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Abstract: A curved box girder bridge was simulated by ANSYS software, and the interlaminar 
contact form of deck pavement was achieved by the contact element and target element. Stresses of 
the asphalt concrete pavement were calculated and gained when material parameters were changed 
and interlaminar disengaging area was changed. The results showed that: when the thickness of the 
upper layer of asphalt concrete increased, the most stresses of the asphalt concrete all decreased, 
and reasonable thickness of asphalt concrete was gained; when the elastic module of the waterproof 
increased, the most stresses of the asphalt concrete all decreased, so waterproof of high elastic 
modulus was suggested to be used in practical engineering; when disengaging area occurred 
between two adjacent layers and vehicle load located on the layer, the stresses of the asphalt 
concrete all increased; the size and position of disengaging area had great influence on the stresses 
of asphalt concrete. 

Introduction 

The curved bridge is a kind of common bridge, it can easily overcome the constraint of 
geographical environment and therefore it is widely used in expressway and urban overpass [1]. As 
vehicle load and rainwater acted repeatedly on deck pavement of curved bridge, various kinds of 
diseases of asphalt concrete pavement emerged gradually, such as: transverse crack, longitudinal 
crack [2,3] and disengaging [4] between two adjacent layers. For protecting deck pavement from 
destruction, ample researches [5,6] about asphalt concrete pavement had been done, however, many 
studies [7,8] had not taken the weight of concrete bridge and the weight of deck pavement into 
account, the effect of rebar was also ignored in calculation, and the relation [9,10] of paving layer 
and its adjacent layer(s) was assumed to be completely continuous, these are not reasonable or 
actual. Although these previous researches simplified calculation model and gained some useful 
conclusions, its results produced discrepancy with practical engineering. Meanwhile, little 
researches results about asphalt concrete pavement of curved box girder bridges had been reported, 
so it was indispensable to analysis the stress of the asphalt concrete pavement of curved box girder 
bridges, and gained valuable conclusions for practical engineering. In this paper, those defects 
mentioned above in other studies would be made up, the contact model between paving layers could 
be used to improve the calculation results, and making the calculation more effective and more 
practical.  

Material Parameters and Computation Model  

Bituminous mixture, cement concrete and rebar were assumed to be continuous, homogeneous, 
isotropic and linear elastic materials at normal temperature. The asphalt concrete pavement was 
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paved after the curved box girder bridge was built completely. The weight of curved box girder, 
rebar, leveling course, waterproof layer and asphalt concrete pavement were taken into account in 
the calculation. The material parameters are showed in table 1. 
A curved box girder bridge was simulated by ANSYS software, and the structure size of it was 
shown in figure 1 and figure 2. The curved box girder, leveling course, the upper layer of asphalt 
concrete and the lower layer of asphalt concrete were simulated by the 8 nodes solid element, the 
waterproof layer was simulated by shell element, and the rebar was simulated by link element. The 
relation between the roof of the curved box girder and leveling course was assumed to be 
continuous, so the deformation between the roof of the curved box girder and leveling course was 
consistent. The relation between leveling course and waterproof layer was presumed to be contact 
with each other, the relation between the waterproof layer and the lower layer of asphalt concrete 
was presumed to be contact with each other, the relation between the lower layer of asphalt concrete 
and the upper layer of asphalt concrete was also presumed to be contact with each other. The 
contact relation between different layers could be achieved by producing the contact element and 
the target element on the surface of each layer in ANSYS, meanwhile the contact element and target 
element would come in pair. 

Table 1 Material Parameters 

Structural layer Thickness[m] 
Elastic 

modulus[MPa] 
Poisson’s ratio Density[kg/m3] 

the upper layer of  
asphalt concrete 

0.06 1800 0.25 2370 

the lower layer of 
asphalt concrete 

0.04 1200 0.25 2350 

waterproof layer 0.002 150 0.3 — 
leveling course 0.1 30000 0.15 2450 

rebar — 200000 0.3 7800 
curved box girder — 34500 0.15 2559.1 

 

 
Fig.1 Crossing Section of the Curved Box Girder Bridge (Unit: m) 
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Fig.2 Top View of the Curved Box Girder Bridge (Unit: m) 
When a certain layer and its adjacent layer(s) were assumed to be contact with each other, the 

shear stresses transmission between the adjacent layers follows Coulomb friction model [11]: 

 lim P bτ µ= +  (1) 

 limτ τ≤  (2) 

Where limτ is the ultimate shear stress; µ is the sliding friction coefficient, it equals 0.5 in this paper; 

P is the contact compressive stress in normal direction; b is the cohesion between the adjacent layer; 

τ is the equivalent shearing stress. In equation (1), if µ equals 0 or P equals 0, the cohesion b still 

exist; if b equals 0, two adjacent layers take place cohesive failure. In inequality (2), when τ  

between two adjacent layers is less than or equal limτ , the two layers keep sticking, or the two layers 

start to slide. 

Load Position and Calculated Stresses 

The most unfavorable load position of the curved box girder bridge is showed in the figure 2. 
The rear-axle load (double-axle) of the heavy-duty vehicle is140KN×2[12], and the load region of 
single-axle load is0.6 0.2 0.6 0.2m m m m× + × . The area of load position in figure 2 from A1 to A4 all 
are 0.6 0.2m m× , and with a tire pressure of 0.7Mpa. When emergency braking occurs, the braking 
force F acting on the upper layer of asphalt concrete will come into being. In this paper the braking 
force F Gλ= , where λ is the braking coefficient, it equals 0.5;G is the wheel load. Differing from 
passing straight bridge, when vehicles pass curved bridge with a constant speed, the stresses of 

asphalt concrete were also affected by centrifugal force cF . The centrifugal force 2
cF mv r= in 

circular motion, where m is object mass; v is object speed, it was presumed to be 10 m/s in this paper; 

r is radius of circle. The stresses maxxσ , maxyσ , maxzσ , maxxyτ , maxyzτ and maxxzτ of asphalt concrete were 

calculated when material parameters changing and interlaminar disengaging area changing.  
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Stresses calculation and stresses analysis for asphalt concrete pavement 

The upper layer of asphalt concrete (or ULAC for short), the lower layer of asphalt concrete 
(or LLAC for short) and the waterproof layer (or WL for short) are the main part of pavement layer, 
their thickness and elastic modulus are important material parameters in calculation.  
 Influence of thickness changing on stresses of asphalt concrete pavement 

The stresses value of the ULAC when thickness changing were shown in fig 3. From fig 3A, 

when the thickness of the ULAC increased from 0.02m to 0.08m, the shear stress maxyzτ of the 

ULAC decreased firstly, and then increased, other stresses of the ULAC all decreased with the 
increasing thickness of the ULAC. From fig 3B, when the thickness of the LLAC increased from 

0.03m to 0.09m, the tensile stress maxyσ and shear stress maxxyτ of the ULAC decreased, the tensile 

stress maxzσ , shear stress maxyzτ and maxxzτ of the ULAC all increased, the tensile stress maxxσ of the 

ULAC decreased firstly, and then increased. When the thickness of the WL increased from 2mm to 
8mm, the stresses of the ULAC were almost unchanged.       
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Fig.3 stress value of the ULAC when thickness changing 
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Fig.4 stress value of the LLAC when thickness changing 

The stresses value of the LLAC when thickness changing were shown in fig 4. From fig 4A, 
when the thickness of the ULAC increased from 0.02m to 0.08m, stress of the LLAC all decreased. 
From fig 4B, when the thickness of the LLAC increased from 0.03m to 0.09m, the tensile 

stress maxxσ of the LLAC decreased firstly, and then increased, the tensile stress maxyσ of the LLAC 

increased firstly, and then decreased, the tensile stress maxzσ and shear stress maxxyτ of the LLAC all 
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decreased, the shear stress maxyzτ and maxxzτ of the LLAC increased. From fig 4C, when the thickness 

of the WL increased from 2mm to 8mm, the stresses of the LLAC were almost unchanged. 
When the thickness of the ULAC increased, the most stresses of the ULAC and LLAC all 

decreased; when the thickness of the LLAC increased, the part stresses of ULAC and LLAC 
increased, the part stresses of them decreased; when the thickness of the WL increased, the stresses 
of the ULAC and LLAC were almost unchanged. 
Influence of elastic modulus changing on stresses of asphalt concrete pavement 

The stresses value of the ULAC when elastic modulus changing were shown in fig 5. From fig 
5A, when the elastic modulus of the ULAC increased from 1.1GPa to 1.7GPa, the tensile 

stress maxxσ , maxyσ and shear stress maxxyτ of the ULAC increased, the tensile stress maxzσ , shear 

stress maxyzτ and maxxzτ  of the ULAC were almost unchanged. From fig 5B, when the elastic modulus 

of the LLAC increased from 0.9GPa to 1.5GPa, the tensile stress maxxσ , maxyσ and shear 

stress maxxyτ of the ULAC decreased, the shear stress maxyzτ and maxxzτ  of the ULAC increased, the 

tensile stress maxzσ of the ULAC were almost unchanged. From fig 5C, when the elastic modulus of 

the WL increased from 0.15GPa to 0.45GPa, the tensile stress maxxσ , maxyσ ,shear stress maxxyτ of the 

ULAC all decreased, the shear stress maxyzτ  of the ULAC increased slightly, the tensile 

stress maxxzτ of the ULAC decreased slightly, the shear stress maxzσ of the ULAC was almost 

unchanged. 

1.1 1.2 1.3 1.4 1.5 1.6 1.7
0.01

0.11

0.21

0.31

0.41

0.51

0.61

0.7

Elastic modulus of the ULAC(GPa)
A

S
tre

ss
 V

al
ue

 o
f t

he
 U

LA
C

(M
P

a)

 

 

0.9 1 1.1 1.2 1.3 1.4 1.5
0.01

0.11

0.21

0.31

0.41

0.51

0.61

0.71

0.8

Elastic modulus of the LLAC(GPa)
B

S
tre

ss
 V

al
ue

 o
f t

he
 U

LA
C

(M
P

a)

 

 

0.15 0.2 0.25 0.3 0.35 0.4 0.450.45
0.01

0.11

0.21

0.31

0.41

0.51

0.61

0.7

Elastic Modulus of the WL(GPa)
C

S
tre

ss
 V

al
ue

 o
f t

he
 U

LA
C

(M
P

a)

 

 
σxmax

σymax

σzmax

τxymax

τyzmax

τxzmax

 
Fig.5 stress value of the ULAC when elastic modulus changing 
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Fig.6 stress value of the LLAC when elastic modulus changing 

The stresses value of the LLAC when elastic modulus changing were shown in fig 6. From fig 
6A, when the elastic modulus of the ULAC increased from 1.1GPa to 1.7GPa, the stresses of the 
LLAC all decreased. From fig 6B, when the elastic modulus of LLAC increased from 0.9GPa to 
0.5GPa, the stresses of the LLAC all increased. When the elastic modulus of waterproof increased 

from 0.15GPa to 0.45GPa, the shear stress maxzσ of the LLAC increased slightly, other stresses of the 

LLAC all decreased. 
When the elastic modulus of the ULAC increased, the part stresses of ULAC increased, the 

part stresses of ULAC decreased, the stresses of the LLAC all decreased slightly. When the elastic 
modulus of the LLAC increased, the part stresses of ULAC increased, the part stresses of ULAC 
decreased, the stresses of the LLAC all increased. When the elastic modulus of the WL increased, 

the tensile stress maxxσ , maxyσ , shear stress maxxyτ of the ULAC and LLAC all decreased obviously. 

As the vehicle load acted chronically and repeatedly on the asphalt concrete pavement, 
adjacent layers might have disengaging area. Assumed that the disengaging area existed under A1 in 
fig 2, and four types of disengaging area were shown in fig 7. The disengaging area might occur 
between the ULAC and LLAC, and it also might occur between the LLAC and WL. In 
consideration of effect of vehicle braking action, the stress value of asphalt concrete pavement were 
calculated in two cases, one was without vehicle braking action, and the other was under vehicle 
braking action. 

 
Fig. 7 four types of disengaging area 

Stress value of asphalt concrete pavement without vehicle braking action 
When vehicle located at the position shown in the fig 2 and without braking action, the stresses 

of the ULAC under different type of disengaging area were listed in tab 2. The stresses of the 
ULAC under the type D1 were smaller than the stresses of ULAC under other three types of 
disengaging area; as the disengaging area under the loading position increased, the stresses of the 
ULAC also increased; compared with the stresses of the ULAC when the disengaging area occurred 
between the LLAC and the WL, the stresses of the ULAC when the disengaging area occurred 
between the ULAC and LLAC were bigger than them. 
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When vehicle located at the position shown in the fig 2 and without braking action, the stresses of 
the LLAC under different type of disengaging area were listed in tab 3. The stresses of the LLAC 
under the type D1 were smaller than the stresses of LLAC under other three types of disengaging 
area; as the disengaging area under the loading position increased, the stresses of the LLAC also 
increased; compared with the stresses of the LLAC when the disengaging area occurred between the 
ULAC and LLAC, the stresses of the LLAC when the disengaging area occurred between the 
LLAC and the WL were bigger than them. From tab 2 and tab 3, when the size of the disengaging 
area increased, the stresses of the ULAC and LLAC all increased; when the size of the disengaging 
area was the same in D3 and D4, the position of the disengaging area also affected the stresses of 
the ULAC and the LLAC. 
stress value of asphalt concrete pavement under vehicle braking action 

When vehicle located at the position shown in the fig 2 and with braking action, the stresses of 
the ULAC under different type of disengaging area were listed in tab 4. The stresses of the ULAC 
under the type D1 were smaller than the stresses of ULAC under other three types of disengaging 
area; as the disengaging area under the loading position increased, the stresses of the ULAC also 
increased; compared with the stresses of the ULAC when the disengaging area occurred between 
the LLAC and the WL, the stresses of the ULAC when the disengaging area occurred between the 
ULAC and LLAC were bigger than them. Compared with tab 2 and tab 4, when the disengaging 
area occurred between the ULAC and the LLAC, the tensile stresses of the ULAC increased 
averagely by 6.25%, and the shear stresses of the ULAC increased averagely by 25.48%; when the 
disengaging area occurred between the LLAC and the WL, the tensile stresses of the ULAC 
increased averagely by 18.81%, and the shear stresses of the ULAC increased averagely by 41.71%. 
Compared with the stresses of the ULAC when the disengaging area occurred between the ULAC 
and the LLAC, the stresses of the ULAC increased more than them when the disengaging area 
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occurred between the LLAC and the WL. 

When vehicle located at the position shown in the fig 2 and with braking action, the stresses of the 
LLAC under different type of disengaging area were listed in tab 5. The stresses of the LLAC under 
the type D1 were smaller than the stresses of LLAC under other three types of disengaging area; as 
the disengaging area under the loading position increased, the stresses of the ULAC also increased; 
compared with the stresses of the LLAC when the disengaging area occurred between the ULAC 
and LLAC, the stresses of the LLAC when the disengaging area occurred between the LLAC and 
the WL were bigger than them. Compared with tab 3 and tab 5, when the disengaging area occurred 
between the ULAC and the LLAC, the tensile stresses of the LLAC decreased averagely by 0.6%, 
and the shear stresses of the LLAC increased averagely by 17.22%; when the disengaging area 
occurred between the LLAC and the WL, the tensile stresses of the LLAC increased averagely by 
0.41%, and the shear stresses of the LLAC increased averagely by 5.18%. Compared with the shear 
stresses of the LLAC when the disengaging area occurred between the ULAC and the LLAC, the 
shear stresses of the LLAC increased more than them when the disengaging area occurred between 
the LLAC and the WL. 

Conclusions 

(1) Properly increasing the thickness of the ULAC, the most stresses of the ULAC and the LLAC 
would decreased, the thickness of the ULAC was advised to be 0.04m ~ 0.06m, and the thickness of 
the LLAC was advised to be 0.05m~0.07m. (2) Increasing the elastic modulus of the ULAC and the 
LLAC, the stresses of themselves increased, but increasing the elastic modulus of the WL, the 

tensile stress maxxσ , maxyσ , shear stress maxxyτ of the ULAC and LLAC all decreased obviously. (3) 

When the disengaging area occurred between two adjacent layers, the total stresses of the ULAC 
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and the LLAC would all increase. The vehicle braking action had a great effect to the stresses of the 
ULAC when the disengaging area occurred between two adjacent layers. (4) When the disengaging 
area occurred between the ULAC and LLAC, the stresses of the ULAC changed obviously. When 
the disengaging area occurred between the LLAC and the WL, the stresses of the LLAC changed 
obviously. (5) The stresses of the ULAC and the stresses of the LLAC would change with the size 
of the disengaging area, and would also change with the position of the disengaging area. 
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