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Abstract: As a special concrete pavement, the prefabricated prestressed concrete 

pavement has a broad application prospect in the airport project. The finite element 

model is used to analyze the bearing capacity of the assembled prestressed concrete 

airport pavement, and the factors that affect the bearing capacity are studied. The data 

show that the thickness of the plate has the greatest influence on the bearing capacity. 

Increasing the combination of the surface layer and the base course and improving the 

elastic modulus of the base can effectively improve the bearing capacity of the 

pavement. When the prestress is 2MPa, the loading performance of the pavement is 

the best, and the influence degree of the elastic modulus of the surface is the least. 

Therefore, in the design and construction of the prestressed concrete pavement of the 

assembly airport, the reasonable structural parameters should be chosen. 

 

Keywords: bearing capacity, prestressed concrete, airport pavement, thickness of the 

plate 

 

1. Introduction 

The prestressing concrete pavement panel of the assembly airport is made by the 

factory, and the concrete airport pavement is assembled at the base. This road surface 

is applied in some developed countries because of its high strength, high bearing 

capacity and fast construction speed. From the research results of scholars at home 

and abroad, the prestressed pavement has the following advantages [1, 2]: (1) It can 

effectively reduce the design thickness, which is 40% to 60% of the ordinary pavement 

thickness; (2) It can obviously improve the durability of the pavement, and its service 

life is 5~8 times that of the traditional concrete pavement; (3) The joints between 

boards can be effectively reduced for the dimensions of prestressed concrete pavement 

panels can be longer, and the comfort and smoothness of pavement can be improved; 
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(4) The prestressed concrete pavement can not only effectively reduce the 

construction funds, but also the peacetime maintenance funds are less. 

At present, there are few studies on the research of prefabricated prestressed concrete 

airport pavement. Prestressed airport pavement can improve the traditional airport 

concrete pavement, it can not only meet the growing demand of flight, and can prolong 

the service life of the runway, so it is necessary to carry out the assembly type 

prestressed concrete pavement of airport. 

The change of pavement structure parameters has a direct impact on the bearing 

capacity of pavement panels. Finding the dominant factors is conducive to the rational 

design of prefabricated concrete pavement of assembled airport [3]. 

Based on the concrete slab surface by aircraft wheel loads on the slab bottom surface 

the maximum stress as the prestressed concrete airport pavement structure bearing 

performance index of concrete pavement elastic modulus, elastic modulus, base plate 

thickness, surface layer and base layer combination degree (friction coefficient) and 

the change of prestressing force bearing performance impact on the road surface, the 

establishment of finite element assembled prestressed concrete pavement structure 

calculation model, reveal the factors affected by the degree of wheel loads on the 

bottom surface of the panel, the maximum stress on the pavement structure, provide 

a reference for the design of prestressed concrete pavement of the assembly airport. 

 

2 Finite Element Model 

The prestressed concrete pavement of airport is usually made up of 3 parts: foundation, 

base course and prestressed concrete pavement panel. The prestressed concrete 

pavement slab is composed of concrete slab and prestressed steel bar. First, a eight 

node SOLID65 cell is used to establish the finite element model of the concrete slab, 

and the transverse reinforcement ratio of the concrete slab is designed by setting the 

real constant. Secondly, according to the position in the establishment of model of 

prestressed reinforced by Link8 unit steel, through the cooling method applied to 

prestressed reinforcement temperature stress to simulate the tension force of 

reinforced concrete and prestressed reinforcement, and the coupling unit transfers the 

force to achieve the effect of prestressing concrete [4]. The stress exerted by the 

cooling method can be calculated by the formula (1). 

 

Where,  is tensioning stress,  is the temperature required to reduce, E is the 

modulus of elasticity of steel bar,  is the coefficient of linear expansion of the steel bar. 

The finite element model of base and soil foundation is established by solid45 element. 

The interlayer contact model between the bottom of the pavement and the top of the 

base is established by the 3D surface contact element of targe170 and conta175. The 
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model is in line with the actual stress state of the pavement, making the result of the 

finite element analysis more reasonable [5]. 

The size of the common airport pavement panel is 5m× 5m, but the size of the 

pre-stress panel can be made larger. Considering the factors such as factory 

prefabrication, transportation and assembly, the size of the prefabricated concrete 

pavement of the fabricated airport is determined to be 3 m×8m [6]. According to the 

convergence analysis, the plane size of the foundation is 10m x 10m, and the plane size 

of the base is 10m× 10m. 

The meshing of the pavement structure is shown in Figure 1. The position of the fixed 

wheel loads on the plate, and the grid with proper location of the loading effect 

increases with the increase of the distance load location and the thickness of the soil 

foundation. The grid gradually becomes thinning, which helps to improve the accuracy 

and speed of the load area calculation. 

The boundary conditions of the finite element model are as follows [7]: (1) The bottom 

of the foundation is fully constrained, and the vertical plane around it is horizontal 

constraint; (2) Horizontal confinement on the vertical surface at the base level, and the 

base and soil foundation are completely continuous;(3) The surface of the pavement is 

free boundary; (4) The effect of gravity on the whole model is ignored. 

 

Fig.1. finite model of prefabricated airport prestressed concrete pavement 

 

3 Model Analysis 

It is assumed that the model of the material is linear elastic constitutive relation, and 

the parameters do not change with the change of temperature [8]. The material 

parameters of the assembled concrete airport pavement structure layer (shown in table 

1) are selected according to the current specifications.  
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Table 1. Structure parameters of prefabricated airport prestressed concrete pavement 

Structural layer 

Parameters 
Concrete surface layer Pavement base Soil layer 

Modulus of elasticity (MPa) 35000~38000 800~1400 50 

Thickness (m) 0.16~0.24 0.3 10 

Poisson ratio 0.15 0.25 0.3 

 

Table 2. Orthogonal design of calculation factors levels 

Level 

Parameters 
1 2 3 4 

Prestress (MPa) 0 1 2 3 

Thickness (m) 14 18 20 24 

Elastic modulus of surface layer (MPa) 35000 36000 37000 38000 

Modulus of elasticity at the base (MPa) 800 1000 1200 1400 

Friction coefficient 0 2 5 8 

 

Taking the wheel load of a certain aircraft as a calculated load, the tire pressure of the 

aircraft is 1.5MPa and the grounding area is 1284.5cm2. The area of the wheel print is 

converted to the rectangular uniform load of 40cm× 30cm. 

The calculation scheme is carried out by orthogonal design, taking into account 5 

factors, each factor takes 4 levels, and its calculation factor level is designed as shown 

in Table 2. 

 

4 Results and Analysis 

4.1 Calculation Results of Orthogonal Design 

For the assembly type prestressed concrete airport pavement structure prestress, plate 

thickness, surface elastic modulus, elastic modulus and base combination degree 

(friction coefficient) combination, finite element models are established for numerical 

simulation, the maximum stress results of slab bottom surface are shown in Table 3. 
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4.2 Influence of Prestress 

Table 3. Calculated Results of Orthogonal Design 

Numbers Prestress Thickness 

Elastic 

modulus 

of surface 

layer 

Modulus of 

elasticity 

at the base 

Friction 

coefficient 

the 

maximum 

stress of slab 

bottom 

surface 

1 1 2 3 2 3 5.25 

2 3 4 1 2 2 2.75 

3 2 4 3 3 4 2.85 

4 4 2 1 3 1 6.12 

5 1 3 1 4 4 3.66 

6 3 1 3 4 1 5.16 

7 2 1 1 1 3 6.55 

8 4 3 3 1 2 3.78 

9 1 1 4 3 2 6.13 

10 3 3 2 3 3 3.36 

11 2 3 4 2 1 4.96 

12 4 1 2 2 4 5.80 

13 1 4 2 1 1 4.15 

14 3 2 4 1 4 4.92 

15 2 2 2 4 2 4.23 

16 4 4 4 4 3 2.88 

K1 4.77 5.95 4.78 4.88 5.12 - 

K2 4.63 5.15 4.37 4.67 4.24 - 

K3 4.09 3.93 4.28 4.63 4.52 - 

K4 4.63 3.13 4.72 3.98 4.34 - 

R 0.75 2.77 0.55 0.89 0.86 - 

 

From the data in Table 3 shows that, when applied to precast concrete slab prestressed 

0MPa, 1MPa, 2MPa, 3MPa, the wheel load average slab maximum stress were 4.77MPa, 

4.63MPa, 4.09MPa, 4.63MPa. The result of the difference analysis shows that the 

prestress has a certain influence on the load-bearing performance of the assembled 

prestressed pavement structure. Compared with the applied prestress (4.77MPa) 

(0MPa), the maximum stress reduction of the average plate bottom reaches 2.7% to 

14.8%. 

The maximum stress at the bottom of the slab decreases first and then increases with 

the increase of the prestress. When the prestress is 2MPa, the maximum stress of the 
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bottom plate reaches the minimum. It shows that the prestressing force in the 

prefabricated stress pavement panel of the fabricated airport is not the bigger, the 

better, but there is a reasonable range. When the value of the applied prestress is 

within this reasonable range, the prefabricated pavement structure will have better 

load performance [9]. Prefabricated prestressed concrete pavement is usually 

prefabricated at factory, so that prestress can be applied to the pavement slab by 

controlling the tensile stress of prestressed reinforcement and the number of 

prestressed reinforcement. But during the prefabrication process, the prestressing loss 

will be unavoidable. The total prestress loss is about 20% of the tension control stress. 

When calculating the prestressing force, we must consider the influence of prestress 

loss. According to the calculation results, the prestress in the prestressed concrete slab 

of the assembly airport is recommended to be 2MPa. 

 

4.3 Influence of Prestress 

From the data in Table 3 shows that, when the assembly type prestressed concrete slab 

thickness of the airport is 14cm, 18cm, 20cm, 24cm, the wheel load average slab 

maximum stress were 5.95MPa, 5.15MPa, 3.93MPa, 3.13MPa. The result of the 

extreme difference analysis shows that the prestress has the greatest influence on the 

load-bearing capacity of the assembled prestressed pavement structure. With the 

increase of plate thickness, the maximum stress at the bottom of the average plate 

presents a sharp downward trend. Compared with the plate thickness of 12cm, the 

maximum stress reduction of the average plate bottom reaches 13.49% to 46.88%. It 

is shown that the thickness of prefabricated prestressed concrete pavement is an 

important factor in the design of airport pavement structure. For the airport, 

prestressed concrete slab thickness for the common panel thickness of 60%, which can 

not only satisfy the runway requirements, saving production costs, but also can reduce 

the plate body weight, is conducive to the transport and assembly [10]. 

 

4.4 Influence of Friction Coefficient 

When the friction coefficient is 0, 2, 5 and 8, the maximum stress of the average plate 

bottom is 5.12MPa, 4.24MPa, 4.52MPa and 4.34MPa, respectively. The range analysis 

shows that the friction coefficient has a great influence on the bearing capacity of the 

pavement structure. Improving the combination degree between the surface and the 

base course can effectively reduce the maximum stress of the bottom plate produced 

by the wheel load. With the increase of friction coefficient, the maximum stress of the 

mean plate bottom fluctuates, but the overall decline trend, compared with the friction 

coefficient of 0, the reduction is 11.37% to 17.25%. (5.12MPa) Increasing the friction 

coefficient is to improve the combination of the prestressing concrete pavement and 
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the base, which is beneficial to the improvement of the bearing performance of the 

airport pavement structure. When laying the assembled prestressed concrete 

pavement, the suitable binding material should be adopted to firmly combine the 

assembled pavement with the base. 

 

4.5 Influence of the Modulus of Elasticity at the Base 

When the elastic modulus of the base is increased from 800MPa to 1400MPa, the 

maximum stress of the average bottom of the plate always presents a downward trend. 

The elastic modulus of base course has a great influence on the bearing capacity of 

pavement structure. Compared with the elastic modulus at base level of 800MPa, the 

maximum stress of plate bottom is reduced by 3.69% to 16.53%. (4.88MPa). 

Therefore, when assembling prefabricated concrete pavement, we should pay 

attention to choosing the right base type and construction technology to ensure that 

the base has higher elastic modulus. At present, the base of airport pavement is 

generally cement stabilized granular base and two lime soil base [11]. In order to 

improve the bearing capacity of prefabricated concrete pavement of assembly airport, 

it is suggested to use cement stabilized granular base with high elastic modulus. 

 

4.6 Influence of the Elastic Modulus of the Surface Layer 

With the increase of surface elastic modulus, the maximum stress reduction is only 

1.46% to 11.06%, indicating that the change of surface elastic modulus has little effect 

on the bearing capacity of pavement structure. When the elastic modulus of the 

surface layer increases from 35000MPa to 38000MPa, the maximum stress at the 

bottom of the average plate presents a trend of decreasing first and then increasing, 

indicating that the elastic modulus of the surface layer is not as big as possible, but it 

has a reasonable range of values. However, when the precast concrete pavement 

panels are used in factories, improving the surface elastic modulus needs to improve 

the strength grade of concrete, which will greatly improve the production cost of 

fabricated prestressed concrete pavement panels [5]. Therefore, considering the 

bearing capacity and production cost of the pavement structure, it is suggested that 

the elastic modulus of the concrete slab should not be too high. 

 

5. Conclusion 

It is more reasonable and economical to use the finite element model to analyze the 

influence of structural parameters on the load capacity of the airport prestressed 

pavement. However, in practical engineering, the pavement must be affected by 

various external factors. The performance of materials will also have some influence on 
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the bearing capacity of the pavement. Therefore, a series of indoor simulation tests will 

be carried out in the following research. 
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