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 11 

Abstract: There is a confusion in the original design concept for the tensioning of longitudinally 12 
connected reinforcement of CRTSII slab ballastless track. In order to clarify the effect of tension 13 
value of longitudinal reinforcement on mechanical characteristics of ballastless track, a three 14 
dimensional finite element model considering the nonlinear interaction between the track slab and 15 
CA mortar of CRTSII slab ballastless track was established. The mechanical characteristics of the 16 
track structure under longitudinal tension load and temperature gradient load of the longitudinal 17 
joint were calculated. A method of applying pre-stress to post-pouring concrete was proposed 18 
according to the concept of pre-stress loss of pretensioning pre-stressed concrete, reasonable tensile 19 
force value was proposed after the crack width and the reinforcement stress of the ballastless track 20 
in the operation stage were checked and calculated according to the concrete design principle. 21 
When the tension force is greater than 300 kN, it’s harmful to the bonding between the slab and 22 
mortar layer, which is prone to interlayer damage. In order to adding pre-stress to concrete of wide 23 
joints to ensure the longitudinal stability of ballastless track and the reinforcement stress and crack 24 
width to meet the design requirements. It is suggested that the tension force value should be 230 25 
kN, and the temperature difference between reinforcement and concrete should be 30 °C before the 26 
initial curdle of wide joint concrete. 27 

Keywords: Tension force; Interface damage; CRTSII slab ballastless track; Concrete crack; 28 
pre-stress 29 

 30 

1. Introduction 31 

Ballastless track which is suitable to the high speed railway for the reason that it has high 32 
smoothness and stability of the railway line and has the advantages of high structural stability, good 33 
stiffness uniformity, long service life and small maintenance work compared with conventional 34 
ballast-track [1,2]. Figure 1 shows the CRTSII slab track and its components. The primary 35 
components of the slab track system are the rails, rail pads, track slab, cement emulsified asphalt 36 
(CA) mortar layer, and concrete base. CRTSII slab ballastless track is connected longitudinally 37 
between track slabs by tensioning the longitudinal connecting reinforcement between track slabs 38 
and casting wide and narrow joint concrete [3]. The tensioning of longitudinal reinforcement plays a 39 
role in ensuring the longitudinal connection reliable of ballastless track and limiting the crack width 40 
at wide and narrow joints. According to the original design concept [4], the tensioning of 41 
longitudinal reinforcement generates 300kN prepressure which can effectively reduce the crack 42 
width and the stress of the connecting reinforcement on the wide and narrow joint concrete. The 43 
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wide and narrow joint is an important link in the longitudinal system of CRTSII slab ballastless 44 
track. 45 
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Figure 1. CRTSII slab ballastless track 47 

Although the slab track has gained successful improvements and applications in high-speed 48 
railway lines compared with traditional ballasted tracks, slab track still represent some structural 49 
damage caused by train load and temperature load in the operation process. In practice, it is found 50 
that the wide and narrow joint between the track slabs has appeared diseases like concrete falling off 51 
and damage, cracking at joints (shown in Figure 2) and arch etc. in recent years. The longitudinal 52 
continuity and stability of ballastless track are seriously weakened by the damage of the wide and 53 
narrow joint position. Therefore, it is necessary to study the mechanism of wide and narrow joint 54 
disease and provide solutions for the maintenance and repair of wide and narrow joint. 55 

 56 

Figure 2. Cracking at wide and narrow joints 57 

At present, most of the researches on wide and narrow joints of ballastless track mainly focus on 58 
the generation of cracks and static and dynamic characteristics of wide and narrow joints under 59 
temperature load and train load. However, it cannot be effectively combined with the construction 60 
process. The influence of wide and narrow joints damage on the force and deformation of seamless 61 
line in temperature rise and continuous high temperature load based on the finite element theory is 62 
studied in reference [5]. The author thinks that there are some problems in the original design 63 
concept that longitudinal connecting reinforcement do not provide pre-pressure on wide joints 64 
concrete. Reference [6] investigated the influence of temperature load, interlayer state and material 65 
quality on the damage of concrete at wide joints using the plastic damage constitutive model of 66 
concrete and analyzed the causes of wide joints damage. Finite element simulation analysis on the 67 
effect of different tension-drawing processes on the force exerted on the rail structure is carried out 68 
in reference [7]. It was concluded that the tension-drawing of the longitudinal reinforcement do not 69 
exert great pre-pressure on the narrow joint concrete, and its effect on temperature resistance is not 70 
obvious. It can be seen that there is a problem of wrong design concept in the longitudinal 71 
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connection of ballastless track. However, so far very few studies have been published on the damage 72 
caused by tensioning of longitudinal reinforcement in the construction stage, also there is no 73 
research on fixing this wrong design concept. 74 

Based on the above analysis, this paper is divided into two parts (construction stage and 75 
operation stage) to study the tensile properties of longitudinal reinforcement. Firstly, the 76 
construction sequence of CRTSII slab ballastless track in wide and narrow joint position and the 77 
tensioning sequence of longitudinal reinforcement are briefly introduced in section 1. In section 2, 78 
the simulation model in the construction stage is introduced. The interface model parameters are 79 
determined through experimental data. The comparison between numerical results and 80 
experimental measurements is also reported. In section 3, different tension forces are selected as 81 
initial conditions to analyze the stress and deformation of the track structure after tensioning. Also, 82 
the influence of temperature gradient load on the failure of track structure after tensioning is 83 
analyzed according to the environmental changes before the casting of wide joint. In section 4, a 84 
method of applying pre-stress to wide joint concrete is put forward to fixing the error of original 85 
design concept. Reasonable tension force is proposed after the stress of reinforcement and crack 86 
width of concrete at the joint are checked and calculated according to the concrete design principle 87 
[8]. 88 

2. Longitudinal joint construction of CRTSII slab ballastless track 89 
2.1 Construction sequence of ballastless track 90 

The construction sequence of ballastless track is shown in the Figure 3 after casting the concrete 91 
base. 92 

 93 
Figure 3. Construction sequence of ballastless track 94 

Step1: Pouring CA mortar 95 
Check the status of the track slab to make sure that its position meets the design requirements 96 

and prewet the concrete base before the CA mortar is poured. CA mortar is perfused through the 97 
perfusion holes in the middle of the track slab. The CA mortar for each track slab shall be perfused 98 
once for all. 99 
Step2: Cast narrow joint concrete 100 

The pouring of narrow joint should be carried out after CA mortar perfusion is completed and 101 
its strength reaches 7MPa. The narrow joint height is controlled at the 6 cm below the up edge of the 102 
track slab. 103 
Step3: Tensioning longitudinal reinforcement 104 

The tensioning process of reinforcement should be carried out after the strength of CA mortar 105 
reaches 9MPa and the strength of narrow joint concrete reaches 20MPa, the specific tensioning 106 
sequence is detailed in section 1.2. 107 
Step4: Cast wide joint concrete 108 
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The concrete should be poured in time after the longitudinal reinforcement is connected. 109 
Re-check the tension force value before casting. After the casting is completed, it should be vibrated 110 
and compacted and make the concrete surface flush with the surface of the track slab. 111 
2.2 Tensioning sequence of longitudinal reinforcement 112 

Each wide and narrow joint is provided with 6 tension locks, First, tension the middle of the 113 
two locks (inside locks), and then tension two locks near the middle locks(middle locks), at last, the 114 
two locks on the outermost side (outside locks) are tensioned. A total tension force of 300kN is 115 
applied to 6 longitudinal reinforcement for each longitudinal reinforcement tension force is 50kN. 116 
Tensioning sequence: 117 
Step1:  118 

Tension the inside locks of two joints. 119 
Step2:  120 

Symmetrically tensioning the two inside locks near the two joints that have been stretched. 121 
Tensioning step is carried out with two joints step by step. 122 
Step3:  123 

The middle locks of the two middle joints was tensioned after six inside locks were stretched. 124 
Step4:  125 

Continue symmetrically tensioning the two inside locks near the joints that have been stretched 126 
and at the same time tensioning the two middle locks near the joints that have been stretched. 127 
Step5:  128 

The outside locks of the two middle joints was tensioned after six middle locks were stretched. 129 
Longitudinal reinforcement is tensioned in this order until the completion of a construction 130 

section. The tensioning sequence is shown in the Figure 4. 131 

 132 
Figure 4. Tensioning sequence of longitudinal reinforcement 133 

3. Calculation model and experimental verification 134 
3.1 Cohesive zone model 135 

Cohesive zone model (CZM) was introduced by Dugdale and Barrenblatt in 1960 and 1962 136 
respectively [9-11]. CZM has been used for the fracture process analysis of most materials since the 137 
CZM overcomes the inconsistency of the crack tip stress in classical fracture mechanics and can 138 
simply characterize the initiation and propagation of cracks [12-18]. 139 

In this paper, the CZM is used to simulate the bonding characteristics between the track slab 140 
and the mortar layer. It is assumed that the relationship between the stress of each tiny region of the 141 
cohesive zone and the open displacement (τ-δ) is defined as the bilinear relationship as shown in 142 
Figure 5. This model is suitable for numerical simulation of finite element method. 143 

 144 

 145 
Figure 5.  Models of binding-slippage 146 
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The model is divided into 3 stages. Stage1: Elastic stage. The ultimate bonding strength of the 147 
interface is τf, and the corresponding displacement is δ1. The interface stress increases linearly before 148 
it reaches the ultimate bonding strength τf. Stage2: Softening stage. The interface stress decreases 149 
linearly when the relative displacement is greater than δ1. The relative displacement reaches δf when 150 
the bonding strength drops to zero. Stage3: Failure stage. The model starts to fail when the relative 151 
displacement is greater than δf. Gf is defined as the fracture energy which its value is the area 152 
enclosed by the triangle. 153 

The maximum stress criterion is used to describe the initial damage of the interface element. 154 
The damage begins when any nominal stress ratio reaches 1. 155 

0 0 0max , , 1n s t

n s t

τ τ τ
τ τ τ

   = 
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Where 
0
nτ ,

0
sτ ,

0
tτ respectively represent the bonding strength of the normal stress, the first 157 

shear stress, and the second shear stress. nτ , sτ , tτ respectively represents the normal stress and two 158 
shear stresses in the mixed stress mode. Where the brackets <> means that the compressive stress 159 
does not contribute to the initial failure of the structure. 160 

The damage value D, proposed by Camanho and Davila [19], is defined as: 161 
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Where 

0
mδ  is the effective displacement of the element node when the failure starts. 

f
mδ  is the 163 

effective displacement of the node when the damage value D reaches 1. 
max
mδ  is the maximum 164 

displacement of nodes in the load history. 0<D<1 means that the interface element is in the softening 165 
area, and when the D value is 1, it means that the interface element is broken. 166 
3.2 Finite element model and model parameters 167 

In order to study the influence of tension value on the track slab and interface between track 168 
slab and CA mortar, a three dimensional finite element model of CRTSII slab ballastless track is built 169 
according to the actual size of ballastless track based on the commercial software ABAQUS, as 170 
shown in Figure 6. The track slab, mortar layer and concrete base are all simulated by solid elements, 171 
and the longitudinal reinforcement which is constrained by the joint with the track slab concrete is 172 
simulated by truss element. The cohesive element described in the above section is disposed on the 173 
bonding layer between the concrete of the track slab and the mortar layer, the debonding of interface 174 
is simulated by the failure of bonding layer element. Tie constraints are applied between the mortar 175 
layer and the concrete base and all the displacements of the nodes at the bottom of the slab track 176 
system are restricted. The model has a total length of 39 m (six track slab) and the parameters are 177 
shown in Table 1. 178 

 179 
Figure 6. Finite element model 180 

181 
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Table 1. Parameters of slab ballastless track model 182 

Components 
Young's 
modulus (Pa)  

Poisson 
ratio 

Thermal expansion 
coefficient (℃-1) 

Track slab 3.25E+10 0.2 1E-5 
CA mortar 8E+9 0.2 - 
Concrete base 2.55E+10 0.2 - 

Load-displacement curve of the interface is obtained by slab push test on single rail pads 183 
carried out by China Academy of Railway Sciences Corporation Limited (CARS). In order to get the 184 
parameters of the interface element, a three-dimensional finite element model is established 185 
according to the actual size and constraint mode of the single rail pads push slab test (shown in 186 
Figure 7a). L=2.55m，b=0.65m，t=0.2m. Loading method is simulated by gradually increasing the 187 
displacement of the track slab end. 188 

This paper assumes that the normal stress strength is the same as the shear stress strength, for 189 
the reason that the normal stress value is much smaller than the shear stress value in the process of 190 
pushing test and the normal stress strength is slightly greater than the shear strength based on the 191 
interface experiment [20], which result in a conservative result. 192 

Figure 7b shows the simulation results, the simulated load-displacement curve is most 193 
consistent with the experimental results with =0.075MPa, =0.1mm, =2mm. It can be seen that 194 
the established model agrees well with the experimental results in the ascending phase, while the 195 
push force is slightly smaller than the test results in the descending phase. But overall, there is a 196 
good consistency for the fitting result, which proves that cohesive parameters are reasonable and 197 
credible. 198 

 
 

(a) Push test on single rail pad (b) Testing and simulated result of 
push test 

Figure 7. Push test on single rail pad and its result 199 
3.3 Experimental verification 200 

Tensile test is carried out on the end joint of rail plate by the CARS [20]. The measuring point 201 
location and measurement results are shown in Figure 8. 202 
 203 

 

 

(a) Measuring point of tensioning of 
longitudinal connecting reinforcement 

(b) Testing result of tensioning of longitudinal 
connecting reinforcement 

Figure 8. Tension points and test results of longitudinal reinforcement 204 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 October 2018                   doi:10.20944/preprints201810.0260.v1

Peer-reviewed version available at Appl. Sci. 2018, 8, 2139; doi:10.3390/app8112139

http://dx.doi.org/10.20944/preprints201810.0260.v1
http://dx.doi.org/10.3390/app8112139


The tension of reinforcement in the measured track can cause the joint compression at the end 205 
of the plate (the point of break in the figure). The total compression amount of the joint for 1# and 2# 206 
measurement area after tension of reinforcement is -0.026mm and -0.020mm respectively. The 207 
shrinkage of track structure after reinforcement tensed in the condition of temperature reduction 208 
causes the joint of slab end expand obviously. The maximum extension of track slab joint is closed to 209 
0.08 mm when the temperature drop 5℃ in the actual measurement period from 21:00 to 1:00(the 210 
end of Figure 8(b) curve). 211 

The longitudinal connected reinforcement at the slab end is tensioned in the tensile order. The 212 
calculated tensile displacement of the three measuring points are 0.021mm, 0.028mm and 0.021mm 213 
respectively for the simulation model , which is very close to the measurement result. In addition, 214 
the track slab is applied -5℃ cooling load after longitudinal connected reinforcement tensioned, the 215 
opening displacement at the end of the track slab was 0.07mm, which was close to the measured 216 
results, and proved the reliability of the model. 217 

4. Mechanical analysis in tensioning process 218 
Each longitudinal connecting reinforcement provides 50kN tension force when the longitudinal 219 

connecting reinforcement of ballastless track is stretched. Tension force is simulated by dropping 220 
temperature, the equivalent formula is: 221 

l Ft
la AEα
ΔΔ = =                                    （3） 222 

Where Δt is the scale of drop in temperature, Δl is the length change of wide joint, l is the length 223 
of wide joint,α is coefficient of linear expansion, F is the tension value, A is the section area of 224 
longitudinal connecting reinforcement, E is the elastic modulus of longitudinal connecting 225 
reinforcement. 226 

The ballastless track will be affected by the temperature load after the longitudinal 227 
reinforcement is stretched and before the casting of the wide joint, only the temperature gradient 228 
load caused by daily temperature change is considered due to the short time interval between 229 
casting and stretching. Taking common temperature gradient load into consideration, positive 230 
temperature gradient load is 50℃ / m and negative temperature gradient load is -25℃ / m, 231 
temperature gradient loads are applied after the longitudinal reinforcement is tensioned. The 232 
designed tension load is 300kN, so here four calculation conditions of 100kN, 200kN, 300kN and 233 
400kN are selected to analyze the influence of tension load. 234 

The vertical displacement of the bottom side of the track slab after longitudinal connected 235 
reinforcement tensioned is shown in Figure 9. It can be seen that due to the existence of narrow joint, 236 
the longitudinal connecting reinforcement makes the track slab under eccentric compression after 237 
stretching. The narrow joint position is under compression, the track slab tends to arch upward. The 238 
arch displacement of the track slab is increasing from the position of the slab edge to the position 239 
0.7m away from the slab edge. The arch displacement of the track slab begins to decrease gradually 240 
and then tends to be very small from the position of 0.7m away from the slab edge to the position of 241 
2m away from the slab edge. The larger the tensile force is, the larger the arch displacement is, and 242 
the relationship between the arch displacement and tensile force is nearly liner relationship. The 243 
arch displacement of the track slab is very small (0.002mm) for ballastless track structure.  244 
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 245 
Figure 9. Vertical displacement of track slab after longitudinal connecting reinforcement is 246 
tensioned 247 

Figure 10. shows the damage at interface between track slab and CA mortar under the action of 248 
positive temperature gradient load with different tensile force values. It can be seen that the position 249 
of the interface damage is located 0.7m away from the edge of the track slab and edge of the track 250 
slab that corresponds to the outer reinforcement under the action of positive temperature gradient 251 
load. Both the damage value and the damage area increase with the increase of the tension force 252 
value. The position where the damage first appears is 0.7m away from the edge of the track slab 253 
(point B) and the temperature gradient load value when the interface damage occurs is reduced from 254 
46℃/m to 40℃/m when the tension force value increases from 100kN to 300kN(shown in Figure 11). 255 
But when the tension force value is 400kN, the first damage area at the edge of the track slab (point 256 
A) and the corresponding temperature gradient load value is 20℃/m, which explains that the large 257 
tension force value is unfavorable to the interface at the end of the track slab. 258 

The stress condition of the element node at point A and point B are shown in Figure 12 and 259 
Figure 13. It is longitudinal shear stress rather than the vertical normal stress and transverse shear 260 
stress that is most affected by tension force value. The three-direction stress of the interface element 261 
increases linearly with the increase of positive temperature gradient load. The failure mode at point 262 
B is mixed failure for its three-direction stress are relatively large. Point A is subjected to 62200Pa of 263 
longitudinal shear stress when the tension process ends. When the positive temperature gradient 264 
load reach 20℃/m, Point A begins to appear damage under longitudinal shear stress and transverse 265 
shear stress, so the failure mode at point A is shear failure. 266 

 267 

  268 
 269 

(a)                                   (b) 270 
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  271 
 272 

(c)                                  (d) 273 
Figure 10. Damage evolution under positive temperature gradient load with different tension 274 
force (a)-(d), 100kN - 400kN. 275 

 276 
Figure 11. Damage evolution at point A and point B 277 

 278 

 279 
Figure 12. Interface stress evolution at point B 280 

 281 
Figure 13. Interface stress evolution at point A 282 
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The interface damage areas shown in Figure 14 are located at the narrow joint position under 283 
the action of negative temperature gradient load with different tension force values. The damage 284 
value reduced from 0.453 to 0.233 and temperature gradient load value when the interface damage 285 
occurs is reduced from -22.5℃/m to -18.5℃/m when the tension force value increases from 100kN to 286 
400kN(as shown in Figure 15). The stresses of the interface in the damaged area are shown in Figure 287 
16. Narrow joint position damage is mainly caused by vertical normal stress. The greater the tension 288 
force value is, the greater the buckle pressure to the narrow joint position. So the longitudinal 289 
tension of reinforcement can reduce the warping of the track slab corner. 290 

 291 

 292 
Figure 14. Damage evolution under negative temperature gradient load with 400kN tensile 293 
forces 294 

 295 
Figure 15. Damage evolution under negative temperature gradient load 296 

 297 

 298 
Figure 16. Interface stress evolution at point A 299 

The tension force of the longitudinal reinforcement has little effect on the deformation and 300 
stress of the track slab, however, interface damage occurs between the track slab and the mortar 301 
layer when subjected to temperature gradient load after the end of tension process. For interface 302 
damage, the tension force of the longitudinal reinforcement increases the interface shear stress at the 303 
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edge of the track slab and produces a downward depressing pressure which is possible to increase 304 
the ability to resist negative temperature loads, but to reduce the ability to resist positive 305 
temperature gradient loads. Therefore, the casting of the wide joint should be carried out at the same 306 
time or as soon as possible after the longitudinal reinforcement is stretched to avoid a damage 307 
between the layers under large temperature gradient load and ensure a reliable connection between 308 
the mortar layer and the track slab. 309 

4. Check and calculation in operating period 310 
4.1 Original design check and calculation 311 

300kN prepressure is applied to the concrete at the wide and narrow joint by applying 300kN 312 
longitudinal tension force to the longitudinal reinforcement between the track slabs in the design, 313 
and the track slab is considered as continuous in the longitudinal direction. The track slab is 314 
considered as the bar fixed in beam end. Therefore, the strain of the track slab under the action of 315 
system temperature difference is: 316 

εΔt=αΔt                                      (4) 317 
The shrinkage deformation considered from 14 days to infinity of concrete is carried out 318 

according to the specification [8]. The contraction strain is: 319 
εs =-0.23                                          (5) 320 

The stress of the reinforcement under the action of live load is not taken into account but only 321 
cooling and concrete shrinkage load are considered in the calculation for the reason that the 322 
longitudinal connecting reinforcement of the track slab is placed in the middle of the track slab. The 323 
stress of reinforcement is: 324 

σs=Es·(εΔt+εs)                                (6) 325 
Where Es is elastic modulus of reinforcement. 326 
There are only six Φ 20 connecting reinforcement in the joint of the track slabs. The stress of the 327 

reinforcement at the joint and the crack width is checked and calculated according to the tensile 328 
check result of the reinforcement inside the track slab. The axial force borne by the track slab is as 329 
formula (7) under the combined action of cooling load and shrinkage load. 330 

N=σs·As                                       (7) 331 
Where As is cross-sectional area of a single connecting reinforcement. 332 
The stress of reinforcement caused by shrinkage and cooling of concrete in the future should be 333 

superimposed on the stress caused by tension of connecting reinforcement for the reason that the 334 
tension step occurred before concrete casting step. In addition, the pre-stress of the joint cannot play 335 
a role in limiting the crack width due to the fact that the joint concrete is not perfused when the 336 
tension force is applied to the connecting reinforcement. 337 

The stress of connecting reinforcement at the wide joint is: 338 
σs,c=(N+Nten)/As,all                               (8) 339 

Where As,all is total cross-sectional area of six reinforcement. Nten is tension force. 340 
The average strain of reinforcement is: 341 

εs,a=N/Es/As,all                                 (9) 342 
Crack width is checked and calculated according to the formula below: 343 

ωcr=lcr,max·(εs,a-εc,a)                                    (10) 344 
Where ωcr is calculated value of crack width, mm. lcr,max is maximum crack spacing, mm. εs,a is 345 

average strain of reinforcement. εc,a is average strain of concrete. 346 
Take the distance (650mm) between the false seam of track slab as lcr,max. As the strain of 347 

concrete is much smaller than that of reinforcement, the average strain of concrete is considered to 348 
be 0. 349 

The limiting design value of reinforcement stress is 286MPa and the crack width is 0.5mm 350 
according to the design specification [8]. The reinforcement stress is 577.6MPa and crack width is 351 
0.65mm calculated by equations (8) and (10) and both the calculation results are not meet the design 352 
requirements. 353 
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It can be seen from formula (8) that the stress value of connecting reinforcement can be reduced 354 
by reducing tensile force of connecting reinforcement. In order to reduce the crack width, the 355 
effective measures are to reduce the diameter of connecting reinforcement or to apply pre-stress to 356 
the wide joint concrete. 357 
4.2 Application of pre-stressed on post-cast concrete  358 

Temperature pre-stress loss can be occured in steam curing causes for pretensioning 359 
pre-stressed concrete for the reason that expansion of pre-stressed reinforcement with higher 360 
temperature. When the concrete compressive strength reaches a certain strength grade, as 7.5MPa to 361 
10MPa, the reinforcement and concrete are considered as a whole, which can expand and contract 362 
together without causing stress loss. But for the wide joint concrete of ballastless track, here we have 363 
a design mistake. The pre-stressed reinforcement is not loose after the casting of wide joint concrete 364 
which is different with pretensioning pre-stressed concrete, so it is not possible to generate pre-stress 365 
on the wide joint concrete. 366 

Here we propose a method of applying pre-stress to the post-pouring concrete between the old 367 
concrete reference the concept of pre-stress loss for pretensioning pre-stressed concrete.  368 

After the concrete is casting, electrode heating is applied to connecting reinforcement, which 369 
makes the temperature increase for connecting reinforcement. To makes the temperature difference 370 
between the pre-tensioned reinforcement and the cast concrete, we can apply thermal insulation 371 
material on the surface of the reinforcement. The pre-tensioned reinforcement relaxes to make the 372 
tension force decreases. When the concrete compressive strength reaches 7.5MPa to 10MPa, the 373 
concrete and tensile reinforcement will deform together. When the concrete and reinforcement 374 
resume to its initial temperature, a part of tensile force of the reinforcement will be lost and a part of 375 
pre-stress will be generated to the post-pouring concrete which the pre-stress value is equal to the 376 
lost tensile force of reinforcement. 377 
4.3 Calculation of reasonable tension value  378 

The pretension loss value is determined by the temperature difference between concrete and 379 
reinforcement when the concrete and reinforcement deforms together. The pretension decreases as 380 
formula (11) when the temperature difference is Δt. 381 

When the reinforced concrete deforms together: 382 
Nlos=ΔtαEsAs,all                                    (11) 383 

Pre-stress of concrete Npre= Nlos . 384 
At this time the stress of connecting reinforcement is: 385 

σs,c=(N+Nten-Nlos)/As,all                                   (12) 386 
The strain of connecting reinforcement is: 387 

εs,a=(N-Npre)/Es/As,all                                 (13) 388 
From equations (10), (11) and (13), it can be seen that the crack width is only related to the value 389 

of the pre-stress generated at the wide joint, while the pre-stress value is related to the temperature 390 
difference Δt inside reinforced concrete. Figure 17 shows the relationship between the crack width 391 
and temperature difference value between concrete and reinforcement. It can be seen that 392 
reinforcement and concrete temperature difference value should not be less than 29 ℃ to guarantee 393 
the crack width is less than 0.5 mm. 394 
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 395 
Figure 17. The relationship between crack width and temperature difference between concrete 396 
and reinforcement 397 

It can be seen from formula (10) and (12) that the stress of reinforcement is related to tension 398 
force and internal temperature difference between concrete and reinforcement. Figure. 18 shows the 399 
three-dimensional diagram of stress, tension of reinforcement and temperature difference. It can be 400 
seen that stress of reinforcement is directly proportional to tension force and inversely proportional 401 
to temperature difference. According to the checked results of crack width, the temperature 402 
difference value should be greater than 29 ℃, the three-dimensional figure is mapped to the tension 403 
in the Figure 18 - flat surface temperature difference value, under the condition of guaranteeing the 404 
crack width and the reinforcement stress meet the design requirements of tension and temperature 405 
range, as shown in Figure 19 shaded area. 406 

The maximum tensile force should not exceed 234kN under the condition that the crack width 407 
meets the design requirements, maximum tension force linearly increases with the rising of the 408 
reinforced concrete temperature difference. The maximum tension force should not exceed 317 kN 409 
when reinforced concrete temperature difference value is 50 ℃. 410 

 411 
Figure 18. The relationship among reinforcement stress and tension force and temperature 412 
difference value 413 

 414 
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Figure 19. Temperature and tension force range to guarantee appropriate reinforced stress and 415 
crack width 416 

Before the casting of wide-seam concrete, the track slab is in an eccentric compression state after 417 
the longitudinal reinforcing bar is stretched due to the existence of narrow joint.  418 

In order to ensure the track slab has a symmetry stress station after the casting of wide-seam 419 
concrete, the temperature increment value of the precast reinforcement should be determined 420 
according to different tensile values. 421 

The tensile force at this point is  422 
Nten= 2Nlos=2ΔtαEsAs,all                              (14) 423 

Figure 20 shows the relation between tensile force value and temperature increment value of 424 
reinforcement under the condition of ensuring that the stress of reinforcement and crack width of 425 
concrete meet the requirements and at the same time ensuring the tension force value of track slab 426 
under the symmetry pressure condition. It can be seen that tension force range is 229 kN to 240 kN 427 
and temperature difference range is 29℃ to 30.3℃ to meet the design requirements and tensile 428 
force does not cause interface failure between the track slab and the mortar layer. Due to the range of 429 
tension force value and temperature difference of reinforcement is relatively small, so it is suggested 430 
that selection of tension force value is 230 kN and temperature difference of reinforcement is 30℃ 431 
during construction. 432 

 433 
Figure 20. Reasonable tension value and temperature difference value range 434 

5. Conclusions 435 

In this paper, a cohesive zone model is introduced in a three-dimensional finite element model 436 
of CRTSII slab track and utilized to investigate the damage or delamination at the interface between 437 
track slab and CA mortar layer during the construction stage. The interface stress and damage 438 
evolution under the condition of different tension force value and temperature gradient load are 439 
analyzed. Simulation results show that interface damage is occurred under temperature gradient 440 
load at the end of track slab for large longitudinal shear stress is produced when the tension force is 441 
greater than 300kN. A method of applying pre-stress to post-pouring concrete is proposed according 442 
to the concept of pre-stress loss of pretensioning pre-stressed concrete, crack width and the 443 
reinforcement stress of the ballastless track in the operation stage were checked and calculated 444 
according to the concrete design principle. The tension value is suggested in 230 kN, meanwhile, be 445 
sure temperature difference between reinforcement and concrete value is 30℃ before initial curdle 446 
of concrete. 447 

Future developments of present work will focus on experimental verification activities in terms 448 
of applying prestressing on post concrete. A simple construction method is also needed for 449 
operating line and conduct on-site experiments and evaluation of this method. 450 
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