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During the running of a high-speed train, the wheel may bounce on the rail due to the track irregularity. (e wheel bounce could
generate a vertical impact, leading to the initiation and expansion of delamination between layers of the track structure. In this paper,
the evolution of the interfacial damage and delamination subjected to the vertical impact is simulated using finite element analysis
(FEA). In the FEA, a bilinear cohesive zone model (CZM) is adopted to simulate the interface between the track slab and the CA
mortar layer. For different levels of impact energy, the contact force, vertical deformation, absorbed energy, area of interfacial
damage, and area of delamination are calculated and compared. (e effects of the tangential and normal stiffness of the interface on
the distribution of interfacial damage and delamination are investigated.(e results show that the contact force, vertical deformation,
absorbed energy, area of interfacial damage, and area of delamination increase with the increase of the impact energy. (e area of
interfacial damage in the compression stage is closely related to the tangential stiffness, whereas the area of delamination depends on
the normal stiffness.(e normal stiffness that gives the largest area of delamination is recommended to be taken as the lower bound of
the normal stiffness for both controlling the delamination and preventing an exceedance of the track irregularity limit.

1. Introduction

(e slab ballastless track structure of China Railway Track
System type II (CRTS II SBTS) is a longitudinal continuous
layered structure that consists of the track slab, the cement
asphalt (CA) mortar layer, and the concrete base, as illus-
trated in Figure 1. It is specially used for high-speed railway
(HSR) because it can provide high rail smoothness and
ensure high comfort, stability, and safety of high-speed train.
CRTS II SBTS is widely used in northern and eastern China.
It was firstly applied in the Beijing-Tianjin HSR in 2008 and
then utilized in the Beijing-Shanghai HSR in 2011. Up to
now, the total mileage of CRTS II SBT application is over
9,000 km, about 26% of the total mileage of China HSR.

Delamination of CRTS II SBTS refers to the phenom-
enon that the track slab separates from the CA mortar layer
or the CA mortar layer separates from the concrete base. It

can cause the buckling of CRTS II SBTS at the joint of two
track slabs and endanger the operation safety of high-speed
train [1, 2]. A large amount of delamination has been found
in the Beijing-Shanghai HSR, many of which exceed the
height limit of 15mm required by the “Maintenance Rules
for Ballastless Track of High Speed Railway” in China [3].
For instance, Figure 2 shows one delamination observed in
the Beijing-Shanghai HSR in 2018, approximately 2000mm
long, 560mm wide, and 2mm high. Delamination may
occur in different stages of the construction and operation of
CRTS II SBTS. In the construction stage, delamination may
occur between the track slab and the CA mortar layer when
the temperature difference between the top and bottom
surface of the track slab is larger than 20°C and will grow
under the combined action of the overall temperature rise of
the top surface of track slab and the vertical temperature
difference within the track structure [4–6]. In the operation
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stage with trains running on the rail, delamination may
expand rapidly under the additional impact load from train
passage [6, 7].

During the running of a high-speed train, the wheel may
roll, slide, or bounce on the rail. (e bounce of the wheel
happens when the wheel passes the top of an irregularity
region at a high speed, as illustrated in Figure 3. At the
moment when the wheel falls on the rail, the wheel will
generate a vertical impact force on the rail which is instantly
transmitted into the substructure via the track. (is impact
load is very different from the load in terms of track ir-
regularity spectrum that is commonly used in the dynamic
response analysis of the vehicle-track system [8, 9]. How-
ever, the track irregularity spectrum is rather correlated to
the high-frequency vibration of the rail which has a limited
effect on the substructure. (e interfacial damage may be
more closely correlated to the vertical impact on the track
slab directly from the wheel bounce than to the track ir-
regularity spectrum. (ere is very little research addressing
the impact force caused by wheel bounce and even less on
the response and damage of the track slab under the impact
force. (e impact-induced damage is more concerned in the
field of aerospace composite materials [10–13] and explosion
mechanics [14, 15]. In the existing studies of the impact-
induced damage, the damage is usually evaluated from the
energy point of view, by studying the mutual transmission of

potential and kinetic energy. Similarly, the impact energy
caused by the wheel vertical impact consists of kinetic energy
related to the falling speed and potential energy due to the
height difference between the wheel and the track. Although
the impact velocity of the wheel is much slower than that in
the field of aerospace and explosion, it is still worth inter-
preting the input load from the energy point of view to
investigate the generation and evolution of delamination.
(e wheel impact energy and the energy transmitted into the
track slab, however, cannot be evaluated by the commonly
used track irregularity spectrum.

On the other hand, CRTS II SBTS is a composite
“sandwich” structure that contains steel bar, CAmortar, and
concrete which is composed of aggregate, cement, and
mineral powder. (erefore, the study of the delamination of
CRTS II SBTS under the wheel impact is essentially a
problem of the interfacial damage within composite material
under vertical impact. In the field of railway track, there are
very few studies addressing the damage from the vertical
wheel impact and on determining a reasonable range of the
impact energy for the wheel bounce. Kaewunruen et al.
consider that the vertical loading from the wheel impact with
a speed of 1.94m/s can be equivalent to that caused by a 600-
kg-weight mass dropping from a height of 0.2m [16]. Wu
et al. investigate the relationship between the damage of a
concrete slab and the explosion load by changing the
magnitude of explosion, the explosion location, and the
thickness of the concrete slab [17]. Yilmaz et al. investigate
the damage of a concrete slab caused by a hammer dropping
from different heights [18]. (ey found that the greater the
impact energy, the greater the maximum acceleration,
maximum displacement, and area of interfacial damage. In
the field of aerospace, the damage under impact is usually
analyzed using a three-dimensional progressive damage
analysis method that considers damage evolution and
stiffness degradation [19–21]. In the method, the interface of
composites is generally simulated using cohesive elements
[22, 23], and the generation and development of the damage
are described by the variation of the total stiffness of the
cohesive elements. In this paper, the 3D progressive damage
analysis method is adopted to simulate the damage evolution
of CRTS II STBS.(e interface of CRTS II STBS is simulated
by cohesive elements with the parameters obtained from
scale model push plate tests. (e effects of the impact energy
and interfacial bond property on the simulated interfacial
damage and delamination are analyzed.

2. Analysis Model of CRTS II SBTS under
Vertical Impact

(e response of CRTS II SBTS under the vertical impact is
simulated using ABAQUS. Considering that the delami-
nation of CRTS II SBTS under the wheel impact is essentially
the interfacial damage within composite material under the
vertical impact, the finite element model includes three
parts: a layered model of CRTS II SBTS, a cohesive zone
model (CZM) that simulates the interface, and a puncher
that carries all the impact energy from the vehicle. (e
impact energy applied on the layered model is estimated
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Figure 1: Sketch of CRTS II SBTS.
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Figure 2: Example of delamination of CRTS II SBTS from the on-
site survey of the Beijing-Shanghai HSR.
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based on the mass, velocity, and initial height of the puncher.
Figure 4 shows the puncher and the layered model of the
CRTS II SBTS inserted with a layer of cohesive elements.

2.1. Layered Model of CRTS II SBTS and Puncher. (e
geometrical and mechanic parameters of the layered model
of CRTS II SBTS are listed in Table 1 according to [6]. (e
length, width, and thickness of the layered model are set to
be the same as a real unit track slab. A layer of cohesive
elements with a thickness of 10−3m is set between the CA
mortar layer and the track slab since the delamination is
most likely to occur on the upper surface of the CA mortar
layer [8]. (e track slab, CA mortar layer, and concrete base
are built using solid elements. For all nodes at the bottom
and longitudinal boundary of the layered model, the con-
straint is applied to all six degrees of freedom. (e contact
between the puncher and the track slab as well as the contact
between the track slab and the CA mortar is set to be hard
contact in the normal direction and friction in the tangential
direction with the penalty friction coefficient of 0.3. (e
other contacts are set to be tie.

As illustrated in Figure 3, the ratio of the vertical velocity
to the horizontal velocity can be assumed to be equal to the
ratio of the amplitude to the half of the wavelength of the
irregularity. (erefore, the impact energy that the puncher
carries includes two parts: the potential energy related to the
amplitude of the irregularity and the kinetic energy related
to the initial vertical velocity. For the train CRH380A, the
weight on one wheel is 6400 kg including the weight of the
car body, two bogies, and four wheelsets. According to the
level I management value in “Maintenance Rules for Bal-
lastless Track of High Speed Railway” [3], the amplitude of
irregularity is taken to be 4mm and the wavelength is 30m
[24]. With a speed of 300 km/h, the total energy of the wheel
at the instant of bounce will be 257.5 J. (erefore, the upper
limit of the impact energy in the finite element analysis
(FEA) is set to be 300 J. Another six levels of impact energy,
20 J, 50 J, 100 J, 150 J, 200 J, and 250 J, are also considered in
the FEA to evaluate the effect of the impact energy. (e
variation of the impact energy is achieved by changing the
initial vertical velocity of the puncher which is a 1000-kg-
weight ball with a diameter of 0.1m that drops from a fixed
height.

2.2. Cohesive Zone Model (CZM). A bilinear CZM is
employed to characterize the force-displacement relation-
ship during the process from interfacial damage initiation to
delamination, as shown in Figure 5.

Assuming that σn, σt, and σs are the interfacial stresses in
normal and two tangential directions, respectively, σ0n, σ0t ,

and σ0s are the corresponding interfacial strength. For a
tangentially isotropic interface, σt � σs and σ0t � σ0s .
According to the bilinear CZM, the force-displacement
curve increases linearly during loading, with the slope of the
stiffness En andEs for normal and tangential direction, re-
spectively. When the force-displacement curve reaches the
peak, the interfacial damage initiates, which can be quan-
titatively judged by the Quads criterion:
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where σn � (σn + |σn|)/2.(e stress for the damage initiation
is the interfacial strength, σ0n and σ0s , for the normal and
tangential direction, respectively, while the corresponding
displacement is δ0n and δ0s , respectively. (erefore,
En � σ0n/δ

0
n andEs � σ0s /δ

0
s .

According to the bilinear CZM, the softening evolution
after damage initiation is also linear. (us the stress after
damage occurs can be given by

σn � (1 − D)Enδn,

σs � (1 − D)Esδs,
 (2)

where δn and δs are the displacements and D represents the
overall damage in the CZM, which is zero initially and then
gradually evolves from 0 to 1 upon further loading:

D �
δf

m δm − δ0m 

δm δf
m − δ0m 

, (3)

where m � n for the normal direction and m � t or m � s for
the longitudinal or transverse tangential direction. When D

equals 1, delamination occurs. Assuming δf
n , δf

s are the
normal and tangential displacement for the moment of
delamination occurrence, respectively, the corresponding
fracture toughness, GIC and GIIC, can be measured by the
triangle area in Figure 5, GIC � 1/2σ0n δ

f
n orGIIC � 1/2σ0s δ

f
s .

(e delamination initiation can be evaluated by fracture
toughness. It can be judged that the delamination occurs if
the fracture toughness follows the equation below:
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� 1. (4)

(e parameters of the CZM are determined by model
tests in which normal cohesive parameters are determined
from the vertical push plate test, and tangential cohesive
parameters are determined from the horizontal push plate
test. (e specimen of the CRTS II SBTS has the length,
width, and height of 60 cm× 20 cm× 20 cm, bonded on the
base via the CA mortar layer with the height of 3 cm. (e
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Figure 3: Diagram for the wheel running through the irregularity region.
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mechanic parameters of the concrete for the track slab and
base are the same as listed in Table 1. (e specimens were
tested 28 days after the CA grouted. (e setup of the vertical
push plate test is shown in Figure 6. (e track slab is lifted
vertically with the load applied at the midpoint of the track
slab. Two dial gauges are placed 20 cm away from the
midpoint at each side. (e setup of the horizontal push plate

test is shown in Figure 7. In the test, the load is horizontally
applied at the center of one end cross-section, and two dial
gauges are arranged horizontally at both of the two ends of
the specimen. (e relative displacement between the track
slab and the base was tested using a linear variable differ-
ential transformer (LVDT). (e jacks work synchronously
by an automation control system to provide a constant-rate
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Figure 4: Dimension of the analysis model (a) and the thickness for each layer (b).

Table 1: Geometrical and mechanic parameters of the layered model of CRTS II SBTS.

Layers Density (kg/m3) E (MPa) Length (m) Width (m) (ickness (m)
Track slab 2500 36000 6.45 2.55 0.2
CA mortar layer 1950 10000 6.45 2.55 0.03
Concrete base 2400 22000 6.45 3.25 0.3
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Figure 5: (e bilinear stress-displacement relationship for the CZM.
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increased load. (e force-displacement curves obtained
from the vertical and horizontal push plate test are plotted in
Figures 8 and 9, respectively. σ0n and σ0s can be determined by
the peak stress of the vertical and horizontal force-dis-
placement curve, respectively. δ0n and δ0s are then identified
corresponding to σ0n and σ0s , respectively. Afterward, En and
Es can be calculated using En � σ0n/δ

0
n and Es � σ0s /δ

0
s . δ

f
n and

δf
s are visually picked as the displacement after which the
fluctuation in the force-displacement curve is slight. Based
on δf

n and δf
s , GIC and GIIC can be calculated using

GIC � 1/2σ0nδ
f
n orGIIC � 1/2σ0sδ

f
s . (e determined cohesive

parameters are indicated in Figures 8 and 9 and listed in
Table 2.

3. Simulation Results

3.1. Contact Force. (e contact force for different impact
energies is shown in Figure 10. For each curve in Figure 10,
the ascending part represents the compression stage in
which the puncher presses down the track slab, whereas the
descending part describes the rebound stage in which the
puncher begins to rebound. (e contact force reaches the
peak value at approximately 2×10−3 s regardless of the
impact energy. (e maximum contact force versus the
impact energy and the contact time versus the impact energy

are shown in Figure 11. As seen from Figure 11, the max-
imum contact force varies linearly with the impact energy.
(e contact time for the impact energy of 20 J is slightly
larger than that for other impact energies. After the impact
energy exceeds 150 J, the contact time is not sensitive to the
level of the impact energy.

3.2. Vertical deformation of the Track Slab. As shown in
Figure 4, one of the two long sides of the track slab, which is
closer to the puncher, is chosen for the illustration of the
vertical deformation. Figure 12 shows the vertical defor-
mation of the selected side for the moment when the impact
point achieves the maximum deformation in the com-
pression stage. As seen from Figure 12, most of the slab
shows a downward compression deformation. When the
impact energy is larger than 50 J, there will be an upward
deformation at both sides of the track slab due to the
constraint applied at the end of the track slab.(emaximum
vertical deformation at the impact point increases with the
impact energy, from 0.2mm for the impact energy of 20 J to
0.65mm for the impact energy of 300 J. Figure 13 shows the
vertical deformation of the selected side of the track slab at
the moment when the impact point achieves the maximum
deformation in the rebound stage. As seen from Figure 13,
most of the slab shows an upward tensile deformation.

Figure 7: Setup of the scale horizontal push plate test.
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When the impact energy is lower than 100 J, there will be a
downward deformation at both sides of the track slab due to
the constrain applied at the end of the track slab. (e
maximum vertical deformation at the impact point increases
with the impact energy, from 0.1mm for the impact energy
of 20 J to 1.1mm for the impact energy of 300 J.

(e ratio of themaximum rebound deformation (crest in
Figure 13) and the maximum compression deformation
(trough in Figure 12) for different impact energies are
calculated, as shown in Figure 14. As seen from Figure 14,
the ratio of the deformation increases as the impact energy
increases. When the impact energy is less than approxi-
mately 130 J, the maximum rebound deformation is smaller

than the maximum compression deformation. For the im-
pact energy of 300 J, the maximum rebound deformation is
almost 1.7 times the maximum compression deformation of
0.65mm. For the impact energy of 20 J, the maximum re-
bound deformation is 0.11mm which exceeds δ0n of
0.057mm in Table 2. It indicates that the interfacial damage
will initiate even if the impact energy is 20 J. (e maximum
rebound deformation for the impact energy of 150 J is
0.51mm, which exceeds δf

n of 0.5mm in Table 2. (is

Table 2: Parameters of the cohesive zone model.

Value σ0 (MPa) δ0 (mm) E (MPa·mm−1) G (mJ·mm−2) δf (mm)
Normal direction 0.040 0.057 0.7 0.010 0.5
Tangential direction 0.038 0.038 1.0 0.020 1.05
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indicates that delamination will occur for the impact energy
of 150 J.

3.3. Conversion of Energy. (e conversion of the energy in
the system that consists of the puncher and the layered
model is investigated. Right before the puncher touches the
track slab, the energy of the whole system equals the kinetic
energy of the puncher. After the puncher impacts the track
slab, a portion of the kinetic energy converse into the in-
ternal energy of the layered track structure.(ere will also be
a portion of the energy that is absorbed due to the interfacial
damage and delamination.

Figure 15 shows the conversion between the kinetic
energy, internal energy, and absorbed energy for the impact
energy of 250 J. As seen from Figure 15, the kinetic energy
and the internal energy have an inverse trend of variation.
With greater kinetic energy comes smaller internal energy.
(e total energy of the whole system attenuates as time
grows, whereas the absorbed energy increases. To interpret
the whole progress of the impact, five moments are selected
and plotted in Figure 15 to divide the whole impact process
into several stages. Line I represents the moment when the
puncher touches the track slab; Line II represents the
moment when the track slab reaches the maximum com-
pression deformation; Line III represents the moment
when the track slab rebounds back to the equilibrium
position; Line IV represents the moment when the track
slab reaches the maximum tensile deformation; Line V
represents the moment when the track slab moves back to
the equilibrium position from the maximum tensile de-
formation. As seen from Figure 15, the internal energy
rapidly increases to the maxima in the stage between
moment I and II and then decreases to the trough in the
stage between moment II and III. Before moment III, the
absorbed energy slightly increases due to the small area and
the low amplitude of the interfacial shear damage. After
moment III, if the rebound displacement exceeds δ0n, the
tensile damage will occur. When the rebound displacement
exceeds δf

n , delamination will initiate. (e corresponding

absorbed energy increases significantly due to the rapid
expansion of the damage and delamination.

Figure 16 shows the distribution of the interfacial
damage and delamination at selected moments in terms of
SDEG calculated using equation (3). Figure 16(a) represents
moment II when damage occurs on the interface. (e
damage is mainly induced by the interfacial shear stress in
the compression stage. Figure 16(b) shows moment III when
the interfacial shear damage extends to the edge of the track
slab. Figure 16(c) shows the moment when the tensile
damage occurs in the rebound stage. Figure 16(d) illustrates
moment IV when the delamination area reaches the
maxima.

3.4. Interfacial damage andDelamination forDifferent Impact
Energies. (e area of the interfacial damage and the area of
the delamination for different impact energies are shown in
Figure 17. As seen from Figure 17, the two areas increase
with the increase of the impact energy. For the impact energy
of 300 J, the area of the interfacial damage is approximately
8m2, accounting for about 48.6% of the area of the track slab.
For the impact energy of 300 J, the area of the delamination
is approximately 2m2, accounting for about 12% of the area
of the track slab. Figure 17 also indicates that 150 J is the
critical impact energy for the delamination initiation. For a
train running at a speed of 300 km/h, impact energy of 150 J
can be achieved if the dynamic irregularity height of the rail
is 2mm. (erefore, in regular maintenance, more attention
should be paid to the railway line with the height of dynamic
irregularity greater than 2mm. Figure 18 shows the rela-
tionship between the impact energy and the maximum
absorbed energy, which corresponds to the value of the
platform of the absorbed energy in Figure 15. Figure 18
shows an apparent increase of the absorbed energy with the
increase of the impact energy. For the impact energy of 300 J,
the energy absorbed reaches about 40 J.
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3.5. Effect of Interfacial Stiffness on Interfacial Damage.
(e effect of the interfacial stiffness on the interfacial
damage is investigated. We first vary Es from 1.0MPa/mm
to 2.0MPa/mm for the fixed En of 0.7MPa/mm and Et of
0.7MPa/mm under the impact energy of 300 J. Figure 19
shows the distribution of the interfacial damage for Es of
1.0MPa/mm and 2.0MPa/mm. In Figure 19, the upper
and bottom two panels indicate the distribution of the
interfacial damage when the maximum vertical defor-
mation is achieved in the compression and rebound
stages, respectively. As seen from Figure 19, in the
compression stage, the greater Es leads to the larger area of
the interfacial damage. (e damage is asymmetric due to
the boundary effect along the transverse direction. (e

effect of Es on the delamination area (the blank area in the
figure) is slight.

We then vary Et from 1.0MPa/mm to 3.0MPa/mm for
the fixed En of 0.7MPa/mm and Es of 0.7MPa/mm under
the impact energy of 300 J. Figure 20 shows the distribution
of the interfacial damage for the Et of 1.0MPa/mm, 1.5MPa/
mm, and 3.0MPa/mm, respectively. As seen from Figure 20,
the damage is symmetrically distributed along the longi-
tudinal direction of the track slab. (e greater Et leads to the
larger area of interfacial damage in the compression stage.
(e effect of Et on the delamination area is slight.

Figure 21 shows the variation of the maximum area of
delamination with the tangential stiffness for various normal
stiffness under the impact energy of 300 J. As seen from
Figure 21, the maximum area of delamination is not sensitive
to the tangential stiffness when the normal stiffness is larger
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Figure 16: (e evolution of the interfacial damage and delamination for selected moments. (a) Moment II. (b) Moment III. (c) (e moment for
the initiation of the interfacial tensile damage. (d) Moment IV.
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than 0.5MPa/mm. (e area of delamination becomes the
largest when both the normal stiffness and tangential
stiffness are the smallest (0.2MPa/mm). As the tangential
stiffness increases from 0.2MPa/mm to 0.7MPa/mm, the
bond behavior of the interface enhances, and thus, the area
of delamination reduces rapidly. Figure 22 compares the
relationship between the maximum area of delamination
and Et for the impact energies of 200 J, 250 J, and 300 J,

respectively. Figure 22 shows that, for given impact energy,
the maximum area of delamination is not sensitive to the
longitudinal tangential stiffness.

Figure 23 shows the distribution of the interfacial damage
when the maximum compression deformation is achieved in
the compression stage and the distribution of the delamination
when the maximum tensile deformation is achieved in the
rebound stage for selected En under the impact energy of 300 J.
As seen from Figure 23, the distribution of the interfacial

(a) (b)

Figure 19: Distribution of the interfacial damage for the moment when the maximum vertical deformation is achieved for different Es. (e
upper and bottom two panels are for the compression stage and the rebound stage, respectively. (a) Es � 1.0MPa/mm. (b) Es � 2.0MPa/mm.

(a) (b) (c)

Figure 20: Distribution of the interfacial damage for the moment when the maximum vertical deformation is achieved for different Et. (e
upper and bottom two panels are for the compression stage and the rebound stage, respectively. (a) Et � 1.0MPa/mm. (b) Et � 1.5MPa/mm.
(c) Et � 3.0MPa/mm.
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damage in the compression stage is almost the same for all
cases except for En of 2.0MPa/mm, which indicates a very
slight effect of the normal stiffness on the interfacial damage in
the compression stage. As the normal stiffness increases, the
maximum area of delamination shows a trend of increasing
first and then decreasing. (is trend is more obvious in Fig-
ure 24 which shows the variation of the maximum area of
delamination with the normal stiffness for various tangential
stiffnesses under the impact energy of 300 J.

As seen from Figure 24, for almost all tangential stiff-
nesses, the delamination area achieves the maxima when the
normal stiffness is 0.5MPa/mm. Only when the tangential
stiffness is 0.2MPa/mm, the maximum area of delamination
will be achieved at a smaller normal stiffness. Figure 25
compares the maximum area of delamination versus the
normal stiffness for the impact energies of 200 J, 250 J, and
300 J, respectively. Figure 25 indicates that, for given impact
energy, the delamination area achieves the maxima when the
normal stiffness is 0.5MPa/mm.

Figures 26 and 27 show the maximum compression and
rebound deformation of the selected side of the track slab for
various normal stiffnesses under the impact energy of 300 J.
In the compression stage, the interface of the track structure
follows the continuity and uniformity assumptions of the
laminated plate theory. (e greater the normal stiffness of
the interface, the stronger the ability of deformation com-
patibility, and hence the smaller the maximum vertical
deformation, as shown in Figure 26. In the rebound stage, it
can also be observed that a greater normal stiffness gives a
smaller maximum vertical deformation except for En of
0.2MPa/mm.(e unexpected small vertical deformation for
the normal stiffness of 0.2 MPa/mm may be explained in
terms of the energy since the continuity and uniformity

assumptions are not valid due to the existence of the de-
lamination. As seen from Figure 26, the normal stiffness of
0.2MPa/mm leads to a remarkably larger vertical defor-
mation than other normal stiffness. (is larger deformation
will cause a larger consumption of the impact energy, which
hence leads to a smaller energy left for the puncher to re-
bound. (is is the reason why 0.2MPa/mm gives a lower
rebound deformation and a smaller area of delamination
than 0.5MPa/mm. However, it cannot be concluded that
0.2MPa/mm is more recommended than 0.5MPa/mm
because the larger compression deformation for 0.2MPa/
mm will be a big challenge to the track irregularity limit.

(a) (b)

(c) (d)

(e)

Figure 23: Distribution of the interfacial damage when themaximum vertical deformation is achieved for different En.(e left and right five panels
are for the compression stage and the rebound stage, respectively. (a) En� 0.2MPa/mm. (b) En� 0.5MPa/mm. (c) En� 1.0MPa/mm. (d)
En� 1.5MPa/mm. (e) En� 2.0MPa/mm.
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(erefore, it is reasonable to take 0.5MPa/mm as the lower
bound of the normal stiffness to meet the requirement of
both the delamination control and track irregularity limit.

4. Conclusions

(e evolution of the interfacial damage and delamination of
CRTS II SBTS under the vertical wheel impact are simulated.
Based on the simulation, the conversion of the energy during
the entire impact process, the variation of the impact force,
the vertical deformation of the track slab, the distribution of
the interfacial damage, and the distribution of the delami-
nation for different impact energies are analyzed. (e effects
of the normal and tangential stiffness on interfacial damage
and delamination are discussed.

(e main conclusions include

(1) (e maximum contact force between the puncher
and the track slab varies linearly with the impact
energy, whereas the contact time is not sensitive to
the level of the impact energy. (e ratio of the re-
bound deformation over compression deformation
also increases as the impact energy increases. (e
impact energy of 20 J and 150 J corresponds to the
energy for the interfacial damage initiation and the
delamination initiation, respectively. (erefore, for a
train running at a speed of 300 km/h, the dynamic
irregularity height of 2mm that leads to the impact
energy of 150 J should be more concerned.

(2) During the entire impact process, the kinetic energy
and the internal energy have an inverse trend of
variation. With greater kinetic energy comes smaller
internal energy. (e absorbed energy increases
rapidly along with the expansion of the damage and
delamination. (e greater the impact energy, the
larger the energy absorbed.

(3) (e interfacial damage in the compression stage is
more correlated to the tangential stiffness than the
normal stiffness, whereas the maximum area of
delamination is controlled by the normal stiffness.
(e greater the longitudinal tangential stiffness, the
greater the area and amplitude of the interfacial
damage in the compression stage. As the normal
stiffness increases, the maximum area of delamina-
tion shows a trend of increasing first and then de-
creasing. (ere is always a critical normal stiffness
that gives the largest area of delamination. (is
critical value depends on the geometrical and ma-
terial properties of the track structure. It is suggested
to find this critical normal stiffness for both con-
trolling the delamination and preventing an
exceedance of the track irregularity limit.

(is is the first trial to investigate the interfacial damage
and delamination by considering the wheel-rail contact as a
vertical impact. (e relationship between the impact re-
sponse and the impact energy is consistent with that of the
research for composite material [25]. It is a preliminary
attempt to interpret the generation of delamination of the

track structure from the energy point of view. (is paper
concentrates on a single time of impact to exhibit the energy
conversion and the evolution of the interfacial damage and
delamination. Future analysis could be conducted on the
cumulative damage of the interface under the cyclic wheel
impact. Field test would be a powerful tool to validate the
simulated result in this paper. However, due to the limits of
the experimental facilities and cost, there is still a lack of the
full-scale test regarding the interfacial damage of CRTS II
SBTS caused by the vertical wheel impact. (ere once was a
wheel-drop test of CRTS II SBTS, in which, however, only
the acceleration of the track slab was recorded [26]. (e
development of the interfacial damage was not observed due
to technical difficulty. Future work could also be conducted
on the full-scale or scale model test of CRTS II SBTS under
wheel impact so that the simulated result in this study could
be validated.
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