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Abstract. This paper presents a new method to address subgrade settlement and alignment deviations in double-block
ballastless tracks for high-speed railways. The method focuses on minimizing damage to the track structure during the lifting and
rectification of the double-block ballastless track in short-length subgrade sections. A finite element model (FEM) was
developed to analyze key construction parameters, including jack spacing and dissociation length. Numerical simulations
determined that a 3 m jack spacing is optimal, as increasing it to 5 m results in a 20%-32% increase in jacking force.
Additionally, a 31 m dissociation length effectively reduces stress on the track structure while maintaining construction
efficiency. The multi-point horizontal thrust correction method was validated, achieving a maximum lift of 39.5 mm and a
maximum deviation correction of 4 mm, without inducing structural cracking. Post-construction evaluations confirmed
significant enhancements in track smoothness and alignment. Dynamic inspection data indicated a >60% reduction in peak-to-
valley values, horizontal displacement, and vertical acceleration. Furthermore, real-time displacement monitoring verified that
lateral and vertical movements remained below 0.2 mm and 0.3 mm, respectively, ensuring compliance with high-speed railway
safety standards. These findings demonstrate that the proposed mechanical lifting and chemical grouting technique effectively
mitigates subgrade settlement and track misalignment. The proposed method has been successfully applied to the Beijing-
Guangzhou railway, demonstrating effective solutions for subgrade settlement and alignment deviations in the maintenance
phase. As a result, the track smoothness was successfully restored, meeting the operational requirements for increased train

speed.
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1. Introduction

Foundation deformation can lead to a variety of
engineering issues and significantly impact on structural
safety. As a result, geotechnical experts have undertaken
extensive theoretical and practical research in this area,
addressing the issue through geosynthetics (Zamani ef al.
2023) and grouting (Bian et al. 2021). Research on
foundation diseases has yielded significant results in civil
engineering, particularly in the context of stress caused by
such issues (Amornfa et al. 2023). As road and rail
transportation systems continue to evolve, methods for
detecting and analyzing slope stability are constantly
advancing. These advancements include the use of
numerical simulations to evaluate slope stability, the
analysis of soil structure parameters through microscopic
testing, the application of dynamic testing to monitor and
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predict changes in roadbed stability, and the integration of
big data models to enhance the safety and efficiency of
railway operations and maintenance. (Hu et al. 2023, Chen
et al. 2024, Zuo et al. 2022, Ghofrani et al. 2018).
Simultaneously, the deformation and settlement of high-
speed railway tracks have garnered increasing attention
(Hadi et al. 2023, Charoenwong et al. 2022, Paixdo et al.
2015).

Ballastless track is characterized by high smoothness,
integrity, stability, and reduced maintenance requirements.
Giunta and Pratico (2017) conducted a cost analysis
comparing different track solutions. Ballastless track offers
advantages such as an extended service life, low
maintenance costs, and high lateral stability. However, it
may lead to uneconomical maintenance and renewal costs
over extended life span. Ballastless track is the primary
track structure used in China's high-speed railway system.
High-speed rail (HSR) ballastless track defects are
influenced by various factors, including the track structure,
temperature fluctuations, water ingress, train loads,
deformation of the underlying foundation, and construction
quality (Dong et al. 2022). Settlement amplitude and
settlement wavelength of the subgrade have significant
effects on track deformation (Cui et al. 2017). The
ballastless track structure of individual road base sections
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Table 1 Calculation model material parameter table

Name Poisson ratio  Density (ke/m?) Corrllit)iélgive ElaSti((é} r;l;))dulus C(Ef(llenii)on Fricti(()cr)l) angle
rail 0.3 7850 Elastic 210.0 - -
track slab 0.2 2500 Elastic 32.5 - -
supporting layer 0.2 2500 Elastic 30.0 - -
subgrade 0.3 1950 0.19 5 40

may experience horizontal displacement, which can lead to
significant lateral irregularities in the track. This
phenomenon negatively impacts normal operation and
accelerates the deformation and failure of various track
components (Liu et al. 2021). Subgrade settlement and
track deviation have become prevalent defects, impacting
track smoothness, driving safety, and riding comfort. When
settlement and horizontal deviation surpass the adjustment
limit of fasteners, it becomes necessary to employ track
structure lifting and correction technology to rectify these
issues. This technology primarily utilizes mechanical or
grouting lifting methods to raise the detached upper track
structure to the target elevation. Horizontal thrust is then
applied to correct track deviation, followed by grouting to
fill the gaps created during the lifting process. Currently,
this technology has been successfully applied to CRTSI,
CRTSII, and CRTSIII slab ballastless tracks, as well as
turnout of ballastless tracks for skylight operations (Zeng et
al. 2022, Ren et al. 2021).

A high-speed railway implemented a double-block
ballastless track structure. Subsidence and deviation were
observed in the roadbed section, with a maximum
settlement of 48 mm and a maximum deviation of 8§ mm.
Given that the affected section is only 21 m long, the stress
on the track structure and the construction safety risks are
significant when lifting and correcting the deviation. In-
depth research into existing technical solutions, tailored to
the specific characteristics of the project, is essential.

The double-block ballastless track poses significant
challenges in regulating subgrade settlement and correcting
track deviation, primarily due to its structural integrity and
the millimeter-level precision required for maintenance.
Key concerns include high safety risks, stringent quality
control, and complex construction logistics. The short
deviation correction section (21 m) requires substantial
horizontal thrust, increasing the likelihood of structural
cracks and stress concentration. Furthermore, the limited
skylight operation time necessitates rapid yet precise
execution, placing high demands on both technical expertise
and construction management. To ensure successful
implementation, three critical construction parameters must
be determined: the maximum horizontal deviation
correction thrust, the optimal spacing for horizontal jack
placement, and the dissociation length of the high-closed
layer. These parameters were optimized through simulation
tests, enhancing construction efficiency while minimizing
structural impact and safety risks.

This study aims to develop and validate an innovative
lifting and rectification method to mitigate subgrade
settlement and track deviation in double-block ballastless

tracks used in high-speed railways. By integrating finite
element modeling, mechanical lifting, horizontal correction,
and chemical grouting, the research optimizes key
construction parameters to enhance correction efficiency
while minimizing structural impact. The findings provide a
valuable reference for similar double-block ballastless track
structure lifting and correction projects in roadbed sections.

2. Overall construction solution

Given the key challenges of the project and the need to
minimize damage to the track structure, an integrated
technical solution combining mechanical lifting and
chemical grouting for double-block ballastless track was
proposed and implemented in three stages:

The first stage primarily involves re-surveying the
alignment and padding of the operation area, reinforcing the
track slab in the correction zone with rebar, removing the
sealing layer between the lines and shoulder side,
excavating the lifting groove, and pouring horizontal
reaction and limit piers.

The second stage primarily includes mechanical lifting
of the track structure, horizontal correction, limit locking,
and grouting to fill gaps. The correction and dissociation
interface lies between the supporting layer and the graded
crushed stone of the subgrade.

The third stage primarily involves chemical grouting
and lifting of the settlement area, backfilling with graded
crushed stone, re-casting the sealing layer, restoring
caulking, and fine-tuning the track.

3. Numerical analysis of track deviation correction

The deviation correction length for this project is 21 m,
with a maximum deviation of 8 mm, making it suitable for
multi-point horizontal thrust correction.

According to the construction plan in Section 2, the
horizontal deviation correction of the track structure in this
project is performed using mechanical jacking. It is
essential to calculate and estimate the required jacking force
and the horizontal spacing of the jacks prior to construction.
Based on practical experience, completing horizontal
jacking without dissociation of the high closed layer
between lines is challenging, and the dissociation length
directly affects the construction time. Consequently, these
parameters must be estimated in advance to ensure efficient
project execution.
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Fig. 1 Deviation correction calculation model diagram

Therefore a finite element refined static analysis
numerical model is employed to conduct a regularity study,
primarily aimed at determining the aboved three key
construction parameters:

1) Maximum horizontal deviation correction thrust;

2) Horizontal jack arrangement spacing;

3) Dissociation length of the high closed layer between
lines.

Using the numerical model, the influence of various
construction parameters on the correction results was
analyzed, and the optimal parameters were identified.

3.1 Computational model and material parameters

Finite element software was employed for numerical
analysis. The rails, track plates, and support layers were
simulated using elastic materials, while the subgrade was
modeled using Mohr-Coulomb material. The selection of
parameters for this material has been verified by scholars
and accurately reflects the stress and deformation
characteristics (Scheweiger et al. 2004, Nguyen et al. 2023,
Song et al. 2024). The calculation parameters for the model
presented in this paper are provided in Table 1.

The friction coefficient between the supporting layer
and the roadbed significantly impacts the magnitude of the
jacking force applied for correction (Ngamkhanong et al.
2021, Nobakht et al. 2022). Based on previous studies, this
research assumed a friction coefficient of 0.5, which is
consistent with engineering scenarios where the coefficient
decreases due to jacking.

Based on the correction length of 21 m and the track
size, a calculation model was established with dimensions
of 56 m x12.4 m x5 m (lengthxwidthxheight), shown in
Fig. 1.

The center spacing between the upper and lower tracks
is approximately 5 m. The track slab is 2.8 m wide and 0.24
m thick, the supporting layer is 3.4 m wide and 0.3 m thick,
with a gravel subgrade at the base. Both the structure and
subgrade are represented as solid hexahedral 3D units,
comprising a total of 22,600 model units. Model boundary
conditions are as follows: the bottom limits displacement in
the X, Y, and Z directions; the ends limit normal
displacement perpendicular to the free surface; and the
upper part is modeled as a free surface.
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Fig. 2 Model status and horizontal displacement cloud

diagram at each calculation step
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Fig. 2 Continued-

3.2 Computational model Correction calculation steps

The correction length of the upward line is 21 m, and
horizontal jacks with a spacing of 3 m are used to configure
the supporting layer for correction. The sealing layer within
the 21 m correction range, located between the upward and
downward lines, is separated to facilitate gradual horizontal
correction. The simulation steps for the calculation model
are as follows,shown in Fig. 2:

1) Establish the overall self-stress balance of the model;

2) Apply forced displacement to simulate the existing
offset;

3) Deactivate the inter-line supporting layer grid to
simulate separation and apply concentrated force to model
thrust correction;

4) Terminate the jacking process, allowing the structure
to return to normal functionality.

The calculated deformation of the upward line indicates
that track correction can be effectively achieved using the
multi-point horizontal thrust method shown in Fig. 3. This
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Fig. 3 Deformation diagram for each calculation step

Table 2 Calculation analysis table

Case No. Jack spacing dissociation length
(m) (m)
A 3 21
B 3 31
C 3 41
D 5 21
E 5 31
F 5 41

approach demonstrates a strong correction effect, with
minimal recovery rebound after correction, ensuring no
significant impact on the overall correction results.

3.3 Analysis of construction parameter selection

To ensure effective construction, it is essential to
determine the appropriate horizontal thrust arrangement
spacing, jack spacing, and dissociation length of the high-
sealing layer between the lines, as well as to identify the
maximum horizontal thrust. The correction results are
comprehensively evaluated by calculating jack spacings of
3 m and 5 m and total dissociation lengths of L=21 m, L+2
x5 m=31 m, and L+2x10 m=41 m. Differences in the

jacking force and structural stress required to achieve the
same correction effect under various construction
parameters are compared and analyzed. The parameter
combinations required for this study are calculated
according to the A-F numbers, and the combinations are
shown in Table 2.

The calculation and analysis table is as follows:

When the jack spacing is 3 m, seven jacks are arranged
within the 21 m correction range. When the jack spacing is
5 m, five jacks are arranged within the same correction
range. The arrangement of the jacks is illustrated in Fig. 4.

The statistical results, as shown in the following Table 3
and Fig. 5, indicate that when the jack spacing increases
from 3 m to 5 meters, the jacking force at each point
increases by 20% to 32% on average to achieve the same
correction effect. When the jack spacing remains constant,
increasing the dissociation length from 21 m to 31 m
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Fig. 5 Jacking force distribution of different construction
parameters

Table 3 Jacking force distribution table unit(kN)

The jack
serial A B C D E F

number
1 60 40 20 100 90 70
2 100 80 60 250 200 170
3 200 150 120 450 380 320
4 300 250 220 250 200 170
5 200 150 120 100 90 70
6 100 80 60
7 60 40 20

reduces the jacking force per point by approximately 20%
on average. Further increasing the dissociation length from
31 m to 41 m results in an average jacking force reduction
of approximately 21% per point.

When the dissociation length is 21 m, the maximum
effective stress in the X-axis direction of the supporting
layer reaches 1.32 MPa. For a dissociation length of 31 m,
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Fig. 6 Effective stress cloud diagram in the X-axis
direction at different dissociation length

this value decreases to 1.10 MPa, and for 41 m, it further
decreases to 0.97 MPa shown in Fig. 6. These results
indicate that a longer dissociation length is more beneficial
for protecting the track structure during deviation
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Fig. 7 Track stress cloud diagram in X-axis direction with
different jack spacing

correction. However, separation construction during the
limited skylight period requires significant manpower and
time, reducing overall efficiency. Therefore, a dissociation
length of 31 m is selected as the optimal configuration.

When the dissociation length is 31 m, the maximum
force on the track in the X-axis direction is 156.6 kN for a
jack spacing of 3 m and 218.3 kN for a jack spacing of 5 m
shown in Fig. 7. This demonstrates that a jack spacing of 3
m not only reduces the jacking force and minimizes
disturbance to the supporting layer but also decreases
uneven force on the track. Therefore, a jack spacing of 3 m
is the most suitable configuration.

In summary, with a maximum correction amount of 8
mm and a correction length of 21 m, increasing the jack
spacing from 3 m to 5 m results in a 20% to 32% average
increase in the jacking force required at each point to
achieve the same correction effect. For every 5 m increase
in the separation length on both sides of the correction
range, the jacking force at each point decreases by
approximately 20% on average. Considering structural
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Fig. 8 Step-by-step correction process linear horizontal
curve
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Fig. 9 Effective stress cloud diagram in the X-axis
direction of the supporting layer during correction

stress and construction efficiency, the construction
parameters are defined as follows:

1) A correction amount of <8 mm corresponds to a
thrust of <300 kN, which is manageable by conventional
jack equipment;

2) The optimal spacing for horizontal correction jacks is
3m;

3) The ideal separation length on both sides of the
correction range is 5 m.

3.4 Simulated construction effect

A finite element model reflecting the actual horizontal
deviation of the project was developed. Seven jacks were
arranged on the correction side, with a jack spacing of 3 m.
A separation length of 5 m was added to each side, in
addition to the correction length, resulting in a total
separation length of 31 m.

As shown in Fig. 8 below, the correction was performed
in four steps according to the actual working conditions,
with the correction amount not exceeding 3 mm at each
step. The target line shape was gradually restored.

The jacks were arranged as depicted in Fig. 4(a) above.
The thrusts applied by jacks No.1 through No.7 were 250
kN, 300 kN, 250 kN, 150 kN, 100 kN, 50 kN, and 0 kN,
respectively. During the correction, the maximum effective
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Fig. 11 Lifting and rectifying construction process of
ballastless track structure

stress in the X-axis direction of the supporting layer was
0.78 MPa, while the maximum tensile stress was 0.16 MPa,
both of which met the structural bearing requirements, as
shown in Figs. 9 and 10. The correction process will not
cause cracking or crushing of the ballastless track concrete.

4. Construction technology

4.1 Construction process

Based on the three key construction parameters derived
from the simulation calculations in Chapter 3, construction

tests were carried out. The optimized construction process
and key procedures are illustrated in Fig. 11.

4.2 Construction quality control of key process

4.2.1 Implant reinforcement

The interface of rectification and dissociation lies
between the supporting layer and the gravel subgrade. Steel
bars are embedded to connect the track slab and supporting
layer, ensuring the displacement synchronization of the
track structure during the lifting and rectification process.
After drilling, the hole should be thoroughly cleaned and
dried, and then injected with reinforcement adhesive,
starting from the bottom of the hole up to 2/5 of its depth.
During reinforcement installation, the bars should be rotated
slowly.

4.2.2 Chiseling sealing layer& Excavation of lifting
groove

Based on the simulation results in Chapter 3, the
sealing layer to be chiseled extends 5 m from both ends of
the rectification area, with a total length of 31 m. In the
rectification area, lifting grooves are positioned at 3 m
intervals along the supporting layer on both sides of the
track. Six lifting grooves are placed in the rectification area,
with a total of 12 grooves prepared for mechanical lifting.
The lifting groove depth is 40 cm below the supporting
layer. In the longitudinal direction, the groove measures 80
cm in length and 140 cm in width. Upon completion of the
lifting groove excavation, the bottom is leveled and
hardened with concrete to prepare for jack placement.

4.2.3 Anti-force pier& position limit pier pouring

Based on the simulation results in Chapter 3 and
construction tests, the spacing of the anti-force pier and
position limit pier is 3 m along the track. The section
dimensions of the anti-force pier are 1.2 m by 1.2 m, with a
pier height of 0.4 m. The position limit pier is a structural
element that does not provide corrective reaction force, with
section dimensions of 0.8 m by 0.6 m and a pier height of
0.4 m.

4.2.4 Mechanical Lifting and rectifying

The lifting jack is installed in the lifting groove during
the lifting and rectification process. A steel plate, a
tetrafluoroethylene plate (serving as a sliding layer), the
lifting jack, and another steel plate are placed in the lifting
groove from top to bottom. Once the jack is fully
positioned, the lateral constraints of the track are released.
All jacks are then lifted synchronously by 10 mm to 15 mm
to separate the track structure from the graded gravel
beneath the supporting layer. Displacement sensors are
installed next to each jack to monitor the lifting amount in
real time. A horizontal correction jack (300 kN) and a dial
gauge (with 3 m spacing) are placed between each lifting
groove to monitor the correction amount in real time.
Horizontal jacking is primarily controlled by displacement,
with jacking force control as a secondary measure. Pushing
at each point stops when the displacement reaches the target
value. A total station is used to recheck the horizontal
displacement of monitoring points, which are spaced 3
meters apart, once the displacement of all jacking points has
reached the target value. The track structure will rebound
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After the lifting and rectification stage is completed, the
slab should be temporarily restrained. Polymer material is
then used for grouting to temporarily fill the rectification
area, ensuring that the interface voids are densely filled. To
prepare for chemical grouting uplift, a tetrafluoroethylene
plate is installed between the position limit pier and the side
of the supporting layer.

4.2.6 Chemical grouting uplift

The chemical grouting uplift technique for ballastless
track involves injecting high polymer material into the
graded gravel layer on the subgrade surface via drilled
holes. The grouting pressure and expansion force of the
high polymer material are used to lift the ballastless track
structure, thereby restoring the line regularity. Grouting
lifting holes are arranged along the centerline of the slab
and supporting layers on both sides, with a spacing of 1.2
m. The drilling depth extends through the subgrade surface
layer. The working unit is divided based on the length of the
affected area and the available maintenance window. The
single lifting amount does not exceed 10 mm, with an
electronic level and total station used to monitor both
elevation and midline levels. The spacing between elevation
monitoring points is 1.2 m, and the prism spacing for
midline level monitoring points is 3 m. After lifting is
completed, areas with a lifting amount of less than 10 mm
are filled with chemical grouting material that has good
fluidity and permeability to seal the gaps under the track

Time (h)

(b) vertical waveform

Fig. 15 Track dynamic displacement waveform

structure. Areas where the lifting amount exceeds 10 mm
are filled with polymer mortar.

5. Implementation evaluation
5.1 Track alignment

After the disease area has been lifted and rectified, the
alignment of the ballastless track is presented in Figs. 13
and 14. The maximum lifting amount is 39.5 mm, and the
maximum deviation correction is 4 mm. Track smoothness
has been significantly improved, and the objective of
removing non-standard gaskets has been largely achieved.
The static geometric dimensions of the track meet the
required specifications. However, due to the short length of
the rectification area and the rigidity of the concrete,
horizontal offsets remain in some sections.

5.2 Track inspection data

According to data from the dynamic inspection vehicle
shown in Fig. 16, the peak-to-valley value, horizontal
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Fig. 16 Measurement results of dynamic inspection vehicle before and after construction

displacement, triangular pit, and vertical acceleration
decreased by more than 60% after the lifting and
rectification of the disease area. This indicates that the
overall rectification scheme effectively addresses the
subgrade settlement and track deviation issues.

5.3 Dynamic response

Wireless Linear Variable Displacement Transducer
(LVDT) technology is used to monitor the real-time
displacement of the track structure. The monitoring results
in Fig. 16 show that, when the train passes, the lateral
displacement of the track remains below 0.2 mm, and the
vertical displacement stays below 0.3 mm. This
demonstrates that the track structure remains stable and
meets the safety requirements for train operation.

6. Conclusions

The purpose of this study is to develop and validate an
innovative approach for addressing subgrade settlement and
track deviation issues in high-speed railway double-block
ballastless tracks. This approach integrates finite element
modeling, mechanical lifting, horizontal correction, and
chemical grouting technology to optimize construction
parameters and restore track alignment, all while
minimizing structural impact.

1. Optimization of Construction Parameters

The dissociation length of the sealing layer between the
lines and jack spacing significantly impacts the safety,
quality, and efficiency of the overall construction.
Simulation results determined that a jack spacing of 3 m
and a dissociation length of 31 m effectively reduced
jacking force while maintaining track integrity. Increasing
the jack spacing beyond 3 m resulted in a 20%-32%
increase in jacking force, whereas extending the
dissociation length reduced the force per point by
approximately 20%.

2. Effectiveness of the Comprehensive Construction
Method

Numerical analysis confirmed that multi-point horizontal
thrust correction efficiently restored track alignment with
minimal rebound effects. The correction process did not
induce  structural cracking or excessive  stress
concentrations, ensuring the long-term stability of the track.
The engineering case demonstrates that the lifting and
rectifying technology for double-block ballastless track
structures can resolve subgrade settlement and line
deviation issues within the skylight maintenance window.

3. Structural Stability and Long-Term Performance

Post-construction assessments demonstrated a maximum
lift of 39.5 mm and a maximum deviation correction of 4
mm, leading to substantial improvements in track
smoothness. Dynamic inspection data indicated a >60%
reduction in peak-to-valley values, horizontal displacement,
and vertical acceleration, confirming compliance with
operational safety standards. Wireless Linear Variable
Displacement Transducer (LVDT) monitoring verified that
lateral and vertical displacements remained below 0.2 mm
and 0.3 mm, respectively, under train loading, indicating
high structural stability. These results confirm that the
applied rectification method effectively maintains track
performance over time.

This method provides a reliable solution for railway
maintenance, enhancing track durability while the
minimizing operational disruptions. The research offers
valuable insights for future applications in high-speed
railway infrastructure maintenance and repair.
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