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Abstract: Diseases such as track slab arching and joint concrete crushing of China Railway Track System (CRTS)II slab track were caused by huge temperature force, 
which seriously threatens driving safety of trains. In this study, a longitudinal weak connection scheme of CRTSII slab track was proposed to adjust the temperature force in 
track slab and reduce diseases of longitudinal continuous track slab. This paper focuses on the cracking characteristics of the longitudinal heterogeneous concrete composite 
structure. The equation which was originally developed to calculate crack width and structure stress under temperature loads, was put forward to consider deformation 
difference of different elastic modulus. The influence law of various parameters was analyzed. The reinforcement stress and crack width of CRTSII slab track after longitudinal 
connection weakening were calculated, and the reasonable limit value of tensile force of connection reinforcement and the minimum value of bond resistance of reinforcement 
in joint position were obtained. The result shows that, in order to reduce the bond resistance between the joint material and the reinforcement, the elastic modulus of the 
elastic material should be less than 5000 MPa; in order to ensure that the reinforcement does not produce large stress, the elastic modulus of the joint should be greater 
than 1000 MPa. 
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1 INTRODUCTION 
 

CRTSⅡ slab track is a longitudinal continuous 
ballastless tracks structure which has been applied over   
9700 km (extended mileage) in China [1, 2]. CRTSⅡ slab 
track consists of rail, track slab, cement asphalt (CA) 
mortar, concrete base (support layer) from top to bottom, 
shown in Fig. 1. The design of longitudinal continuous 
ballastless tracks structure, precast concrete track slabs 
connected by six longitudinal reinforcements and joint post 
cast concrete, draws lessons from the concept of fixed area 
of CWR. It is considered that the track slab is continuous 
and uniform in the longitudinal direction, and there is no 
expansion and contraction but only temperature force 
under the action of temperature load. In fact, the wide and 
narrow joint is the weak position causing the non-uniform 
longitudinal stiffness of ballastless track [3]. Different 
degrees of diseases of ballastless track have occurred in 
operation period, such as interface damage between slab 
and CA mortar, track slab and wide and narrow joint 
cracks, track slab arching, joint concrete crushing, etc. 
[4 ,5], as shown in Fig. 1, which threaten train operation 
safety [6-9]. 
 

 
Figure 1 CRTSII slab track and on site damage: (a) track slab arching/interface 

damage, (b) joint concrete crushing, (c) joint cracks 

A number of research studies that include theoretical 
and experimental analysis have been carried out to reveal 
the disease mechanism. Cohesive zone model, fatigue 
endurance algorithm (FE-SAFE) and extended finite 
element methods (XFEM) [10-13] were introduced to 
analyse the interface damage; then interlayer mix mode 
cracking analysis model, interface fatigue model were 
developed based on cohesive model [14, 15], which can 
further reveal the mechanism of interface damage. 
Interface test of concrete-CA mortar test block [16, 17] and 
on-site full scale push slab [18] are conducted to get the 
interface parameters. The research of structural instability 
focuses on buckling stability of uniform track slab. 
Analytical method and energy method [19] were adopted 
to analyze the buckling modes and buckling loads of 
different upper arch lines. Finite ešlement model using riks 
method can consider the non-linearity between layers and 
the coupling effect with the rail [20-23]. Dai GL et al. [24] 
measured the initial strength of wide and narrow joint and 
found that the average strength of wide and narrow joints 
(45.44 MPa) is less than that of track slab (54.56 MPa). Li 
DS [25] conducted full scale test of longitudinal stiffness 
of track slab and concluded that the stiffness of wide and 
narrow joint is obviously less than that of track slab. The 
above research shows that the huge temperature force and 
joint defects are the main causes of these diseases; 
however, the current research focuses on how the disease 
is produced rather than how to solve it. 
 

 
(a) 

 
(b) 

Figure 2 Longitudinal weak connection scheme: (a) top view, (b) side view 
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In order to better solve the problems of these diseases, 
a scheme to weaken the longitudinal connection of the 
track slab is proposed to release the internal temperature 
force of track slab. In this scheme, the longitudinal track 
slab is divided into several sections by limiting measures 
such as planting reinforcement, and the wide and narrow 
joint concrete in the middle of each segment is replaced by 
the material with smaller elastic modulus, as shown in Fig. 
2, which is called longitudinal weak connection scheme. 

Longitudinal connection weakening of track slab will 
inevitably lead to non-uniformity of longitudinal stiffness 
and cause the change of track slab cracking characteristics. 
Although the problems of concrete cracking have been 
studied, most studies are restricted to longitudinal uniform 
concrete structure. For example, for concrete pavement 
structure, Vetter [26] proposed an analytical calculation 
method for crack spacing of continuously reinforced 
concrete pavement (CRCP) under temperature load and 
shrinkage load, which is the basis of reinforcement design 
and crack calculation of concrete structure. In 1993, 
American Association of State Highway and 
Transportation Officials (AASHTO) issued the guide for 
design of pavement structures [27] based on the 
observation data of test section.  Germany has carried out 
a lot of research on the temperature stress of ballastless 
track structure according to the years monitoring 
temperature statistical data of different regions, and formed 
a set of design standards for ballastless track structure [28]. 
In China, Zhao [29] studied the temperature stress method 
of ballastless track in detail, and deduced the calculation 
method of temperature stress and crack width of 
continuous ballastless track. Ren et al. [30] established a 
calculation model for crack propagation of continuously 
reinforced concrete slab based on the bond slip theory of 
reinforced concrete. 

In this study, temperature crack calculation method of 
longitudinal heterogeneous concrete composite structure 
was proposed. Then the influence law of different 
parameters was analyzed. Finally, cracking characteristics 
for longitudinal connection weakening of CRTSⅡ track 
slab were analyzed, and parameter requirements of joint 
elastic material were put forward. The result of this study 
can provide the theoretical guidance for longitudinal weak 
connection scheme of CRTSⅡ track slab design as well as 
offer a new computing method for similar problems. 
 
2 LONGITUDINAL HETEROGENEOUS CONCRETE 

COMPOSITE STRUCTURE CRACK MODEL 
 

The  longitudinal weakly connected track slab can be 
simplified as longitudinal non-uniform concrete composite 
structure, as shown in Fig. 3. The interaction force between 
the rail and track slab is much smaller than the cracking 
axial force of track slab itself, so the restraining effect of 
the rail fasteners on the track slab is ignored. 
 

 
Figure 3 Longitudinal non-uniform concrete composite structure 

 
The elastic moduli of concrete structure and elastic 

material are E1 and E2 respectively, and E1 > E2. The 
lengths of concrete structure and elastic material are l1 and 
l2 respectively. Boundary conditions are considered as 
clamped end. 

The calculation assumptions are as follows: (1) 
Ignoring the restraint effect between the track slab and CA 
motor layer. (2) Regardless of the descending stage of the 
bond slip curve, once the cracks are generated, a through 
joint will be formed. At this time, only the reinforcement 
is stressed, and the concrete stress between the cracks is 
evenly distributed on the cross-section. (3) The bond stress 
between reinforcement and concrete (elastic material) is a 
certain value, which is equal to its bond strength. fb is 
defined as the bond strength between the elastic material 
and concrete, f1 and f2 are the tensile strength of concrete 
and elastic material respectively, assuming fb < f2 < f1 for 
the reason that the bond strength of the joint is less than the 
tensile strength of the material itself in generally. 

The generation and development of cracks in non-
uniform concrete structures under tension force are shown 
in Fig. 4. The tensile stress of the structure increases with 
the increase of the axial force. When the tensile stress 
increases to the bond strength fb, cracks are generated at the 
connection position, the materials on both sides of the 
crack stops working, and all the tensile force is borne by 
the reinforcement at the cracking position. The tensile 
stress of the structure decreases due to the release of partial 
strain. With the increase of the axial force, when  reaching 
the tensile strength of elastic material, the tensile strength 
of the structure is reduced when the crack spacing at elastic 
material position is less than twice the length of the 
anchorage length of longitudinal reinforcement, new 
cracks will not be generated with the increase of load. If 
the axial force of concrete cannot reach its tensile strength 
under the action of axial force at this time, reinforcement 
stress and crack width increase rapidly with the increase of 
axial force.  In order to make that the concrete continues 
cracking under the axial force after cracking at the elastic 
material position, the stress of the concrete should be 
greater than its tensile strength, which means, the 
resistance between elastic material and reinforcement is 
greater than the axial force when the concrete generates 
cracks. When the axial load continues to increase to reach 
the tensile strength of the concrete structure, the concrete 
structure will begin to crack until a stable crack is formed. 
 

 
Figure 4 Crack development law of non-uniform track structure 

 
The deformation of reinforcement and concrete is in 
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accordance with the assumption of plane section, and the 
stress-strain ratio of reinforcement and concrete increases 
before reaching the cracking strength of concrete 
structure.The axial force is: 
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where sE  is elastic modulus of reinforcement, 1cE  and 2cE  

are elastic moduli of concrete and weak longitudinal 
connection material respectively, sA  and cA  are section 

area of reinforcement and concrete respectively,   is 

reinforcement ratio, 1n  and 2n  are  elastic moduli ratio of 

reinforcement to concrete and elastic material, 11 / cs EEn  , 

22 / cs EEn  . 

It can be seen from Eq. (1) that   111 1 cc EnA   is the 

tensile stiffness of the concrete and   222 1 cc EnA   is the 

tensile stiffness of elastic material. Strain ratio of concrete 
and elastic material under axial tension force is: 
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Reinforcement stress is relatively small when tensile 

stress of joint between concrete and elastic material reaches 
the bond strength, at this time the tension force is: 
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The interlayer crack occurs when the axial force reaches Nb 
which is the bond strength between the elastic material and 
the concrete, and it no longer conforms to the plane 
assumption for the materials near the cracked joint. With 
the axial force increasing, the stress of the reinforcement 
continues to increase, but the tensile stress of the concrete 
structure decreases, which is expressed as a peak on the 
axial force-strain diagram, as shown in Fig. 5. The axial 
force at the crack position is all borne by the reinforcement: 
 

ssss AAEN                                                                   (4) 
 

The stress increment of the reinforcement at the crack 
location is: 
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Figure 5 Axial force-strain relationship of longitudinal non-uniform track slab 

The crack development law under temperature 
dropping load is the same as that under tension force. Stress 
distribution of concrete, elastic material and reinforcement 
after cracking at the connection position is shown in Fig. 6. 
The total axial force of the structure is consistent, the strain 
of the concrete is smaller than that of the elastic material 
due to the different elastic modulus before cracking of the 
connection position under the action of temperature 
dropping load. Therefore, the axial force provided by the 
concrete reinforcement is less than the axial force of the 
reinforcement at elastic material position, and the axial 
force provided by the concrete is greater than the axial 
force provided by the elastic material. 
 

 
(a) 

 
(b) 

Figure 6 Stress distribution of structure before and after cracking: (a) Before 
structure cracking, (b) After structure cracking. ( 2c  is the stress of elastic 

material, 2s  is reinforcement stress in elastic material position, s  is 

reinforcement stress in the connection position, r1 and r2 are the average 
viscous resistance between reinforcement and concrete, elastic material 

respectively, ls1 and ls2 are anchorage length for concrete structure and elastic 
structure respectively) 

 
The total axial force is equal under the temperature 

dropping load which can be obtained as follows: 
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The strain of concrete and elastic material is: 
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Thus: 
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The stress of joint is assumed to be: 
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When bond strength is fb, Eq. (10) can be expressed 

as: 
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Average strain of concrete structure under cooling load 

T  is: 
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Average strain of elastic material is: 
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By substituting Eq. (12) and Eq. (13) into Eq. (11) , we 

obtain the temperature dropping load when the joint 
cracked. 
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where knnnnnnM )()( 12212121   . 

Average viscous resistance per unit length between 
reinforcement and concrete is: 
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where S is surface area of steel per unit length. 

For determined reinforcement ratio and reinforcement 
diameter: 
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The anchorage length of reinforcement is: 
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The calculation formula of anchorage length of 

reinforcement specified in "code for design of concrete" 
(GB 50010-2010) is: 
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Thus the bond strength between reinforcement and 

concrete is: 
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So the bond resistance per unit length between 

reinforcement and concrete can be obtained as: 
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Since the properties of the weak connection material 

cannot be determined, the bond resistance between the 
weak connection material and the reinforcement is 
assumed as 2r . 

The relationship between reinforcement stress and 
concrete stress can be obtained by strain compatibility: 
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Take reinforcement and concrete as separate research 

objects: 
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Reinforcement stress at joint position is: 
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The total length of reinforcement remains unchanged 

for the whole structure under the temperature dropping 
load with a certain elastic material and a certain length, the 
tensile length of the reinforcement is equal to the cooling 
shrinkage: 
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The change value of reinforcement at concrete position 

is: 
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And for elastic material position is: 
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Substituting Eq. (22) and Eq. (23) into Eq. (25) and 

(26), we can obtain crack spacing for concrete material and 
elastic material: 
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There will be no more new cracks when the stress 

ci  is equal to the tensile strength tif  of the material, the 

maximum crack spacings for concrete and elastic material 
are: 
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The maximum crack width at joint position is: 
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The maximum crack width of each material is: 
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The average strain of concrete and elastic material is: 

 

2,1
)(




 i
lE

ll

crici

sicrici
ci




                           

(33) 

 
Reinforcement stress is: 
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Stress of concrete and elastic material is: 

ni

si
ci 







1

                                                                   

(35) 

 
3 PARAMETER ANALYSIS 
 

The above analysis shows that the main parameters 
affecting the cracking characteristics of non-uniform 
concrete composite structures are k, n1 and n2. It can be 
seen from Eq. (14) that the corresponding temperature load 
when the connection position is cracked is proportional to 
the cracking strength and reinforcement ratio, and 
inversely proportional to the elastic modulus of the 
reinforcement. Fig. 7 shows the relationship between k and 
temperature load when the connection position is cracked. 
It can be seen that when k is less than 3, as k increases, the 
temperature load decreases rapidly, and when k is greater 
than 3, the decreasing trend slows down gradually. It shows 
that the longer the length of the concrete, the more likely 
the connection position is to crack; when the ratio of 
concrete length to elastic material length is greater than 3, 
cracking temperature is close to that of pure concrete 
structure. Fig. 8 is the relationship between n1, n2 and 
cracking temperature of connection position, ni is 
proportional to the cracking temperature; the larger the 
value of n1 and n2, which means the smaller the elastic 
modulus of concrete and elastic material, the connection 
position is less likely to crack. The greater the overall 
rigidity of the concrete and the elastic material, the easier 
it is to crack. 

 

 
Figure 7 Relationship between k and T  

 

 
Figure 8 Relationship between n1, n2 and T  

 
According to Eq. (29) and Eq. (30), it can be seen that 

the maximum crack distance is related to the temperature 
dropping load value and significantly impacted by the 
elastic modulus of the material. The relationship between 
the maximum crack spacing and the temperature dropping 
load when the elastic modulus of the material is constant is 
analyzed. As shown in Fig. 9, k, which represents the ratio 



Long CHEN et al.: Study on Temperature Force Control Mechanism of CRTSⅡ Slab Track: Control Conditions of Temperature Cracking 

Tehnički vjesnik 29, 6(2022), 2048-2057                                                                                                                                                                                                       2053 

of l1 to l2, has little effect on the maximum crack spacing. 
Assuming that the temperature dropping load is a constant 
value, the relationship between different material elastic 
modulus and the maximum crack width is analyzed, as 
shown in Fig. 10. The maximum crack spacing of concrete 
and elastic material is related to elastic modulus ratio of 
concrete to elastic material. A larger elastic modulus ratio 
will lead to a larger concrete crack spacing, but a smaller 
elastic material crack spacing, therefore, the elastic 
modulus ratio can be determined by the crack spacing 
index of different materials. 
 

 
Figure 9 Relationship between cooling load and maximum crack spacing 

 

 
(a) 

 
(b) 

Figure 10 Relationship between n1, n2 and maximum crack spacing: (a) Crack 
spacing of track slab, (b) Crack spacing of elastic material. 

 
4 EXAMPLES 
4.1 Calculation Conditions and Parameters 
 

The length of connection position l2 is 0.15 m and the 
length of track slab l1 is 6.25 m for CRTSⅡ slab ballastless 
track. Reinforcement ratio of track slab (ρ1) is analyzed as 
0.75% according to design drawing. Reinforcement ratio 
of connection position is 0.0062% which is analyzed by   
six Φ 20 longitudinal reinforcement. The elastic modulus 
for reinforcement and track slab is 2.05 × 1011 Pa and      
3.55 × 1010 Pa, respectively. The elastic models for 
connection position ranges from 108 Pa to 3.55 × 1010 Pa. 
αs is 1.6 and reinforcement diameter is 0.01m for track slab, 
tensile strength of track slab concrete is 1.96 MPa. CRTSⅡ 
slab ballastless track has been in operation for many years, 
so the shrinkage load of concrete is not in consideration 

and temperature dropping load is considered as −40 ℃. 
Specific parameters are shown in Tab. 1. 
 

Table 1 Calculation parameters of CRTSⅡslab ballastless track 
Parameter l1 / m l2 / m Es / MPa Ec1 / MPa Ec2 / MPa 
Value 6.25 0.15 205000 35500 100 ~ 35500 
Parameter ρ1 / % ρ2 / % αs

 ds
 ft1

 

Value 0.75 0.006 1.6 0.01 1.96 

 
4.2 Initial Crack Analysis 
 

With the decrease of temperature,crack first occurs at 
the joint position. According to the Eq. (32), initial crack 
temperature can be obtained for difference bonding 
strength and difference connection elastic modulus which 
are shown in Tab. 2. The max initial crack temperature is 
31.92 ℃ when bonding strength is 4 MPa and connection 
position elastic modulus is 100 MPa which shows the crack 
occurring at joint position is inevitable. 
 
Table 2 Cracking temperature corresponding to different elastic modulus (−℃) 

Tensile 
strength of 
joint / MPa 

Elastic modulus of elastic material / MPa 

100 1000 5000 10000 20000 30000 35500 

2 15.9 10.5 6.95 6.22 5.82 5.68 5.63 
3 23.9 15.8 10.4 9.34 8.73 8.52 8.45 
4 31.9 21.1 13.9 12.5 11.6 11.4 11.3 

 
The length of connection position is just 0.15 m, which 

is far less than the minimum cracking spacing calculated 
for concrete structure, therefore, it can be considered that 
the cracking spacing at connection position is equal to the 
connection position length, 2llm  , and anchorage length 

of reinforcement is equal to the length of connection 
position length, 22 lll ms  . Assuming that the resistance 

per unit length of reinforcement at connection position is 

2r , to guarantee the track slab concrete will continue to 

crack under temperature dropping load after the joint crack 
occurred, the resistance provided by the connection 
position after the joint cracks is greater than the axial force 
of the track slab cracking: 
 

2

11
2

s

ct

l

Af
r                                                                        (36) 

 
The minimum resistance is 6.664 × 106 N/m. 
Connection position generates stable cracks when the 

resistance per unit length of reinforcement is smaller than 
6.664 × 106 N/m. After cracks of elastic material occur, the 
decrease of temperature load leads to the rapid increase of 
reinforcement stress and crack width at elastic material 
position. 

The corresponding critical temperature dropping load 
is: 
 

)( 122

22

nnMAE

Mlr
T

cc 
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

                                          

(37) 

 
Fig. 11 shows the relationship between 2r , 2cE  and 

T . Critical temperature dropping load value is large 
when the modulus of elastic material is small. The range of 
temperature dropping value given in Fig. 10 is 0 ~ −60 ℃ 
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to make the statement clearer. When the elastic modulus of 
elastic material is greater than 10000 MPa, the cooling load 
value increases gradually with the decrease of elastic 
modulus, but the amplitude is very small. When the elastic 
modulus is less than 10000 MPa, the temperature dropping 
load value increases rapidly with the decrease of elastic 
modulus. The relationship between resistance value and 
temperature dropping load value is similar to the 
relationship between elastic modulus of elastic material 
and temperature dropping load value; the smaller the 
elastic modulus of elastic material, the larger the amplitude 
of temperature dropping load value caused by the change 
of resistance value. According to the junction position of 
two curved surfaces in the figure, the minimum resistance 
value corresponding to the different elastic modulus of 
elastic material can be obtained when the temperature 
dropping load value is 40 ℃, as shown in Tab. 3. In order 
not to produce stable cracks, the elastic modulus of elastic 
material should be less than 10000 MPa when the 
resistance value is critical resistance. 
 

 
Figure 11 Relationship among r2, Ec2 and cooling load 

 
Table 3 Minimum resistance value between reinforcement and elastic material 

without stable crack 
Ec2 / MPa r2 / N 

100 8.96 × 104 
1000 1.03 × 106 
5000 6.12 × 106 

 
When r2 > 6.664 × 106 N/m and only connection 

position cracks, crack width with different elastic modules 
of elastic material in −40 ℃ of temperature dropping load 
can be obtained according to Eq. (32) and is shown in      
Fig. 12. The calculation result shows that the smaller the 
elastic modulus of elastic material and the lager the crack 
spacing the lager the crack width in connection position. 
The crack width is about 0.1 mm when elastic modulus of 
elastic material is equal to concrete elastic modulus.  
 

 
Figure 12 Crack width of different crack spacing at connection position 

 

The crack width is 1.5 mm which cannot meet the 
design requirements when the crack spacing is 13m and 
elastic modulus of elastic material is 100 MPa. 
 
4.3 Crack Analysis of Track Slab After Cracking 
 

Track slab cracks begin to occur after the connection 
position cracks with the increase of axial force and 
gradually develop into stable cracks. As the track slab is 
provided with pre-cracks to guide the development of 
cracks, crack spacing can be taken as the width between 
two pre-cracks, ml  = 0.65 m. Crack width of connection 

position and track slab can be obtained according to          
Eq. (31) and Eq. (32) respectively, the result is shown in 
Fig. 13. The crack width of track slab decreases with the 
decrease of elastic modulus of elastic material, the crack 
width of track slab is 0.14 mm and the crack width at the 
connection position is 0.03 mm when the elastic modulus 
of elastic material is 35500 MPa. The crack width at the 
connection position increases with the decrease of elastic 
modulus of elastic material, but the range of change is very 
small, the maximum crack width and minimum crack 
width are 0.1 mm and 0.092 mm respectively. Therefore, 
the decrease of elastic modulus of elastic material can 
effectively reduce the crack width of track slab. 

The structure stress which is shown in Fig. 14 and        
Fig. 15 with −40 ℃ of temperature dropping load can be 
calculated according to Eq. (35) and Eq. (36). The stress of 
track slab reinforcement gradually increases from 3.3 MPa 
to 60 MPa with the increase of elastic modulus. 
 

 
Figure 13 Crack width of track slab and joint position 

 

 
Figure 14 Reinforcement stress 

 
However, with the increase of elastic modulus, the 

reinforcement stress in elastic material position decreases 
from 305.5 MPa to 60 MPa gradually; the calculated value 
of reinforcement stress is 286 MPa, which does not meet 
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the design requirements when the elastic modulus of elastic 
material is 100 MPa. The stress of track slab concrete 
increases from 0.024 MPa to 0.432 MPa gradually with the 
increase of elastic modulus. The material stress of elastic 
material is very small, which is reduced from 0.016 MPa 
to 0.004 MPa. 
 

 
Figure 15 Stress of track slab and elastic material 

After the track slab cracks, the overall tensile stiffness 
decreases. Research shows that under the common crack 
spacing of 1 ~ 2 m, the reduced stiffness after cracking is 
about 2 ~ 3 times that of the design stiffness of the track 
slab. Now take the stiffness reduction factor of 0.5 to 
calculate the crack width and reinforcement stress. The 
comparison results are shown in Tab. 4. It can be seen that 
when the reduction factor is 0.5, the crack width of track 
slab increases slightly, but it is far less than the calculated 
value. The reinforcement stress in elastic material position 
is reduced by about 40 MPa. The results show that the 
calculated results according to the design elastic modulus 
of track slab are conservative. 

 
Table 4 Comparison of reinforcement stress and crack width with different stiffness reduction factor 

Elastic modulus 
of joint / MPa 

Reinforcement stress in track 
slab position / MPa 

Reinforcement stress in joint 
position / MPa 

Crack width at joint position / 
mm 

Crack width of track slab / mm 

Reduction 
factor 1 

Reduction 
factor 0.5 

Reduction 
factor 1 

Reduction 
factor 0.5 

Reduction 
factor 1 

Reduction 
factor 0.5 

Reduction 
factor 1 

Reduction 
factor 0.5 

100 3.34 6.34 305.5 292.5 0.105 0.105 0.008 0.015 
1000 9.98 17.48 276.7 244.2 0.1 0.102 0.024 0.042 
5000 28.8 41.32 195.1 140.9 0.099 0.096 0.069 0.099 
10000 40.97 52.58 142.48 92.17 0.096 0.093 0.098 0.126 
20000 52.48 61.27 92.57 54.48 0.093 0.091 0.13 0.147 
35500 60 66.2 60 33.3 0.092 0.09 0.14 0.158 

4.4 Analysis of Reasonable Tensile Force Value 
 

Longitudinal connection reinforcement at elastic 
material position needs to be tensed during the construction 
process. When considering the tensile force of 
reinforcement, the stress of reinforcement at weak 
connection position should be: 
 

s

z
szs A

N
 2,                                                                 (38) 

 
The calculated value of reinforcement stress is            

286 MPa. According to Eq. (38), the maximum tensile 
force of each reinforcement corresponding to different 
elastic modulus of elastic material can be obtained, as 
shown in Tab. 5. 
 

Table 5 The maximum tensile force corresponding to steel stress checking 
Elastic modulus of elastic 

material / MPa 
Maximum tensile force of 

longitudinal reinforcement / kN 
100 - 
1000 2.92 
5000 28.4 
10000 45.1 
20000 60.7 
35500 70.9 

 
After applying Nz tensile force to each connection 

reinforcement, the track slab is subjected to 6Nz (there are 
6 connection reinforcements in total) tensile force, which 
is equivalent to temperature dropping load: 

)1(

6

111 


 nE

N
T

c

z
z                                                         (39) 

 
The track slab crack width is: 

 

 111,1 ])[( czcrzcr TTlw                      (40) 

 
The relationship between tensile force value and crack 

width of track slab can be obtained by Eq. (39) and            
Eq. (40), as shown in Tab. 6. The maximum tensile force 
of each reinforcement corresponding to different elastic 
modulus can be obtained when the crack width zcrw ,1  is    

0.5 mm (maximum crack width specified in the 
specification). 
 

Table 6 The maximum tensile force corresponding to crack width checking 
Elastic modulus of elastic 

material / MPa 
Maximum tensile force of 

longitudinal reinforcement / kN 
100 53.7 

1000 51 
5000 46.2 
10000 42.8 
20000 39.7 
35500 38.7 

 
The maximum tensile force value corresponding to 

different elastic modulus can be obtained by taking the 
minimum value of tensile force in Tab. 5 and Tab. 6, as 
shown in Tab. 7. It can be seen that when the elastic 
modulus of elastic material is less than 10000 MPa, the 
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maximum tensile force value is controlled by the stress of 
reinforcement in elastic material position, but when the 
elastic modulus is greater than 10000 MPa, the tensile force 
value is controlled by the crack width of track slab. 
 
Table 7 Maximum tensile force limit of longitudinal reinforcement corresponding 

to different joint elastic modulus 
Elastic modulus of elastic 

material / MPa 
Maximum tensile force of 

longitudinal reinforcement / kN 
100 - 
1000 2.92 
5000 28.4 
10000 42.8 
20000 39.7 
35500 38.7 

 
5 CONCLUSIONS 
 

In this paper a longitudinal connection weakening 
scheme of CRTSⅡ slab track was proposed to reduce 
arching disease of track slab. The calculation method of 
cracks and temperature force of longitudinal 
heterogeneous concrete composite structure was put 
forward. The influence law of various parameters was 
analyzed. The reinforcement stress and crack width of 
CRTSⅡ slab track after longitudinal connection weakening 
are calculated, and the reasonable limit value of tensile 
force of connection reinforcement and the minimum value 
of bond resistance of reinforcement in elastic position are 
obtained. Specific conclusions are as follows: 

(1) For longitudinal heterogeneous track slab concrete 
composite structure, when the connection position cracks, 
the longer the elastic material length, the less likely the 
joint position is to crack. When the ratio of elastic material 
length to concrete length is greater than 1/3, the cracking 
temperature will be significantly increased. The larger the 
overall stiffness ratio between track slab and elastic 
material, the easier the joint position is to crack. 

(2) For CRTSII slab track structure, the track slab will 
crack only when the bonding resistance per unit length 
between reinforcement and elastic material is larger than 
6.664 × 106 N/m. 

(3) When the bonding resistance between 
reinforcement and elastic material is large enough, the 
smaller the elastic modulus, the larger the crack width, the 
larger the crack spacing and the larger the crack width. 
Under normal working conditions, that is, when the elastic 
modulus of weak connection position is equal to the elastic 
modulus of track slab, the crack width is about 0.1 mm. 
When the crack spacing is 6.25 m and 13 m, the maximum 
crack width is 0.83 mm and 1.5 mm respectively, which 
cannot meet the design requirements. When the maximum 
crack spacing is 3 m, the maximum crack width does not 
exceed 0.5 mm, which can meet the design requirements. 

(4) After the track slab cracks, the decrease of elastic 
modulus of elastic material can effectively reduce the crack 
width of track slab, but increase reinforcement stress at 
elastic material position. When the elastic modulus of 
elastic material is less than 100 MPa, the reinforcement 
stress is 306 MPa, which cannot meet the design 
requirements. 
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