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Abstract 

The structural performance of derailment containment provision (DCP) was investigated using a grid steel frame. 
The DCP which was installed within the gauge of a track was capable of resisting the impact loading in the case 
of derailed wheels. It was also possible to control the excessive lateral movement of the derailed train. In this study, 
the structural performance of DCP with a post‑installed anchor to a railway concrete sleeper was evaluated. For this 
purpose, a total of nine specimens were manufactured and static tests were conducted to investigate the structural 
performance. Furthermore, the shear resistance of the connecting anchor was also evaluated using grid steel frame 
specimens. The initial test indicated that the developed DCP for railway using grid steel frames had sufficient load‑car‑
rying capacity and performance equivalent to about 150% of the design load. The developed DCP also demonstrated 
sufficient load‑carrying capacity up to about 140% of the designed load in combination tests that simulated conceiv‑
able boundary conditions. As analytical results, the overall DCP behavior for the specimen railway that utilized grid 
steel frames was appropriately tracked, and detailed information was presented.

Keywords Structural performance, Derailment containment provision, Derailed wheel, Grid steel frame, Shear 
resistance

1 Introduction
Since about 30  years ago, research on roads has been 
actively conducted to better understand the collision 
behaviors between cars and protection facilities, and to 
develop assessment methods for the design of vehicle 
protection facilities. However, the design concept for 
railroad car protection facilities has not been established. 
There is limited research on this subject, and there is no 
standard for assessing the performance of protection 
facilities against derailed trains.

Train derailments and collisions are disasters that 
occur infrequently but cause significant damage. How-
ever, accidents caused by train derailments are more 
common in nations with advanced railway technology, 
such as Europe, the United States, Canada, Japan, China, 
and South Korea (Ebrahimi et al., 2021; Wu et al., 2014, 
2016).

From 2012 to 2016, a total of 33 railway accidents 
occurred in South Korea. Derailment accidents have 
accounted for 78.8% of these incidents in a total of 26 
cases which suggests that they occur more often than 
other types of accidents. Derailment accidents can be 
fatal, and it is impossible to avoid them entirely owing to 
ineluctable factors such as human error and natural dis-
asters. As a result, relevant technologies must be devel-
oped to reduce the potential damage and injury caused 
by derailed trains (Bae et al., 2020).
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Derailment and collision tests on actual large-sized 
railroad vehicles have recently been conducted in South 
Korea to minimize the secondary damage caused by 
derailment by restraining or controlling derailed trains 
inside a designated area. However, a standard has not 
been defined for collision tests involving railway vehicles 
and structures. Thus, the impact load is determined in 
the design of the protection facilities by referring to the 
standards for vehicle collision tests of road safety facili-
ties (Kim et al., 2018, 2019).

When a train derails, the vehicles and track structure 
are primarily damaged, and significant secondary dam-
age occurs, such as the collision of the derailed train 
with an overbridge or high embankment (Lai et al., 2022; 
Zhu et al., 2020). Given that this damage is caused by the 
train’s excessive lateral deviation, secondary damage may 

be reduced if the lateral behavior is minimized after the 
train derails. Countermeasures are, therefore, required to 
limit the damage caused by derailed trains.

In Europe, three types of derailment containment 
provisions (DCPs) have been applied to minimize the 
spread of damage after a train derailment (see Fig.  1). 
Type 1 is a DCP installed inside the track gauge to col-
lide with the derailed wheel, similar to Korean guardrail 
for derailment prevention. Type 2 is a DCP installed 
outside the track gauge to collide with the derailed 
wheel, and type 3 is a DCP installed outside the track 
gauge to collide with the axles and bogies of derailed 
trains (Booz Allen Hamilton, 2004). However, the 
standards for the design load, installation location, and 
specification are not well-established or well-systema-
tized. There is a lack of validated data that can prove 

Fig. 1 Concept of derailment containment provisions (Bae et al., 2020): a Type 1 (Collision at wheel level), b Type 2 (Collision at wheel level) and c 
Type 3 (Collision at bogie level)
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the effectiveness and economic feasibility of the analy-
sis of the behavioral characteristics of derailed trains 
and the application of protection facilities (Bae et  al., 
2018; Brabie, 2007; Guo et  al., 2016; Lai et  al., 2021; 
Song et al., 2019).

Fig.  2 shows a newly developed DCP structure that 
uses wheel control to prevent lateral deviation of 
derailed trains (Cheon et  al., 2019; Kim et  al., 2018). 
When a train derails, the wheels are caught by the DCP 
located in the center of track, steered longitudinally 
along the DCP to prevent excessive lateral deviation 
of the train. Decreasing the lateral movement distance 
minimizes the impact energy that acts on the structure. 
This ensures efficiency and economic feasibility in the 
case of a single track since it can be constructed in a 
single structure, unlike the protection wall method that 
must be installed on both sides of the track gauge.

The developed DCP is a compacted plinth DCP type 1 
structure that can improve protection performance in the 
event of derailment at 300 km/h for a high-speed railway 
with a curve radius R = 3500 m. It can resist up to 114 kN 
and 165.6 kN of derailment impact loads on straight and 
curved lines, respectively, and an impact energy of 3.3 kJ. 
Furthermore, the developed DCP is a railway protection 
system that can facilitate high-quality rapid construction 
and derailment recovery within the track blocking time 
(3 h at night) as a rapid construction structure on operat-
ing lines. Based on previous studies, the load was calcu-
lated using the acceleration data for a mass. To compare 
and evaluate this result with the load cell, a drop test in 
which other influencing factors were excluded was per-
formed, as shown in Fig. 3 (Kim et al., 2019, 2020).

2  DCP for Railway Using a Grid Steel Frame
This study proposed the development of DCP that can be 
constantly fastened across the sleeper and the top surface 
of the sleeper in the form of a grid steel frame to control 
excessive deviation of a derailed train on a railroad track, 
as illustrated in Fig. 4.

The proposed construction method can prevent the 
wheels from derailing owing to lateral pressure while 
facilitating simple installation and removal of the lateral 
pressing device in the process of fixing and installing the 
grid steel frame on the railroad track using a fixture that 
includes an anchor bolt on the top surface of the sleeper. 
This threading process with chemical anchor is designed 
and validated to ensure that there is no damage to the 
structural capacity and integrity of the original sleepers.

As such, as shown in Fig. 4, the transverse frames are 
connected to the inner surfaces of both longitudinal 
frames to form a lattice shape. They are installed in the 
inner space formed between the inner surfaces of both 
longitudinal frames of the grid steel frame and the grid 
steel frame in which fixing holes are formed at both ends 
and the middle portions of the two longitudinal frames, 
respectively. This also includes a lateral pressing device 
that allows a pressing operation to introduce a lateral 
force to the grid steel frame fixed to the sleeper in the 
working space above it.

It is possible to prevent excessive lateral deviation 
of a derailed train by utilizing the DCP and the devel-
oped grid steel frame. Furthermore, the DCP is more 
stable and easier to remove, making it more effective to 
maintain.

3  Initial Test
3.1  Experimental Investigation
The lateral pressing device used in the process of fasten-
ing and installing the grid steel frame utilized fixtures 
that included anchor bolts on the top surface of the 
sleeper that may be readily installed in the DCP for a rail-
way using a grid steel frame. Furthermore, its structural 

Fig. 2 DCP(Derailment Containment Provision) conceptual diagram 
(Kim et al., 2018)

Fig. 3 Drop weight test (Kim et al., 2019, 2020)
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type can also prevent train wheels from derailing via lat-
eral pressurization.

It was critical to secure the connection between the 
sleeper and the grid steel frame in this type of structure. 
As a result, a static experiment was conducted to assess 
the structural integrity and load-carrying capacity of the 
DCP that was developed for the first time in Korea, and 
the grid steel frame coupling test body.

A full-scale partial test body, as illustrated in Fig. 5, was 
built to systematically assess the performance of DCP for 
railways using the grid steel frames. To simulate a full-
scale test, the initial test specimen was fabricated as a 
full-size partial specimen without utilizing a scale model, 
and it had the same boundary conditions as the full-scale 
model. The specimen’s design took into account practical 
constructability, and throughout the production process, 
the factors that were likely to cause construction errors 
were closely evaluated.

Three initial test specimens, S_DCP-1, S_DCP-2, and 
S_DCP-3, were fabricated using the same specifications 
for comparison and verification. The design compressive 
strength of the concrete sleeper was 50 MPa, the modu-
lus of elasticity of the grid steel frame and fixture steel 
was 210,000 MPa, and the yield strength of the grid steel 
frame and fixture steel was 355 MPa.

The impact load is conveyed to the sleeper via the 
anchor when a train derails and collides with a DCP. 

The M20 anchor was chosen based on the DCP struc-
tural thickness and the potential penetration depth 
when utilizing the grid steel frame. The depth of pen-
etration was determined to be 90 mm.

For the cross-section of the DCP, the height was set at 
125 mm, the grid steel frame at 100 mm, the fixed base 
plate at 20 mm, and the insulating rubber pad at 5 mm 
based on preliminary analysis using the KTX vehicle.

The initial test specimen for evaluating the structural 
performance of the DCP for a railway utilizing a grid 
steel frame is depicted in Fig. 5. As indicated in Fig. 6, 
a static loading test was performed. During the experi-
ment, a load plate was fabricated and utilized to test 
the specimen’s stability. An experiment was conducted 
by fabricating a steel loading jig to replicate the load 
exerted by the wheels of a train in contact with the 
DCP during derailment. The jig was built with sufficient 
stiffness to prevent deformation owing to the load by 
adhering to the DCP without achieving yield under the 
designed load. To transmit a uniform load to the speci-
men via the jig, a 15 mm rubber was inserted between 
the jig and the specimen throughout the experiment. 
Furthermore, the center of gravity of the plate and the 
center of the actuator were aligned to reduce the influ-
ence of eccentricity. The lifting of the DCP can produce 
stress in the anchor in the vertical direction. Hence, the 
utilization of a carefully constructed bracket can reduce 
the lifting of the specimen and the consequent stress.

Fig. 4 Proposed derailment containment provision for railway using a grid steel frame (Top view and side view)
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A 500 kN actuator with a maximum stroke of 250 mm 
was used for the loading test. The displacement con-
trol was applied at the same pace that speed was 1 mm/
min. As shown in Fig.  7, the load–strain relationship 
was generated based on the measured load–displace-
ment relationship, and a strain gauge (S1-B, S2-B) and 
LVDT (L1-B_H, L2-B_H) were mounted to the specimen. 
The maximum load and displacement delivered to the 

original test specimen were measured when a static load 
was applied until the DCP failed. Furthermore, crack 
propagation was analyzed according to the loading stage 
to determine the failure mechanism of each specimen.

The load–displacement curves for the initial test 
specimen are shown in Fig. 8a and b. The experimental 
value of S_DCP-1 was 238.3 kN, which demonstrated 
sufficient load-carrying capacity up to 144% of the 

Fig. 5 Element level specimens for derailment containment provision (Top view, dimensions in mm)

Fig. 6 Loading set‑up for element‑level specimens
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designed load of 165.6 kN. The experimental value of 
S_DCP-2 was 264.9 kN, which demonstrated sufficient 
load-carrying capacity up to 160% of the designed load 
of 165.6 kN. Furthermore, the experimental value of S_
DCP-3 was 263.0 kN, thus, the load-carrying capacity 
was up to 159% of the designed load of 165.6 kN.

Fig.  9 shows the typical crack pattern for the S_
DCP-2 specimen at the ultimate load condition. Cracks 
appeared along the edge of the concrete end of the ten-
sion section where the bending moment of the DCP 
anchor fixture was generated when the maximum 
load-carrying capacity was attained. Subsequently, as 
the applied load was increased, an increase in the dis-
placement was observed owing to the yielding of the 

connecting anchor. According to this damage pattern, 
strong shear stress acts on the anchor in a direction 
perpendicular to the edge of the DCP concrete owing 
to wheel collision. Therefore, the anchor should be 
carefully designed and constructed.

Steel failure, concrete failure, and concrete pryout fail-
ure are the three types of failures experienced by anchors 
subjected to a shear force (ACI Committee318, 2014; 
KCI, 2017). When a shear force acts on the anchor in a 
direction perpendicular to the edge of the concrete, as 
in this experiment, it is susceptible to concrete failure 
rather than anchor failure, as observed in Fig. 9. Even for 
this result, the SD400 anchor did not fail under the ulti-
mate load condition, and the strength reduced after the 
maximum load was reached owing to brittle concrete end 
failure. Furthermore, with a shear load, concrete failure 
occurred before anchor failure. Based on these findings, 
sufficient resistance performance of the anchor grout in 
addition to an appropriate anchor design is required to 
achieve ductile behavior when the train wheel collides 
with the DCP during derailment.

3.2  Analytical Investigation
In this study, RCAHEST (Reinforced Concrete Analy-
sis in Higher Evaluation System Technology) (Kim et al, 
2003, 2005), a previously developed nonlinear finite ele-
ment analysis program, was modified and utilized to 
forecast the behavioral characteristics of DCP for rail-
ways using grid steel frames.

Fig. 7 Experimental setup used for element‑level specimens (Top view)

Fig. 8 Lateral load–lateral displacement relationship 
for element‑level specimens: a L1‑B_H and b L2‑B_H

Fig. 9 Damage for element level specimen S_DCP‑2
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RCAHEST was created by the authors and other 
researchers by including the RC plane stress element, 
interface element, and PS steel element into the finite 
element analysis program, FEAP ver. 7.2 (Taylor, 2000), 
developed by Taylor at the University of California, 
Berkeley.

In this study, a previously evaluated nonlinear material 
model for reinforced concrete was used. This process is 
summarized below.

First, the crack model was limited to generating a 
second crack orthogonal to the first crack using a non-
orthogonal fixed crack model, thereby compensating for 
the limitation of the orthogonal fixed crack model, which 
underestimates the concrete stiffness. Furthermore, by 
inducing cracks to form at right angles to the direction 
of the actual principal stress, the stiffness of the concrete 
was accurately predicted.

The fundamental elastoplastic failure model described 
the material model of the concrete prior to cracking. 
After cracking, nonlinearity is apparent in the biaxial 
stress state. As illustrated in Fig. 10, the tensile stiffness 
model examines the tensile stress load of concrete in the 
direction perpendicular to the crack based on the orthot-
ropy of the material nonlinearity of the reinforced con-
crete element after cracking. The compressive stiffness 
model in the crack direction considers the reduction in 
the compressive stiffness of the concrete. Furthermore, 
the transmission model at the crack surface considers the 
shear transmission effect of the concrete.

The reinforcing bar material model simulated the 
behavior features after the yielding of the reinforcing bar 
embedded in the concrete by considering the characteris-
tics of only the bar as well as the effect of attachment to 
the concrete. There was no stress increase owing to the 
yielding of the reinforcing bar in the cracked region in 
Fig. 11. However, given that the average stress increases 
as the stress of the internal reinforcing bar increases, the 
yield plateau phenomenon of the reinforcing bar’s stress–
strain relationship is not manifested. A bilinear model 

Fig. 10 Cracked concrete model

= average steel stress; σ = yield strength of bar; 

σ ℎ = offset stress point for the initiation of strain hardening of the bar;

= initial bar stiffness; ℎ = strain hardening rates of the bar embedded in concrete;

= average steel strain

Fig. 11 Reinforcing bar model in concrete
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could be employed to track the behavioral characteristics 
of such reinforcing bars after yielding, and this has been 
verified by the authors and others (Kim et al., 2003).

For finite element analysis of the initial specimens of 
DCP for railway using grid steel frames, the specimens 
were divided into a total of 35 elements, including 28 
RC plane stress elements, 6 elastoplastic plane stress ele-
ments, and 1 interface element, as shown in Fig.  12. A 
3-point Gaussian integration was applied to the RC plane 
stress element as an isoparametric element with 8 nodes. 
In addition, the interface element was an isoparametric 
element with 6 nodes. The interface elements between 
the sleeper and the DCP enhance the modeling of the 
effects of the slip and the local compression. The inter-
face model for the boundary plane with different sec-
tions is based on the discrete crack concept, which uses 
the relationship between the stress and the localized 
deformations. The model is one dimensional and has no 
thickness; the relations of normal force versus the normal 
displacement and the shear force versus the shear dis-
placement are described.

Fig. 13 shows a typical example of the aforementioned 
analysis results. The results for S_DCP-2 are for an ulti-
mate load of 252.6 kN, which is approximately 5% less 
than the experimental value of 264.9 kN. The failure 
mode of DCP for railways that use grid steel frames was 
reliably tracked. The stress cloud diagram of the finite 
element calculation to analyze the force of the entity after 
loading in more detail, as shown in Fig. 14. A compari-
son with the experimental data indicated that the applied 
nonlinear finite element analysis program RCAHEST 
accurately tracked the DCP’s behavioral characteristics.

4  Combination Test
4.1  Experimental Investigation
In the initial test in the preceding section, a full-scale 
partial specimen was designed and fabricated to assess 
the performance of the DCP, and a static loading test 
was performed by accurately modeling the boundary 
conditions. The designed DCP demonstrated adequate 
load-carrying capacity in comparison to the designed 
load based on the relevant tests and analyses. It was 

demonstrated that when a train wheel collides with 
a DCP as a result of derailment, ductile behavior is 
exhibited.

In this section, full-scale combination specimens 
were designed as shown in Fig.  15. Two combination 
specimens were fabricated, each with the real boundary 
conditions. The objective was to review the structural 
performance of the DCP and sleeper, the shear perfor-
mance of the anchor, and the structural performance 
of the DCP connection. As shown in Fig. 16, there are 
three cases: Case-1 applies the load between the anchor 

8-node RC plane stress element 28

8-node Elasto-plastic plane stress element 6

16-node Interface element 

Fig. 12 Finite element mesh for element‑level specimens

Fig. 13 Sample of comparison of analytical and experimental results: 
a L1‑B_H and b L2‑B_H

Fig. 14 Sample of stress cloud diagram of the finite element 
calculations for element‑level specimens
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points, Case-2 applies the load to the center of the DCP, 
and Case-3 applies the load between the points.

In this case, the designed compressive strength of the 
concrete sleeper was set to 50 MPa, the modulus of elas-
ticity of the grid steel frame and fixture steel was set to 
210,000  MPa, and the yield strength of the grid steel 
frame and fixture steel was set to 355 MPa. The anchor of 
the DCP combination specimen for a grid steel frame was 
selected as an M20 anchor considering the DCP struc-
ture thickness and the potential penetration depth. The 
penetration depth was determined to be 90 mm. Further-
more, the DCP height was set at 125 mm based on a pre-
liminary analysis of the KTX vehicle. The grid steel frame 
was set to 100 mm, the fixed base plate was set to 20 mm, 
and the insulating rubber pad was 5 mm thick, which are 
the same values as that of the initial test specimen.

Failure tests with the load combinations shown in 
Figs.  16 and 17 were performed to evaluate structural 
performance in the DCP combination specimens. The 
load exerted by the train’s wheels in contact with the DCP 
during derailment was simulated. The loading plate was 
produced with sufficient stiffness to adhere to the DCP 
under the designed load without flexing, as in the initial 
test. For consistent load transmission, experiments were 
conducted using 15  mm rubber components inserted 
between the jig and the specimen. Furthermore, since 
the elevation of the DCP can cause stress in the anchor 
in the vertical direction, this was minimized by utilizing 

a specially constructed bracket. The centroid of the plate 
and the center of the actuator were aligned to reduce the 
influence of eccentricity.

The actuator had a capacity of 500 kN and a maxi-
mum stroke of 250  mm. The loading speed was set to 
1  mm/min, and the displacement was set such that it 
did not impact the specimen. The load–displacement 
relationship was determined based on the static tests 
for three load conditions. A strain gauge and LVDT 

Fig. 15 Structure level specimens for derailment containment 
provision (Top view): a Case‑1, 2 and b Case‑3

Fig. 16 Overview of the structure level specimens (Top view): a 
Case‑1, b Case‑2 and c Case‑3
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were attached to the specimen as illustrated in Fig. 16. 
When the DCP failed under the application of a static 
load, the ultimate load and displacement were meas-
ured, and the failure mode of each combination speci-
men was identified by examining the crack propagation 
according to the loading stage.

Fig.  18 shows the load–displacement curve for DCP 
for the railway combination specimen using a grid steel 
frame. It was obvious that the pinching effect is caused 
by the bond slips between the DCP and the base plate 
with rubber pad.

The experimental value for Case-1_1 was 210.5 kN, 
and sufficient load-carrying capacity was observed up 
to 127% of the designed load of 165.6 kN. The experi-
mental value for Case-1_2 was 290.2 kN, and sufficient 
load-carrying capacity was observed up to 175% of the 
designed load of 165.6 kN. In Case-2_1, the experimen-
tal value was 210.4 kN, and sufficient load-carrying 
capacity was observed up to 127% of the designed load 
of 165.6 kN. The experimental value for Case-2_2 was 
209.8 kN, and sufficient load-carrying capacity was 
observed up to 127% of the designed load of 165.6 kN. 
The experimental value for Case-3_1 was 210.4 kN, 
and sufficient load-carrying capacity was observed up 
to 127% of the designed load of 165.6 kN. Finally, the 
experimental value for Case-3_2 was 250.5 kN, and suf-
ficient load-carrying capacity was observed up to 151% 
of the designed load of 165.6 kN.

The patterns of cracks developed under the ulti-
mate load for typical specimens in Case-1, Case-2, 
and Case-3 are shown in Fig.  19. Cracks appeared 
along the edge of the concrete end of the tension sec-
tion when the maximum load-carrying capacity was 
attained. Subsequently, an increase in the displacement 
was observed owing to the yielding of the connecting 
anchor. Based on the damage patterns of the combina-
tion specimens, it was determined that a considerable 
shear force acts on the anchor in a direction perpen-
dicular to the edge of the DCP concrete owing to wheel 
contact. Therefore, the anchor should be carefully 
designed and constructed.

Fig. 17 Loading set‑up for structure‑level specimens (Case‑3)
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Fig. 18 Lateral load–displacement relationship for structure level 
specimens: a Case‑1, b Case‑2 and c Case‑3
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4.2  Analytical Investigation
The previously developed nonlinear finite element anal-
ysis program RCAHEST (Kim et  al., 2003, 2005; Kim, 
2022) was used to predict the behavioral characteristics 
of the combination specimen of DCP for railway using 
grid steel frames, as described in the previous section.

The DCP combination specimens were separated into 
35 elements for finite element analysis, comprising 28 
RC plane stress elements, 6 elastoplastic plane stress ele-
ments, and 1 interface element, as illustrated in Fig. 20. 
The RC plane stress element was an isoparametric ele-
ment with 8 nodes, which was integrated using 3-point 
Gaussian integration. The interface element was an 
isoparametric element with 6 nodes.

Fig.  21 shows an example of the results of the afore-
mentioned analysis. The analytical result for Case-2 is 
for an ultimate load of 202.1 kN, which is approximately 
4% less than the experimental values for Case-2_1 of 
210.4 kN and Case-2_2 of 209.8 kN. The failure mode of 
the combination specimen of DCP for railways that use 
grid steel frames was closely monitored. The stress cloud 
diagram of the finite element calculation to analyze the 
force of the entity after loading in more detail, as shown 
in Fig.  22. Compared to the actual data, it is clear that 
the utilized nonlinear finite element analysis program 

RCAHEST accurately follows the overall behavioral char-
acteristics of the DCP.

Further research is expected to allow for more accurate 
tracking of ductility ability, which shows a slight differ-
ence if the interface characteristics and nonlinear behav-
ior properties of DCP for railways using grid steel frames, 

Fig. 19 Damage for structure level specimens: a Case‑1, b Case‑2 and c Case‑3

8-node RC plane stress element 28

8-node Elasto-plastic plane stress element 6

16-node Interface element 

Fig. 20 Finite element mesh for structure‑level specimens
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Fig. 21 Sample of comparison of analytical and experimental results 
for structure level specimen Case‑2

Fig. 22 Sample of stress cloud diagram of the finite element 
calculations for structure‑level specimens
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such as fixed base plates and insulating rubber pads are 
precisely identified.

Based on a series of comparisons of experimental 
and analytical results, it was deduced that the nonlin-
ear finite element analysis technique presented in this 
study to predict the behavioral characteristics of DCP 
can facilitate the identification of its overall behavioral 
characteristics and structural performance assessment. 
Furthermore, it is expected to replace the experimental 
performance assessment, which is hindered by time and 
cost constraints.

5  Conclusions
To minimize the excessive deviation of a derailed train on 
railroad tracks, a DCP in the shape of a grid steel frame 
was developed to be positioned over the sleeper and the 
top surface of the sleeper. The following conclusions were 
established after conducting experimental and analytical 
studies to evaluate structural performance.

• The structural performance of the DCP for railways 
using grid steel frames, which can prevent train 
wheels from derailing when subjected to lateral pres-
sure, was evaluated based on experimental and ana-
lytical studies. The developed DCP could simplify 
the installation of the lateral pressing device in the 
process of fixing and installing the grid steel frame 
on the railroad track using fixtures, including anchor 
bolts on the upper surface of the sleeper. In addition, 
its economic feasibility and constructability were ver-
ified.

• The initial test indicated that the developed DCP for 
railway using grid steel frames had sufficient load-
carrying capacity and performance equivalent to 
144%, 160%, and 159% of the design loaded.

• The developed DCP demonstrated sufficient load-
carrying capacity up to 127% and 175% (Case-1_1 
and Case-1_2), 127% and 127% (Case-2_1 and Case-
2_2), and 127% and 151% (Case-3_1 and Case-3_2) of 
the designed load in combination tests that simulated 
conceivable boundary conditions. Its validity was also 
confirmed.

• The analytical values for the maximum load in the 
initial and combination tests exhibited approximate 
deviations of 5% and 4% from the experimental val-
ues, respectively, because of the nonlinear finite 
element analysis used in this study. As a result, the 
overall DCP behavior for the specimen railway that 
utilized grid steel frames was appropriately tracked, 
and detailed information was presented. This allowed 
for the analytical evaluation of the structural perfor-
mance, which could then be utilized for structural 

performance assessment and design review of the 
DCP.

• Cracks appeared at the edge of the concrete end of 
the tensile section where the bending moment of the 
DCP anchor fixture occurred when the DCP reached 
its maximum load-carrying capacity. Subsequently, 
as the applied load was increased, an increase in the 
displacement was observed owing to the yielding of 
the connecting anchor. These damage patterns sug-
gested that a high shear force was exerted on the 
anchor in a direction perpendicular to the edge of the 
DCP concrete owing to wheel impact.

• It is expected that if the interface characteristics and 
nonlinear behavior of DCP for railways using grid 
steel frames, such as the fixed base plate and insu-
lating rubber pad are precisely identified in further 
studies, the ductility and other properties, which 
exhibit some differences based on nonlinear analysis, 
will be more accurately tracked.
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