
Computers and Concrete, Vol. 21, No. 3 (2018) 239-248 

DOI: https://doi.org/10.12989/cac.2018.21.3.239                                                                  239 

Copyright ©  2018 Techno-Press, Ltd. 
http://www.techno-press.org/?journal=cac&subpage=8                                      ISSN: 1598-8198 (Print), 1598-818X (Online) 

 
1. Introduction 
 

Over the past two decades, concrete slab track systems 

have replaced traditional ballasted track systems. This was 

especially applicable in the case of high-speed railway 

systems, which demand a high level of track quality, long 

service life, and low maintenance cost (Tayabji and Bilow 

2001, Zi et al. 2012, Pratico and Giunta 2016, Shi et al. 

2016, Giannokos 2016, Ugarte et al. 2017). Concrete slab 

track systems may be classified into two different types 

according to the construction method used—cast-in-place 

systems and precast systems. The former system involves 

assembling precast concrete sleepers and reinforcement bars 

in the field and casting the concrete in the form of tracks 

that integrate the sleeper and the reinforcement bars. The 

reinforcement bars are usually placed in both the 

longitudinal direction as well as the transverse direction. 

Examples of cast-in-place systems include Rheda, Züblin, 

Stedef, Sonneville, and SBB (Bachmann 2006, Michas 

2012, Gautier 2015). Quality control is important in this 

system, and this in turn is significantly influenced by the 

field condition similar to asphalt pavement (Lee et al. 

2015). 

Conversely, precast systems produce relatively high 

quality slab tracks as compared with the cast-in-place 

systems. Additionally, maintenance costs can be reduced in 

precast systems (Lichtberger 2005). In the precast system, 

the track consists of many precast modules that are pre-

fabricated in a factory prior to the construction. Therefore, 
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the quality control of the slab track exceeds that of the cast-

in-place system. Examples of precast systems include Bögl, 

IPA, Ö BB-Porr, and Shinkansen slab track (J-slab) (Ando et 

al. 2001, Bachmann 2006, Michas 2012, Gautier 2015). 

The railway signaling system controls train speed, train-

to-train distance, and routes, and therefore plays an 

important role in maintaining the efficiency of the railway 

system. The railway signaling system transmits train control 

information pertaining to the location and speed limit of 

trains by using automatic train control (ATC), automatic 

train protection (ATP), or automatic train stop (ATS) 

systems. Signaling systems may be classified into the 

following three types based on the manner in which train 

control information is transmitted: (1) on-board systems 

that directly use the track (ATC system), (2) establishment 

of an instrument on the track, and (3) establishment of an 

instrument on the trackside such as traffic lights (ATS and 

ATP systems). Particularly, the ATC system that directly 

uses the track as a conductor for a part of the track circuit to 

transmit control signals is used in Korean high-speed 

railway systems (Posluszny 2016). 

The track circuits are operated by sensors that detect the 

electric current passing through the rails on the slab track. 

However, concrete slab tracks have several steel 

reinforcements to stably resist loads as shown in Fig. 1. 

These tracks could negatively influence the track circuits 

employed by train control systems (Theeg and Vlasenko 

2009). The currents flowing on the rails produce electro-

magnetic fields in which several magnetic couplings occur 

between the rails and steel reinforcements. These magnetic 

couplings generate several small circulation currents in the 

steel reinforcements, which in turn consume the electric 

power of the track circuit. This issue exists in both cast-in-

place and precast slab track systems. 

Generally, insulating joints made of wood or plastic 
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Fig. 1 Steel reinforcements in the concrete slab track system 

 

 

material are installed between two adjacent steel 

reinforcements to overcome the aforementioned loss of 

track circuit current due to magnetic coupling (Lichtberger 

2005) as shown in Fig. 1. In Korea, both cast-in-place and 

precast slab track systems require a considerable amount of 

insulation work involving plastic blocks or rubber hoses at 

the contact points of the steel reinforcements 

(approximately 700 points per slab track). Despite the 

advantage of insulation, it was observed that the use of the 

insulation caused a construction process delay and 

increased labor costs. 

The primary objective of this study is to develop a 

precast slab track system for mitigating the losses of track 

circuit current by reducing magnetic coupling for high-

speed railway systems. The paper is divided into the 

following sections: The design objective of the slab track 

and the structural design of the slab track are introduced in 

Section 2, the electrical and structural behavior of the 

proposed slab track is detailed in Section 3, and the 

structural experimental verifications are discussed in 

Section 4. The conclusions of this study are presented in 

Section 5. 

 

 

2. Slab track system for mitigating track circuit 
current losses 
 

2.1 Design objective of the slab track system for low 
track circuit current losses 

 

A train control system using track circuits to detect train 

locations and transmit train control codes is important in the  

 

 

development of the slab track system. In order to detect 

train control signals, the current flowing through the rails 

should be greater than the minimum level. In Korean high-

speed railway systems, a modulated current is transmitted 

using a UM17C track circuit system. This modulated 

current should be maintained at a minimum level of 0.8 A to 

transmit the control signal to the trains at the end of the 

block. The standard block length is approximately 1,500 m 

(Kim et al. 2009). 

 Electro-magnetic theory suggests that a large amount 

of circulation current generated by the induced magnetic 

fields of the main current on the rail are produced on the 

reinforcements in different directions. The circulation 

currents disturb the main current flowing on the rail and 

shorten its transmission length. It was observed that the 

circulation currents could cause problems in the 

transmission of signal information of the trains. The number 

of the circulations and the circulation area should be 

reduced to mitigate the main current loss on the rail as the 

induced circulation current is proportional to the cross 

sectional area of its circulation (Hill 1993). 

Fig. 2 shows the three steps involved in minimizing the 

circulation current effects: (1) a general rectangular-shaped 

slab track is selected as shown in Fig. 2(a), (2) a frame-

shaped slab track in which the internal induced circulation 

loops inside the rails are removed to mitigate the induced 

currents inside the rails, is selected as shown in Fig. 2(b), 

and (3) the proposed electrical insulators are used instead of 

the steel reinforcements in a transverse direction, and 

finally, all the circulation loops inside the rails as well as the 

big loop are removed as shown in Fig. 2(c). In this study, a 

frame-shaped slab track reinforced with electrical insulators 

in the transverse direction was developed to mitigate the 

induced current effect caused by the steel reinforcements. It 

was expected that the developed frame-shaped slab track 

could reduce the insulation works during the construction 

process and could reduce the construction expense. 

 
2.2 Frame-shaped slab track reinforced with GFRP 

rebars 
 

Glass fiber reinforced polymers (GFRP) are widely used 

for construction applications in civil engineering (Bakis et 

al. 2002). Although the weight of GFRP does not exceed 

one fourth the weight of the steel reinforcements, the  

 

 

 

(a) Rectangular-shaped slab track: 

fully induced current loop  
(b) Frame-shaped slab track: remove 

internal induced current loop  

(c) Frame-shaped slab track with electric 

insulator in transverse direction: remove 

internal and big induced current loop 

Fig. 2 Design objective of slab track system to reduce induced current loop by steel reinforcements 
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Fig. 4 Induced current loop for the slab track considered in 

this paper 

 

 

strength of GFRP is twice that of the steel reinforcements. 

Furthermore, GFRP is an excellent electric insulator. With 

respect to the internal reinforcements in concrete structures, 

commercially available GFRP rebars could be a promising 

alternative to steel reinforcements because of its improved 

corrosion resistance and strength (Bakis et al. 2002, Hao 

and Zhang 2016). Many surface types of GFRP rebars such 

as braided or wrapped GFRP rebars with fibers or 

roughened GFRP rebars were developed to enhance the 

bond with concrete (DongWon 2004). 

This study proposed a slab track reinforced with GFRP 

rebars with improved electric insulating properties. The 

precast slab track reinforced with GFRP rebars consisted of 

a rail, rail fasteners, sleepers, a reinforced concrete slab 

track panel, a hydraulic sub-base (HSB), a slab joint, and a 

grout layer as shown in Fig. 3. The figure also provides 

geometric details. The concrete slab track panel was 

typically separated from the HSB with a grout layer made 

of cement asphalt mortar (Bilow and Randich 2000, Tayabji 

and Bilow 2001, Giannokos 2016). The developed slab 

track panel was reinforced with GFRP rebars for the 

purpose of insulation as well as to resist loads. A large 

number of steel reinforcements and pre-stressing tendons 

were essentially installed inside panels to resist numerous 

loads applied to the system. 

 

 

Fig. 5 Electrically equivalent model of the front and end 

parts of the slab track 

 

 

3. Behavior of the slab track with GFRP rebars 
 

3.1 Electrical behaviour of the slab track 
 
3.1.1 Development of the numerical model 
The electro-magnetic fields from the rail current 

generates the induced currents on the reinforcements. In this 

study, based on the finite element method, a commercial 

electro-magnetic simulator MAXWELL was used for 

investigating the effect of the induced currents. The mutual 

impedance of the rail was also analytically calculated by 

using a transformer model. The slab track could be simply 

considered as several small loops as shown in Fig. 4. In the 

front and end parts of the loop model of a GFRP slab track, 

steel reinforcements produced six rows of the induced 

current loops. The six rows of the current loops could be 

represented as electrically equivalent models as shown in 

Fig. 5. 

In Fig. 5, 𝑣(𝑡), 𝑅𝐴 , and 𝑖𝐴(𝑡) denote voltage, 

resistance, and current in the track circuit, respectively.  

 

Fig. 3 The precast concrete slab track considered in this paper 
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Fig. 6 Nine different current loops in the slab track 

considered in this paper 

 

 

Additionally, 𝑖𝑟𝑝 and 𝑅𝑝 denote current and resistance in 

the reinforcement 𝑝, respectively. Furthermore, 𝐿𝐴 and 𝐿𝑝 

denote self-inductances of the rail and the reinforcement 𝑝, 

respectively, and 𝑀𝑝𝐴 and 𝑀𝑝𝑞 denote mutual inductance 

between the rail and the reinforcement 𝑝 , and mutual 

inductance between the reinforcements 𝑝  and 𝑞 , 

respectively. As shown in Fig. 5, the impedance of the rail 

can be calculated by using Kirchhoff’s law and Euler’ law 

as shown in Eq. (1). 

𝑍 =
𝑉

𝐼𝐴
= 𝑘1 − 𝑘2 − 𝑘3 − 𝑘4 − 𝑘5 − 𝑘6 − 𝑘7 (1) 

𝑘1 = 𝑅𝐴 + 𝑗𝑤𝐿𝐴 (2) 

𝑘𝑝+1 = 𝑗𝑤𝑀𝑝𝐴𝐻𝑝 for 𝑝 = 1, 2, … , 6 (3) 

where 𝑤 and 𝐻𝑝 denote current frequency, and current 

ratio matrix, respectively. The values of the coefficients  

 

 

used in this study are from the report on the Korean high-

speed railway system by Sampyo E&C (2011). The rail 

resistance represented in Eq. (4) constitutes the real part of 

Eq. (1) and the inductance represented in Eq. (5) represents 

the imaginary part of Eq. (1) divided by frequency 𝑤 as 

follows. 

𝑅 = real(𝑍) (4) 

𝐿 =
imag(𝑍)

𝑤
 (5) 

 

3.1.2 Results of the electrical analysis 

The rail impedances depend on the area of the induced 

loop caused by the steel reinforcements because they are 

induced in different current loop surfaces. There are nine 

cases in the developed slab track panel as shown in Fig. 6 

The resistance and inductance of the slab track were 

calculated by using MAXWELL with the electric models as 

shown in Fig. 7. Finally, the main current strength along the 

track was obtained at the carrier frequencies of the Korean 

high-speed railway track circuit with 2040, 2400, 2760, and 

3120 Hz as shown in Fig. 8. 

The minimum current value required to transmit the 

control information along the track is 0.8A. In the case of 

the higher frequency for the slab track without GFRP 

rebars, the current was unable to reach 1500 m with the 

required values due to several induced small loop currents 

between the rail and steel reinforcements as shown in Fig. 

8(a). It was observed that the current strength was below 

0.8A near 1200 m for the carrier frequency of 3120 Hz. On 

the other hand, in the case of all frequencies for the slab  

 

 
 

   
(a) Loop number 1 (b) Loop number 2 (c) Loop number 3 

   
(d) Loop number 4 (e) Loop number 5 (f) Loop number 6 

   
(g) Loop number 7 (h) Loop number 8 (i) Loop number 9 

Fig. 7 Three dimensional eletromagnetic modeling results 
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(a) Slab track without GFRP rebars 

 
(b) Slab track with GFRP rebars 

Fig. 8 Simulation results of current strength along a track 

circuit rail 

 

 

track with GFRP rebars, the current strength at all four 

different frequencies exceeded 0.8 A along the track as 

shown in Fig. 8(b). The minimum shunt current was 0.85A 

at 1420 m for the carrier frequency of 3120 Hz. It could be 

observed that the level of shunt current in the case of all 

frequencies for the slab track with GFRP rebars satisfied the 

requirement of exceeding 0.8A along the track length of 

1500 m due to the mitigation of the induced currents.  

In addition, it would be helpful if the experimental 

verification for electrical behavior of proposed slab track 

system is investigated. Further study about the experiments 

requiring only inexpensive cost will be carried out. 

 

3.2 Mechanical behavior of the slab track 
 
3.2.1 Material properties of GFRP rebars 
GFRP bars of 13 mm diameter were used as 

reinforcement for the slab track. These rebars were 

commercially manufactured in Korea and had long glass 

fibers wrapping the surface of the rebars as shown in Fig. 9 

(DongWon 2004, Oh et al. 2009). All the mechanical 

properties of the GFRP rebar were measured based on 

standard tests in ACI 440.3R-12 (ACI 2012). The data of 

the tensile tests of a GFRP rebar is shown in Table 1. The 

guaranteed tensile strength 𝑓𝑓𝑢
∗  of the FRP bar can be 

defined in terms of the mean tensile strength 𝑓𝑢,𝑎𝑣𝑒 minus 

three times the standard deviation (ACI 2015). In this study, 

the guaranteed tensile strength of a GFRP rebar with 13 mm 

diameter was 1052 MPa. The design tensile strength 

considering reductions for service environments can be  

 
(a) Shape of GFRP rebar 

 
(b) SEM image of GFRP 

Fig. 9 Simulation results of current strength along a track 

circuit rail 

 

Table 1 Data of tensile test of GFRP rebar 

 
Tensile 

strength [MPa] 

Ultimate strain 

[%] 

Tensile modulus 

of elasticity [GPa] 

GFRP-1 1084.8 2.027 53.4 

GFRP-2 1109.6 2.192 51.2 

GFRP-3 1118.3 2.217 50.1 

Average 1104.3 2.150 51.6 

Standard 

deviation 
17.4  1.7 

 

 

determined by the following equation. 

𝑓𝑓𝑢 = 𝐶𝐸𝑓𝑓𝑢
∗  (6) 

in which 𝑓𝑓𝑢 represents the design tensile strength and 𝐶𝐸 

represents the environmental reduction factor for various 

fiber types and exposure conditions. When the concrete was 

exposed to earth and weather, the 𝐶𝐸  value was 0.7. 

Therefore, the design tensile strength used in this study was 

736.4 MPa. The fatigue strength was 20% of the design 

tensile strength, which was equal to 147.3 MPa and the 

specified tensile modulus was 51.6 GPa. 

 

3.2.2 Development of the three-dimensional finite 
element model 

A few design methodologies for precast slab track 

systems were proposed by previous studies. However, most 

of these methodologies use Westergaard’s solution for 

concrete pavements based on the plate on the Winkler type 

elastic foundation to calculate stress (Westergaard 1926, 

1933, 1948, Giannokos 2016). The use of this solution is 

limited to plate type slab track system, which is not suitable 

for different shapes such as a frame-shaped slab track. In 

this study, a three-dimensional finite element model was 

developed instead of using Westergaard’s solution as in the 

case of the J-slab in Japan (Zi et al. 2012, Awad and Yusaf  
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(a) Finite element mesh 

 
(b) Deformed shape of the model 

Fig. 10 The three dimensional finite element model 

 

 

2012, Michas 2012, Gautier 2015, Poveda et al. 2015, Giner 

et al. 2016). 

Fig. 10(a) shows the three-dimensional finite element 

mesh used in the analysis. The models were implemented 

by using a commercial software ABAQUS (ABAQUS 

2005). The slab track considered in this study was rather 

long in proportion to its thickness. Therefore, a C3D8I 

(with an 8-node linear brick and incompatible modes) 

element, which improves the bending behavior was used for 

this structure (ABAQUS 2005). Only half of the panel and 

HSB were meshed as shown in Fig. 10(a) due to the 

symmetry in the transverse direction of the slab track panel 

and HSB. The slab track panel has 34.5 GPa of elastic 

modulus and 40 MPa of compressive strength. The HSB has 

12.9 GPa of elastic modulus for conservative design of slab 

track. 

This structure had a grout layer between the slab track 

panel and HSB as shown in Fig. 3. This grout layer used 

small holes in the panel to fill a vacuum after the 

installation of the slab track panel. This structure could be 

considered as consisting of two different systems based on 

the effect of the grout layer, namely (1) without bonding 

and (2) with bonding between the slab track panel and HSB 

layer (Eisenmann 2000, 2006). In this study, the bonding 

effect by the grout layer could be neglected based on the 

conservative aspect of the design viewpoint, and thus the 

grout layer was removed during the analysis. Therefore, the 

slab track panel and HSB were modeled separately. Any 

interpenetrating displacements between the slab track panel 

and HSB were not allowed, and slip as well as relative 

displacements between these two layers were considered.  

Table 2 Stresses calculated considering the movement of 

axle loads 

 
Stress in longitudinal 

direction [MPa] 

Stress in transverse 

direction [MPa] 

Load case 1 (x=0) 1.424 1.478 

Load case 2 (x=150) 1.395 1.532 

Load case 3 (x=300) 1.267 1.541 

Load case 4 (x=450) 1.090 1.476 

Load case 5 (x=600) 0.956 1.405 

Maximum 1.424 1.541 

 

 

The rail and rail fasteners were not considered in the 

three dimensional analysis. Thus, the wheel load is 

considered to be distributed at the position of each rail 

fasteners as follows: (1) The wheel load based on UIC 71 

load model is distributed to the rail. (2) The deflection of 

rails is calculated based on the well-known beam on elastic 

foundation theory of Winkler, Eq. (7). (3) The supporting 

reactions on each rail fasteners are calculated by rail 

deflection and the stiffness of rail fasteners. (4) Then, the 

calculated reactions are applied at the position of each rail 

fasteners as shown in Fig. 10(b).  

The behavior included both non-interpenetrating and 

relative displacements between two layers as shown in Fig. 

10(b). The HSB layer was assumed as supported by an 

equivalent Winkler spring. The stiffness of the spring was 

calculated based on the Winkler foundation type. 

 

3.2.3 Results of the analysis 

The calculated stresses considering the movement of the 

wheel load of the train are shown in Table 2. The UIC 71 

load model with four 250 kN axle loads and a distributed 

load of 80 kN/m was used for the wheel load of a train, and 

this axle load was distributed by the rail to rail fasteners on 

the slab track panel (UIC 2001). The movement of the 

wheel load was considered as the distance between the head 

of the panel and the first of the four axle loads which is “x” 

in Table 2 as shown in Fig. 10(b). All load cases are listed in 

Table 2. In the design, the maximum stresses in both 

directions were multiplied by the factor, 1.529, that 

accounted for the effect of dynamic impact based on the 

numerous field surveys (KR C-14060 2014). 

Figs. 11(a) and (b) show the contour plots of the stresses 

in the longitudinal and transverse directions, respectively. 

The maximum longitudinal stress occurred at a point two 

thirds of the distance along the longitudinal direction where 

the slab track panel was bent. Additionally, the maximum 

transverse stress occurred below the first rail fastener from 

the head of the panel. The maximum stress in the transverse 

direction exceeded that in the longitudinal direction as listed 

in Table 2. The amount of reinforcements was determined 

based on these results. 

The design of the reinforcements in this slab track was 

based on ACI 318-14 and 440.1R-15 (ACI 2014, 2015). In 

the transverse direction, if the GFRP rebars resisted the 

maximum tensile stress that occurred beneath the first rail 

fastener from the head of the panel, then the minimum 

requirements of the GFRP rebars increased significantly and 

the development length could not be satisfied. Therefore,  
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(a) Stress contour in longitudinal direction 

 
(b) Stress contour in transverse direction 

Fig. 11 The results of three dimensional finite element 

analysis 

 

 

the steel reinforcements resisted the maximum tensile stress 

that occurred in the end block, and the GFRP rebars only 

resisted the stress of 0.4MPa that occurred in the middle of 

the end block in the transverse direction. 

The reinforced amount of the GFRP rebars was 

determined based on the serviceability condition, control of 

cracks, and creep rupture. The maximum allowable crack 

width was 0.5 mm for exterior exposure (ACI 2014). 

Additionally, if the structure reinforced with the GFRP 

rebars was subjected to fatigue loading, then the stress of 

the GFRP rebars should be limited to the 20% of the design 

tensile strength or 𝑓𝑓𝑢, which is equal to 148.3 MPa (ACI 

2015). Therefore, five GFRP rebars with 13 mm diameter 

were distributed in the end block. Top and bottom concrete 

covers of 40mm diameter were used. 

 

 
4. Experimental verification of the mechanical 
behavior of the slab track 

 

4.1 Mechanical behavior of the slab track in the 
longitudinal direction 

 

Four-point flexural tests were carried out to verify the 

mechanical behavior of the proposed slab track which is 

similar to the work of Tarifa et al. as shown in Fig. 12 

(Tarifa et al. 2015). The two different types of test 

specimens based on the direction of the specimen cut from 

the slab track panel were as follows: (1) LF corresponds to 

the specimen cut in the longitudinal direction and (2) TF 

corresponded to the specimen cut in the transverse direction 

as shown in Figs. 12(a) and (c), respectively. In order to 

control for the possible random scattering of the test data, 

four test specimens of each type were prepared.  

High-strength concrete with an average 28-day concrete 

compressive strength of 49.2 MPa based on the average 

values obtained from tests performed on 10×20 cm 

cylinders was used for the slab track panel. Linear Variable 

Differential Transformers (LVDTs) were designed to 

measure the mid-point displacement as shown in Figs. 12(a) 

and (c). The transformers were installed on the angle steel 

placed on the roller supports to remove all unnecessary 

displacements except that of the test specimens. The load 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 12 The specimens details & experiment setup of the 

flexural tests: (a) test specimen of LF which is in 

longitudinal direction, (b) test setup of LF, (c) test specimen 

of TF which is in transverse direction, and (d) test setup of 

TF 

 

 

was applied to the specimens through two equal rollers 

attached to the actuator at distances of 1,300 mm and 700 

mm from each support to avoid the sleepers.  

An MTS actuator and a Samyeon servohydraulic 

actuator were used for the testing. The actuators were 

capable of applying 250 kN of axial force. All tests were 

performed by a displacement control method at a rate of 2 

mm/min until the applied load decreased. The cracks and 

displacements were checked and plotted as each crack 

occurred. All data was captured on a computer that used a 

Tokyo Sokki TDS-303 data acquisition system. 

The load-displacement curves for the specimens in the 

longitudinal direction are shown in Fig. 13(a). The load 

increased linearly to a maximum of approximately 75 kN 

when the displacement at the mid-point was approximately 

10mm. Following this, the hardening started as the load 

increased nonlinearly up to a maximum load of 

approximately 135 kN when the displacement at the mid-

point was approximately 75 mm. After reaching the 

maximum load, the load decreased significantly with the 

failure of the specimen. The average flexural strength was  
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(a) load-displacement curves 

 
(b) failure patterns 

Fig. 13 The test data of the flexural tests in longitudinal 

direction 

 

Table 3 Data of the flexural specimens 

Direction Specimens 
Maximum 

load [kN] 

Failure 

displacement 

[mm] 

Flexural 

strength 

[kN m] 

Longitudinal 

LF-1 137.87 74 89.62 

LF-2 134.31 76 87.30 

LF-3 137.38 75 89.30 

LF-4 138.82 73 90.23 

Average 137.10 75 89.11 

Average/Nominal - - 
1.5 

(89.11/59.53) 

Transverse 

TF-1 266.08 68 93.13 

TF-2 250.83 64 87.79 

TF-3 284.18 74 99.46 

Average 267.03 69 93.46 

Average/Nominal - - 
1.15 

(93.46/81.35) 

 

 

89.11 kNm, which was approximately 1.5 times that of the 

nominal strength of 59.53 kNm. The first crack began to 

appear between the loading points at a displacement of 

10mm. Finally, several flexural cracks grew and resulted in 

the concrete crushing at the top of the specimen that was 

under the loading points as shown in Fig. 13(b). The results 

confirmed that the developed slab track had sufficient 

flexural strength in the longitudinal direction because it was 

approximately 1.5 times that of the nominal strength. All 

the data are shown in Table 3. 

 

4.2 Mechanical behavior of the slab track in the 
transverse direction 

 
(a) load-displacement curves 

 
(b) failure patterns 

Fig. 14 The test data of the flexural tests in transverse 

direction 

 

 

The load-displacement curves for the specimen in the 

transverse direction are shown in Fig. 14(a). The load 

increased linearly to approximately 70 kN when the 

displacement at the mid-point was approximately 5 mm, 

and then the load decreased and increased repeatedly for a 

few times. This situation could be caused by the squeezing 

through of the GFRP rebars, and not due to the failure of the 

GFRP surface. The GFRP rebar at the position in which the 

cracks occurred squeezed through the concrete due to its 

low stiffness in the radial direction (Fib 2000). A finite 

element analysis indicated that the vertical deflection of the 

slab track panel was almost 1mm when the service load was 

applied to the developed slab track on the elastic 

foundation. Giannokos also published 0.37 mm deflection 

of concrete slab under the service load condition 

(Giannokos 2016). Given these results, squeeze through 

was not expected to occur in slab track panels reinforced 

with GFRP rebars during the service life. Furthermore, in 

the event of squeeze through during the service life, there is 

no structural problem because the GFRP rebars have 

sufficient development length to retain the flexural strength. 

Following this, the load increased nonlinearly up to a 

maximum load of approximately 265 kN when the 

displacement at the mid-point was approximately 70 mm. 

The load decreased after the maximum load was reached. 

Average flexural strength was 93.46 kNm, which was 

approximately 1.15 times the nominal strength of 81.35 

kNm. In the linear region, the panel in the transverse 

direction behaved linearly up to 75.3 kN (26.36 kNm). This 

corresponded to the cracked strength, which was the same 

as the modulus of rupture. This was approximately thrice 
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that of the factored flexural moment of 8.195 kNm. The 

crack patterns are shown in Fig. 14(b). The first crack began 

to appear between the loading points at a displacement of 5 

mm. Several cracks grew to the top of the specimen and 

concrete crushed at a displacement of 70 mm. As expected, 

the flexural strength in the transverse direction exceeded the 

nominal strength as shown in Table 3. 

 

 

5. Conclusions 
 

The conclusions of the study are as follows: 

• A precast slab track reinforced with GFRP rebars was 

developed to minimize the losses of track circuit current 

by reducing the magnetic coupling between the rails and 

steel reinforcements. In the study, a frame-shaped slab 

track reinforced with an electrical insulator with GFRP 

rebars in the transverse direction was developed to 

minimize the area of the induced current loop to 

mitigate the induced current effect. 

• An electric simulation was used to verify the effect of 

the GFRP rebars in the developed slab track. All 

currents at different working frequencies in the case of 

the slab track with the GFRP rebars exceeded 0.8A at 

the block length of 1,500m. The findings indicated that 

the proposed slab track decreased the magnetic coupling 

when compared with that of the slab track panel with 

only steel reinforcements 

• A finite element model was used to study the 

mechanical behavior of the slab track by considering the 

movement of the axle loads. The maximum stress in the 

transverse direction exceeded that in the longitudinal 

direction. In the proposed slab track, the GFRP rebars 

resisted the transverse stress at the end block of the slab 

track. The reinforced amount of the GFRP rebars was 

determined based on the serviceability condition, control 

of the cracks, and fatigue strength. 

• In the longitudinal direction, the average flexural 

strength of the slab track was approximately 1.5 times 

that of the nominal strength, and in the transverse 

direction, the average flexural strength was 

approximately 1.15 times that of the nominal strength, 

and the crack strength was approximately 3 times the 

factored flexural moment. 
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