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Abstract: Joints in cement concrete pavements frequently contribute to decreased ride quality, accelerated pavement 
deterioration, and complex maintenance procedures. To mitigate these issues, this study proposes the use of 
engineered cementitious composites (ECC) as connectors at pavement joints, creating a jointless cement 
concrete pavement (JCCP) system. A finite element model was developed to evaluate the structural 
performance of JCCP, taking into account variables such as vehicle loading, width and thickness of ECC 
connector dimensions. The mechanical behavior of the JCCP under combined loading and temperature-
induced stresses was analyzed, and the critical load position was identified. The results reveal that the most 
critical load position occurs directly above the induced crack in the pavement. The integration of ECC 
connecting elements reduced the maximum tensile stress at the base of the pavement by nearly 50%. Based 
on these findings, it is recommended to utilize ECC connectors with a width of 30 cm, and a thickness equal 
to 50% of the pavement slab’s thickness. 

1 INTRODUCTION 

Compared to asphalt pavements, cement concrete 
pavements have several advantages, including lower 
construction costs, higher stiffness, longer service 
life, and better stability (Plati 2019). However, the 
application of cement concrete pavements in high-
class highways has been declining due to the negative 
impacts of joints, such as poor ride quality, increased 
susceptibility to pavement distresses, and difficult 
maintenance. To address these limitations, 
optimizing the joint design of cement concrete 
pavements, reducing the number of joints, and even 
achieving jointless constructions can significantly 
improve pavement performance and promote the 
wider adoption of cement concrete pavements in 
high-class highways. 

To mitigate cracking induced by temperature and 
shrinkage stresses in concrete pavements, equally 
spaced transverse and longitudinal joints are typically 
constructed to accommodate these stresses (Das et al., 
2020). Joints are critical components of concrete 

 
a  https://orcid.org/0009-0000-9338-1508 
b  https://orcid.org/0009-0004-5745-0341 

pavements but are also the weakest points, prone to 
failures such as slab pumping, faulting, and spalling. 
Existing research has demonstrated that the majority 
of distress in concrete pavements is concentrated 
around joint edges, particularly at the corners where 
transverse and longitudinal joints intersect. Existing 
measures to mitigate the adverse effects of joints 
primarily involve regular cleaning and maintenance 
of the pavement surface and joints, especially during 
the early stages of service life. However, these 
measures can only delay the onset of joint-related 
distress and do not fundamentally eliminate the 
negative impacts of joints. 

Engineered Cementitious Composites (ECC) 
exhibit exceptional ductility and toughness, with 
ultimate tensile strains reaching 3-8%, which is 300-
800 times that of ordinary concrete (Li 1993). This 
superior deformability makes ECC an excellent 
candidate for accommodating deformations in 
concrete pavements induced by temperature 
variations (Arce et al., 2021). Moreover, ECC 
possesses outstanding crack control capabilities, 
dispersing single cracks in ordinary concrete into 
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multiple microcracks with widths less than 100 μm, 
and exhibiting self-healing properties (Shi et al., 
2017). The ultra-high toughness, high tensile strain 
capacity, and superior crack resistance of ECC enable 
it to absorb the deformations caused by thermal 
stresses in concrete pavements (Singh et al., 2019) By 
undergoing tensile and compressive deformations, 
ECC can accommodate structural deformations 
resulting from temperature changes. Additionally, 
the exceptional ductility and multiple cracking 
characteristics of ECC effectively inhibit and delay 
the initiation and propagation of cracks in concrete 
pavements, thereby prolonging the service life of the 
entire pavement structure (Ismail et al., 2018). Zhang 
et al. (Zhang et al., 2017; Zhang et al., 2013) explored 
the performance of jointless concrete pavements and 
found that ECC could continue to transmit forces 
even after cracking. Although a limited number of 
studies have been conducted on the application of 
ECC in jointless concrete pavements in China (Cao 
2021), specific structural design parameters for ECC 
have not been clearly established, and corresponding 
design methods are lacking. This paper develops a 
finite element model of a jointless concrete pavement 
structure, considering the effects of loading and 
temperature stresses, to investigate and analyze the 
mechanical response of the pavement structure under 
various ECC connecting segment widths and 
thicknesses. The objective is to determine the optimal 
design parameters for ECC connecting segments in 
jointless concrete pavements and to optimize the 
design of jointless concrete pavement structures. 

2 PAVEMENT STRUCTURE AND 
MATERIALS 

This paper establishes two types of pavement 
structures: jointed plain concrete pavement (JPCP) 
and jointless cement concrete pavement (JCCP). 
Appropriate pavement materials were selected, and 
ECC were prepared for use in the corresponding 
pavement structures. 

2.1 JPCP 

As shown in Figure 1(a), the JPCP structure consists 
of a subgrade, a base course, and a surface course. As 
illustrated in Figure 1(b), the surface course is 
composed of nine 5 m×4 m×0.28 m concrete slabs 
joined together with a 6 mm joint spacing. The base 
course consists of a 0.36 m thick cement-stabilized 
base layer. 

 
(a) Pavement structure diagram 

 
(b) Plan view of pavement structure 

Figure 1: JPCP structure. 

2.2 JCCP 

As shown in Figure 2 (a), the JCCP structure is 
developed based on the JPCP structure by replacing 
the traditional joints with ECC transition zones. An 
induced crack is set directly below the ECC transition 
zone, with the transfer bar located at the middle of the 
induced crack and the anchorage steel bars located at 
the middle of the interface between the ECC 
transition zone and the concrete slab. Figure 2 (b) is 
a plan view of the JCCP structure, where both 
transverse and longitudinal joints are replaced by 
ECC transition zones. 

 
(a) Pavement structure diagram 

 
(b) Plan view of pavement structure 

Figure 2: JCCP structure. 
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2.3 Pavement Materials 

C50 concrete was selected as the cement concrete 
surface layer material for both pavement structures, 
while ECC material was prepared for the ECC 
transition zone of the JCCP structure. The raw 
materials for ECC included cement, fly ash, silica 
sand, water reducer, and polyethylene (PE) fiber. 
Four-point bending tests and elastic modulus tests 
were conducted to determine the flexural strength of 
C50 and ECC, which were found to be 5.1MPa and 
20.0MPa, respectively. The elastic modulus of C50 
and ECC were 36100MPa and 29800MPa, 
respectively, and the subgrade reaction modulus was 
60MN/m³. The pavement materials parameters are 
shown in Table 1. 

Table 1: Pavement material parameters. 

Materi
als 

Flex
ural 
stren
gth
（

MPa
） 

Elasti
c 

modu
lus（
MPa
） 

Poiss
on's 
ratio 

Dens
ity（
kg/m
³） 

Thick
ness
（m
） 

Concre
te 5.1 3610

0 0.15 2800 0.28 

ECC 
Transit

ion 
zone 

20.0 2980
0 0.15 2000 0.14 

Cemen
t-

stabiliz
ed 

base 

/ 1800 0.25 2200 0.36 

Transf
er and 
Tie bar 
Ancho
rage 
steel 
bar 

/ 2000
00 0.3 7850 / 

Subgra
de Reaction modulus: 60（MN/m³） 

3 FINITE ELEMENT MODEL 
ESTABLISHMENT AND 
VERIFICATION 

3.1 Establishment and Mechanical 
Responses Analysis of Two 
Pavement Models 

In this paper, two pavement structure models were 
established using ABAQUS software to simulate and 
analyze the mechanical response of the pavement 
under load and temperature. As shown in Figures 3 
(a) and (b), nine concrete slabs were set up in the 
ABAQUS finite element model.  

 
(a) Model of JPCP 

 
(b) Model of JCCP 

Figure 3: Finite element model of the pavement structure. 

This study used a typical winter day in Xi’an with 
a significant temperature gradient as a reference to 
establish temperature field conditions for the two 
pavement models (Wu 1992). The temperature field 
was defined based on the temperature distribution at 
various depths at the time of the lowest daily 
temperature. Figure 4 illustrates the temperature 
distribution at different depths at the moment of the 
lowest daily temperature. 
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Figure 4: Minimum temperature at various depths in Xi’an. 

In this study, a single-axle dual-wheel assembly 
load was applied, with axle loads of 100kN, 150kN, 
and 180kN, respectively. These axle loads were 
converted into rectangular uniformly distributed 
loads as shown in Figure 5. There were two wheels 
on each side, with a center-to-center spacing of 
0.32m. The contact area of the wheel load was 
simplified as 0.23m × 0.16m. 

 
Figure 5: Distribution of vehicle load on the pavement 
(unit: m). 

3.2 Stress Responses in JPCP 

Based on the pavement structure and material 
parameters in Section 2, the load stress and 
temperature stress of ordinary Portland cement 
concrete pavement are calculated. First, the stress in 
the pavement slab under different axle loads was 
calculated. Since the lower layer is made of cement-
stabilized gravel, there is no need to calculate its load 
stress. Only the load stress of the upper cement slab 
under the design load is calculated, which is obtained 
from Equation 1: 

3
0.65 2 0.94

p g c
b

c

1.45 10 r h PD1
D

−
−×σ =

+
                             (1) 

where pσ  is the stress due to load, bD  is the flexural 

rigidity of the lower plate, cD  is the flexural rigidity 
of the upper plate, gr  is the total relative stiffness 

radius of the two-layer plate, ch  is the flexural 
thickness of the upper plate, and P  is the design 
load. 

The maximum temperature stress in the concrete 
pavement slab under the maximum temperature 
gradient is calculated as shown in Equation 2: 

c c c g
t,max L

E h T
B

2
α

σ =                                  (2) 

where cα  is the coefficient of linear thermal 
expansion of concrete, cE  is the modulus of 
elasticity of the upper plate, gT  is the maximum 

temperature gradient, and LB  is the temperature 
stress coefficient considering both temperature 
warping stress and internal stress. 

Equation 3 gives the calculated temperature 
fatigue stress at the critical load position of the 
surface layer. 

tr t t ,maxkσ = σ                                            (3) 

where tk  is defined as the temperature fatigue stress 
coefficient. 

The theoretical calculation results of load stress 
and temperature stress for JPCP are presented in 
Table 2. 

Table 2: Theoretical calculation results of JPCP stress 
response (Unit: MPa). 

Theoretical 
Calculation 
Results of 

JPCP Stress 
Response 

load stress 
100kN 1.501 
150kN 2.198 
180kN 2.609 

temperature 
stress 

thermal 
fatigue 
stress 

0.306 

maximum 
thermal 
warping 

stress 

1.101 

3.3 Finite Element Model Verification 

A comparison between the finite element simulation 
results and theoretical calculation results of JPCP 
under load stress is presented in Table 3. The 
maximum error between the two is 6.48%. Therefore, 
the finite element model established in this paper is 
reasonable and feasible. 

Table 3: Comparison of finite element simulation and 
theoretical calculation results for JPCP. 

Axle 
load 

Theoretical 
calculated 

value (MPa) 

Finite 
element 

simulation 
value (MPa) 

Error 
(%) 
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100kN 1.501 1.490 0.73 
150kN 2.198 2.122 3.46 
180kN 2.609 2.440 6.48 

4 INFLUENCE OF STRUCTURAL 
DESIGN PARAMETERS OF 
ECC JOINTS ON 
MECHANICAL RESPONSE 

4.1 Determination of Critical Load 
Position 

The critical load position for JPCP is at the mid-span 
of the longitudinal joint, according to the design 
code. However, as a novel pavement structure, the 
critical load position of JCCP needs to be determined. 
In this study, a JCCP structure with an ECC joint 
width of 50 cm and thickness of 14 cm is taken as an 
example to analyze the stress response of JCCP under 
loads applied at five different positions. The five load 
positions are as follows: (a) load at the mid-span of 
the long side of the concrete slab, as shown in Figure 
6(a); (b) load at the corner of the concrete slab, as 
shown in Figure 6(b); (c) load directly above the 
induced crack, as shown in Figure 6(c); (d) load at the 
mid-span of the ECC joint, as shown in Figure 6(d); 
(e) load on both sides directly above the induced 
crack, as shown in Figure 6(e). 

(a) At mid-span of the 
long side  (b) At the corner 

(c)  Directly above the 
induced joint 

(d) At the mid-span of 
the ECC joint

 
(e) Both sides directly above the induced crack

Figure 6: Different load positions. 

The influence of different load positions on the 
maximum tensile stress in each structural layer is 
shown in Table 4 based on finite element simulation 
results. 

Table 4: Maximum tensile stress values in different load 
positions. (unit: MPa). 

Load 
positions 

Cement 
concret
e slab 

Base 
course 

EC
C 

join
t 

Re
bar 

(a) At the 
mid-span of 
the long side 

of the 
concrete 

slab

0.757 0.057 0.45
6 

8.0
23 

(b) At the 
corner of the 

concrete 
slab

0.764 0.060 0.46
5 

8.6
38 

(c) Load 
directly 

above the 
induced 
crack

0.767 0.063 0.59
1 

14.
811 

(d) Load at 
the mid-

span of the 
ECC joint

0.725 0.056 0.51
6 

18.
210 

(e) Load on 
both sides 
directly 

above the 
induced 
crack

0.725 0.045 0.21
7 

7.1
15 

 
The maximum tensile stress at the bottom of the 

JCCP surface layer is only about 50% of that of the 
JPCP. Tensile stresses at the bottom of each layer 
reach their maximum when the load is applied 
directly above the center of the induced crack. The 
maximum tensile stress at the bottom of the surface 
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layer under this condition is 0.767MPa. Conversely, 
the minimum tensile stresses in each layer occur 
when the load is applied on both sides directly above 
the induced crack. Therefore, the critical load 
position of the JCCP is determined to be directly 
above the center of the induced crack. 

4.2 Determination of Width of ECC 
Joint 

To investigate the influence of ECC joint width on 
the stress response of JCCP, the ECC joint widths 
were varied as 5cm, 10cm, 15cm, 20cm, 30cm, 40cm, 
50cm, and 60cm. The upper width of the ordinary 
concrete section varied accordingly, while the lower 
part remained constant at 5m×4m. The thickness of 
the ECC joint was still half of the surface slab. Figure 
7 shows the variation of maximum tensile stress at 
the bottom of the slab for different ECC joint widths. 

 
Figure 7: Influence of ECC joint width on maximum tensile 
stress at the slab bottom. 

As shown in Figure 7, the maximum tensile stress 
at the bottom of the slab initially decreases and then 
increases with the increase of ECC joint width. The 
minimum value of 0.737MPa is obtained when the 
width is 15cm. When the ECC joint width is 40cm, 
the maximum tensile stress at the bottom of the slab 
increases abnormally, which is because the first 
wheel on the left side of the single-axle dual-wheel 
load in the driving direction acts entirely on the ECC 
joint at this time, but its stress is 0.825MPa, which is 
still less than that of JPCP. 

In addition, concrete slabs are subjected to 
temperature and shrinkage deformations. To prevent 
cracking, joints are usually required in JPCP. For 
JCCP, ECC has excellent ductility and deformability. 
It is required that the ECC joint at the joint position 
can absorb the tensile strain caused by temperature 
and shrinkage deformation of the slab. Therefore, 

when determining the width of the ECC joint, it is 
necessary to ensure that the ultimate tensile strain of 
ECC is not less than the required value of the overall 
tensile strain of the slab. The required value of the 
overall tensile strain of the slab can be calculated 
theoretically and is related to temperature and 
concrete shrinkage deformation, as shown in 
Equation 4. 

R T shTε = α Δ + ε                                              (4) 
where Rε  is the required tensile strain of the entire 
pavement slab, Tα  is the thermal expansion 
coefficient of concrete, typically taken as 0.001%/°C, 

TΔ  is the annual temperature difference (about 40°C 
in Xi'an), and shε  is the concrete shrinkage strain, 
typically 0.06%. The calculated value of Rε  is 
0.10%. 

The overall strain capacity of the pavement slab 
in the longitudinal direction under uniaxial tension is 
given by Equation 5. 

c

L L
L L

   
ε = ε + ε   

   
Ⅰ Ⅱ

Ⅰ Ⅱ                    (5) 

where εⅠ is the ultimate tensile strain of ECC, εⅡ  is 
the strain of concrete under the corresponding axial 
tensile load, L  is the length of the pavement slab, 
and L and LⅠ Ⅱ  are the lengths of the ECC and 
concrete sections, respectively. 

Both the ultimate tensile strain and width of the 
ECC joint can enhance the overall deformation 
capacity of the slab. For a 5m long slab, a 
conservative value of 1.5% is adopted for the ultimate 
tensile strain of the ECC joint, while the strain of 
concrete under corresponding axial tensile load is 
obtained from experiments and is taken as 0.01% in 
this case. Substituting the required strain value 
obtained from the above equation into the overall 
deformation capacity, we finally obtain: 
L 268.46mm L 4731.54mm= =Ⅰ Ⅱ、 .Considering 
the calculation results and a certain safety factor, as 
well as construction convenience, the width of the 
ECC joint for a 5.0m long slab is determined to be 
300mm. 

4.3 Determination of Thickness of 
ECC Joint 

To investigate the influence of ECC joint thickness 
on the stress response of JCCP, the ECC joint 
thickness was varied as 25%, 40%, 50%, 60%, and 
75% of the pavement slab thickness. Figure 8 
illustrates the variation of maximum tensile stress at 
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the bottom of the slab for different ECC joint 
thicknesses. 

 
Figure 8: Influence of ECC joint thickness on maximum 
tensile stress at the slab bottom. 

As shown in the Figure 8, the maximum tensile 
stress at the bottom of the slab decreases with the 
increase in the thickness ratio of the ECC joint. After 
the thickness ratio reaches 50%, the change in the 
maximum tensile stress at the bottom of the slab 
becomes insignificant. The selection of ECC joint 
thickness should also consider the diameter of the 
anchor bars, force transfer bars, and tension bars, as 
well as the concrete cover thickness. For the JCCP 
structure proposed in this paper, it is recommended to 
select an ECC joint thickness ratio of 50%. 

5 CONCLUSIONS 

In this study, a jointless concrete pavement with an 
engineered cementitious composite (JCCP) was 
designed, and a finite element model of the JCCP 
structure was established. Considering the effects of 
load stress and temperature stress, the influence of 
vehicle load, ECC joint width, and thickness on the 
mechanical response of JCCP was investigated and 
analyzed, and the JCCP structure was optimized. 
(1) Compared with JPCP, the maximum tensile 

stress at the bottom of the JCCP surface layer is 
only about 50% of that of JPCP, indicating that 
JCCP can effectively reduce the stress in the 
concrete slab. 

(2) By comparing the stress responses of JCCP 
under different load positions, it was 
determined that the critical load position of 
JCCP is the middle of the slab directly above the 
induced crack. 

(3) For the JCCP structure proposed in this paper, it 
is recommended that the width of the ECC joint 

be 30 cm, and the thickness be 50% of the 
pavement slab thickness. 
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