and combined with v to determine E and V.
This ensured that the model had a clearer physical mean-
ing. Considering the difference between the finite nature
of the finite element model and the infinite nature of the
actual soil,
plied to the boundaries of the soil model. These bound-

ary conditions effectively simulated the characteristics of

viscoelastic boundary conditions were ap-

an infinite soil body, thereby improving the simulation
accuracy of the model"'®. A vertical downward unit
point load was set at the top of the model to simulate traf-
fic loads.

Harmonic response analysis was employed in this
study to evaluate the vibration response characteristics of
the soil at different frequencies. The analysis frequency
ranged from O to 100 Hz, with a frequency interval of
0. 25 Hz, to ensure the comprehensive capture of the vi-
bration effects from the low-frequency to mid-frequency
ranges. The full method was used to solve the response
problem, and a sparse direct equation solver was em-
ployed to improve the computational efficiency. The fi-
nal output included the vertical vibration amplitude and
phase information at key points on the top of the soil
model, denoted as H (w).

3.3 Load inversion results based on the improved
IPEM

Fig. 3 compares the load spectra identified from two in-
puts: the blue curve was obtained from the raw measured
vibration response, whereas the red curve was obtained
from the true response after subtracting the UEM. This
demonstrates that load identification was necessary after
eliminating the UEM.

The identified traffic loads were reconstructed to ob-
tain the theoretical vibration response, which was then
compared with the measured vibration response. The re-

1 —— After eliminating UEM
From measurement response
10°
S0l
—
10" T
1073 1 1 1 1 1 ]
0 20 40 60 80 100

Frequency/Hz

Fig.3 Load comparison diagram

sults are shown in Fig. 4, where curve A represents the
frequency band energy distribution of the measured vibra-
tion velocity under vehicle passage conditions, curve B
represents the theoretical response reconstructed from the
measured response without removing the UEM, and
curve C represents the comprehensive response obtained
by superimposing the UEM on the theoretical response re-
constructed from the measured response without the
UEM.
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Fig. 4 1/3 octave plot of response comparison

The frequencies of the identified highway traffic load
vibration response mainly ranged from 0 to 20 Hz, which
had the largest contribution. Therefore, the analysis fo-
cused on the relative error analysis in the three ranges of
0-100, 0-20, and 20-100 Hz.

An error quantification analysis was performed accord-
ing to Eq. (10), and the results are shown in Table 2.
Within the frequency range of 0-100 Hz, the relative er-
ror between curves A and B was 21. 15%, whereas that
between curves A and C was significantly reduced to
6.82% (a reduction of 14.33%). UEM interference
could cause systematic deviations in the load inversion
(with errors exceeding 15%). By removing the UEM to
obtain the true vibration response, the load identification
error could be controlled within a 7% range.

Within the frequency range of 0-20 Hz, the relative er-
ror between curves A and B was 10. 44%, whereas that
between curves A and C was significantly reduced to
9.17% (a reduction of 1.27%). Within the frequency
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Table 2 Comparison for error quantification

Relative error of the traditional
method’s curves A and B/%

Frequency range/Hz

Relative error of the improved

E ducti
method’s curves A and C/% rror reduction/%

0-100 21.15
0-20 10.44
20-100 22.36

6.82 14.33
9.17 1.27
6.38 15.98

range of 20-100 Hz, the relative error between curves A
and B was 22. 36% , whereas that between curves A and
C was significantly reduced to 6.38% (a reduction of
15.98%).

To explain the differences in the results shown in
Fig. 4, the spectrum diagrams for the UEM and vehicle
passage are compared in Fig. 5. When the frequency was
between 2 and 15 Hz, the vibration response when a ve-
hicle passed by was much larger than that of the UEM.
Therefore, when performing load inversion in this fre-
quency range, the influence of the UEM was relatively
small. However, in the frequency ranges of 1-2 and
15-100 Hz, the vibration response when a vehicle passed
by was essentially the same as that of the UEM. In this
case, the UEM must be eliminated. If it were not elimi-
nated, a large error would occur.

10° —Usual environmental micro-vibration
o | = Passing vehicle
E 10"
=
g0
—8 L 1 1 L L J
1075 10 20 30 40 50
Frequency/Hz

Fig. 5 Frequency spectrum comparison

4 Conclusions

This study combined the traffic load inversion results
from a certain synchrotron radiation project site to ana-
lyze the impact of site-specific microtremors on load in-
version. The feasibility and effectiveness of the highway
traffic load inversion method were verified using IPEM
with microtremor removal, leading to the following con-
clusions:

(1) By removing UEMs, the improved method
achieved relative error reductions of 14.33% in the fre-
quency range of 0-100 Hz and 15. 98% in the frequency
range of 20-100 Hz, verifying its accuracy under com-
plex conditions.

(2) The method presented in this study yielded a rela-
tively accurate identification of the traffic load spectrum in
the frequency range of 2-15 Hz, which was the dominant
band for the ground microvibration at the studied site.

(3) The proposed load inversion method provides a
high-precision, low-complexity solution with significant
engineering application value.

(2]

[10]

(11]

[12]
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