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Abstract 
 

The bearing capacity of old assembly slab bridges is reduced by component cracking, material aging, and structural 
damage. To avoid excessive dismantling of bridges with inadequate bearing capacity, the influence mechanism of 
overlaid pavement on existing assembly slab bridges was analyzed by theoretical analysis and numerical simulation in 
this study. The basic equation for assembly slab bridges was established by considering the bending resistance and 
shearing resistance of the overlaid pavement and based on the fundamental principle of force method. The formula for the 
vertical coordinate of the influence line of the transverse load distribution (TLD) was constructed using a half-sine unit 
load. On this basis, the variations in the vertical coordinate with rigidity, slab width, and bridge span were analyzed. 
Moreover, the influences of the overlaid layer thickness on assembly slab bridges with different spans (13, 16, and 20 m) 
were analyzed. Results show that the overlaid pavement can significantly affect the influence line of the TLD. The 
influence of the overlaid pavement on the TLD factor should be taken into account for assembly slab bridges with spans 
of 16 m or smaller. However, such influence is negligible for bridges with spans of 20 m or larger. The overlaid 
pavement can increase structural integrity and reduce the TLD factor to some extent. But an overlaid pavement thickness 
of more than 20 cm only slightly influences the TLD factor. The study can meet the demand of reconstruction of old 
bridges based on overlaid pavement. The proposed method solves issues related to the low bearing capacity of these old 
assembly slab bridges. 
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1. Introduction 
 
China has achieved rapid economic development in recent 
years. The load-bearing capacity of existing bridges should 
be increased to cope with the continuous increase in number 
of heavy-duty and overloaded vehicles. Particularly, 
assembly slab bridges in low-grade highways cannot meet 
such high bearing capacity [3]. The limitations of existing 
bridges in China are attributed to the low load design 
standards, poor construction quality control because of 
limited construction budget, and component cracking [1], 
material aging [2], and structural damage caused by 
improper operating maintenance and management. However, 
dismantling and reconstructing old bridges not only waste 
construction resources and disturb the ecological 
environment, but also cause long-term traffic interruption 
[4]. Thus, reinforcement is the best way to solve the 
problems related to the low bearing capacity of these 
assembly slab bridges. Nevertheless, with limited 
maintenance budget, these bridges are often reinforced with 
a layer of 15–30 cm-thick reinforced concrete pavement in 
accordance with engineering experiences. This 

reinforcement can increase structural integrity and disperse 
loads to some extent, thus realizing the goal of increasing the 
bearing capacity of the bridge girder. However, further 
research on the appropriate thickness of overlaid pavement 
and its degree of influence on the stress status of girder is 
necessary. Therefore, an assembly slab bridge reinforcement 
model should be established urgently with consideration to 
the reinforced concrete pavement to optimize the thickness 
of overlaid pavement and enhance the reinforcement effect. 

Stresses on the girder of assembly slab bridges 
reinforced by overlaid pavement were analyzed theoretically 
in this study. A stress analysis of the assembly slab bridge 
before and after reinforcement with overlaid pavement was 
conducted based on the principle of equilibrium of forces. 
An analytical model that considers the bending resistance 
and shearing resistance of overlaid pavement was 
established using the basic equation of force method. 

 
 
 

2. State of the art 
 
It is common to pour an 8–12 cm-thick reinforced concrete 
pavement over the girder of assembly hollow slab bridges 
during deck construction. In bridge reinforcement by 
overlaid pavement [5],[6], some portions of the old concrete 
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pavement have to be removed until the internal reinforcing 
steel bars are exposed to wedge the reinforcing steel bars in 
the new concrete pavement into an integral whole with the 
reinforcing steel bars in the original pavement. This process 
ensures the normal cementation of the new concrete 
pavement and the old concrete pavement and enhances the 
structural integrity and stress uniformity in the precast slabs 
[7]. The influences of the pavement on girder rigidity are 
often overlooked, and the pavement is only viewed as a 
component layer when calculating the stresses on the bridge. 
In reality, however, the reinforced concrete pavement forms 
a composite structure with the girder, and they bear the 
stresses together. The independent overlaid pavement is a 
rigid structural layer with both bending resistance and 
shearing resistance. Most of existing studies on overlaid 
pavement mainly have focused on the mechanical analysis, 
design theory, material properties, and disease prevention [9-
15], but only few have analyzed the stresses shared by the 
overlaid pavement and girder. The reinforcement of bridge 
structures with small and medium spans by overlaid 
pavement was introduced from the perspective of applicable 
conditions, material requirements, mechanical 
characteristics, design calculation, construction measures, 
and process quality control [7]. In a previous study [16], 
destruction tests were conducted on bridge structures with 
full-size hollow slab pavement and without pavement. The 
influences of the overlaid pavement on cracking behavior, 
deformation, and bearing capacity girder were analyzed, and 
its effect on the overall mechanical performance of the 
bridge structure was explored by conducting a load test. Lu 
et al. [17] used the hinged plate method to calculate the 
transverse load distribution (TLD) factors of 13, 16, and 20 
m hollow slab bridge structures. They examined the 
influences of the overlaid pavement using rigidity γ  and 
found that the overlaid pavement slightly influences the 
TLD factor. Liu et al. calculated the modal flexibility by a 
modal parameter method, and the deflections of the mid-
spans of different beams were extracted from the modal 
flexibility to determine the TLD factor [18]. Wang et al. 
established equations for the influence line of the TLD in a 
hinged plate bridge structure, which facilitated the design 
and calculation of a hinged plate bridge structure with 
different section forms and different quantities of plate 
girders [19]. Wu and Zhang [20] explored the effects of 
overlaid pavement on the mechanical performance of a 
simply supported hollow slab bridge by finite-element 
calculation and static test and found that the overlaid 
pavement could effectively reduce the responses of the 
bridge. 

In summary, the existing stress calculation for an 
assembly slab bridge mainly includes lookup-table 
calculation in the hinged plate method [21]. The hinged plate 
method considers overlaid pavement by correcting the 
rigidity ( γ ) of the bridge deck pavement. Actually, it only 
considers the shearing resistance of the overlaid pavement, 
but neglects its bending resistance.  

In the current study, a calculation model which involves 
both bending resistance and shearing resistance of overlaid 
pavement was established using the basic principle of force 
method. By this method, the influences of the overlaid 
pavement on the TLD in the assembly slab bridge and, 
consequently, on the mechanical performance of the bridge 
were identified. 

The rest of this study is organized as follows: Section 3 
discusses the stress analysis of the assembly slab bridge 
reinforced with overlaid pavement and the establishment of 

the mechanical calculation model involving the bending 
resistance and shearing resistance of the overlaid pavement. 
Section 4 analyzes the effects of the overlaid pavement on 
the TLD factors of assembly slab bridges with different 
spans and slab widths. Section 5 presents the conclusions. 
 
 
3. Methodology 
 
3.1 Stress analysis of the assembly slab bridge with 
consideration for the overlaid pavement 
At present, the hinged plate method is generally applied to 
calculate the TLD factor of an assembly hollow slab bridge. 
In the hinged plate method, the joint between the plates only 
transmits the shearing force, but the transmission of the 
bending moment and normal force is neglected. For an 
assembly slab bridge with inadequate bearing capacity, the 
reinforced concrete pavement is a rigid structural layer that 
can transmit both bending moment and shearing force. Thus, 
the calculated results obtained by the hinged plate method 
cannot reflect the actual stress conditions of bridge 
structures. In this study, the influence line of the TLD was 
calculated by considering the bending resistance and 
shearing resistance of the reinforced concrete pavement. The 
bridge considered was a simply supported girder bridge 
consisting of five hollow slabs (Fig. 1.(a)). 
 

Concrete pavement
Overlaid  concrete pavement

 (a) Cross section of the bridge structure 
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(b) Calculation of section stresses 
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(c) Calculation of section stresses 

Fig. 1. Stress analysis of an assembly hollow slab bridge 

 
On the assumption that a half-sine unit load 

( 1 xp x sin
l
π

= ×) ( ) is applied to the slab #1 and the 

reinforced concrete pavement is disconnected at the joint 
x l:( =0 ) , the joint between the hollow slabs only transmits 

a vertical shearing force, whereas the reinforced concrete 
pavement transmits a shearing force and a bending moment. 
The shearing forces between the hollow slabs are 1x

＇, 2x
＇, 3x

＇, 

and 4x
＇  (Fig. 1.(b)). The shearing forces between the 

pavement sections are 1x
〃, 2x

〃, 3x
〃, and 4x

〃, and the bending 

moments between the pavement sections are 5x , 6x , 7x , and 

8x  (Fig. 1.(b)). For the convenience of analysis, the 
shearing forces were integrated (Fig. 1(c)) into 1x , 2x , 3x , 
and 4x , where '  ''i i ix x x= +  ( 1, 2, 3, 4i = ). 
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3.2 Calculation model 
According to the principle of the force method, the basic 

equation is: 

{ } { } 0ij i ipxδ δ⎡ ⎤ + =⎣ ⎦ (  or =1,2,3 8)i j L                 (1) 

where ijδ  is the ith relative deflection caused by the unit 

force 1jx =  from j  ( i j= and i j≠ ), ipδ  is the ith relative 

deflection caused by the external loads, and ix  is the peak of 
the ith redundant force element. 
 
  

 

  
Fig. 2. Stress analysis under the effect of redundant shearing force 
 

 

 
Fig. 3. Stress analysis under the effect of redundant bending moment 

Let 'ϕ  in the coefficient be the girder’s torsion angle 
caused by the unit bending moment at the joint. 
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Therefore, the coefficient matrix ijδ⎡ ⎤⎣ ⎦  is： 
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and the equation for redundant force is： 
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where γ  is the rigidity, with 2=5.8 ( )
T

I b
I l

γ . Then, the above 

equation can be solved: 
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                                   (4) 

 
 The vertical coordinate of the influence line of the TLD 
in slab #1 can be calculated using solutions 

1,  2,  3,  4ix i =( ) ; consequently, the TLD factor can be 
calculated. The vertical coordinates of the influence lines of 
the other slabs can be calculated following the same process. 
The vertical coordinate of the influence line of slab #1 can 
be expressed as: 
 

11 1
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13 2 3

14 3 4
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1 x
x x
x x
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= −⎧
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⎪ = −⎪
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                                 (5) 

 
 

4. Result analysis and discussion 
 
4.1 Relationship between the vertical coordinate of the 
influence line of the TLD and γ  
The vertical coordinates of the influence lines of the 
shearing resistance and bending resistance of the reinforced 
concrete pavement are considered in Eq. (5). The hollow-

slab calculation equation that neglects the overlaid pavement 
is given in [5]. The solutions to this equation are 
 

2 3
'
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2
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2
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3
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                  (6) 

Similarly, the vertical coordinates (
11

'η , 
12

'η , 
13

'η , 
14

'η , 

and 
15

'η ) of the influence lines can be calculated. Thus, the 
influences of the reinforced concrete pavement on the 
stresses of the hollow slab can be analyzed using the 
equation '

1 1 1i i iη η ηΔ = −  ( 1,2,3,4,5i = ). The calculation 
table of the TLD factor based on the hinged plate method is 
given in [5]. The rigidity ( γ ) ranges between 0.0 and 2.0. 
The 1 1/i iη ηΔ  curves are generated (Fig. 4), where γ  
ranges between 0.0 and 2.0 and is used to analyze the 
influences of the overlaid pavement on the TLD factor. 
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(a) Relation curve between 1iηΔ  and γ 
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 (b) Relation curve between 1 1/i iη ηΔ  and γ 

Fig. 4. Variation curves of 1iηΔ  and 1 1/i iη ηΔ  with respect to γ 
 
Fig. 4. shows that: (1) 1iηΔ  changes significantly with 

an increase in γ , particularly over the γ  range of 0–0.5. (2) 
With an increase in γ , 11ηΔ  and 15ηΔ  continuously 
decrease, 12ηΔ  and 13ηΔ  gradually increase, and 14ηΔ  
slightly changes (<0.035). (3) With an increase in γ , 

1 1/i iη ηΔ  remarkably changes (maximum of 150% ). These 
results show that the overlaid pavement can significantly 
influence the TLD. 

 
4.2 Relationship of the vertical coordinate of the 
influence line with slab width and span 
The rigidity coefficients ( 13γ , 16γ , and 20γ ) of the three 
assembly hollow slab bridge structures with spans of 13, 16, 
and 20 m are calculated (Tab. 1.). 
 
Table 1. Values of γ  for different spans and slab widths 

Span length 
Slab                 (m) 
Width (m) 

13 16 20 

1 0.018 0.014 0.01 

1.25 0.024302 0.01754 0.012791 
 
Fig. 5. shows that: (1) the 1iηΔ  values for different spans 

present the same variation law: initial increase and 
subsequent decrease. (2) The influence lines of the TLD for 
different slab widths present the same variation law. (3) A 
larger span results in a smaller difference between the 
vertical coordinates of the influence line as well as better 
stress uniformity. 
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(a) Comparison of 1iηΔ  values when slab width is 1 m  
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 (b) Comparison of 1iηΔ  values when slab width is 1.25 m 

Fig. 5. Comparison of 1iηΔ  values for different slab widths and spans 
 

4.3 Comparison of three pavement-processing methods 
The TLD factors of the three assembly hollow slab bridge 
structures with different spans (13, 16, and 20 m) are 
calculated. In the calculation, the deck width is 12.0 m (0.5 
m [crash barrier] +11 m [roadway] +0.5 m [crash barrier] = 
12.0 m), the middle slab is 1.25 m wide, the reinforced 
concrete pavement is 10 cm thick, and the asphalt concrete 
pavement is 10 cm thick (Fig. 6). 
 

0.5 11 0.5

 

Fig. 6. Cross-sectional drawing (unit: m) 
 

To further compare the TLD factors, three calculation 
methods are applied in this study: (1) the proposed method 
that considers the bending resistance and shearing resistance 
of the pavement, (2) the hinged plate method that disregards 
the reinforced concrete pavement when calculating rigidity 
γ , and (3) the hinged plate method that considers the 
reinforced concrete pavement when calculating rigidity γ . 
The calculated TLD factors of the three bridge structures by 
these three methods are shown in Fig. 7. 

Fig. 7. shows that (1) the results of the proposed 
method are smaller than the results of the hinged plate 
method that disregards the overlaid pavement, but the TLD 
factor of the boundary beam is consistently higher in the 
proposed method than those in the other two methods. (2) 
The maximum TLD factor of the slab decreases with an 
increase in the span. The calculated results of the three 
methods are similar with each other. Therefore, the hinged 
plate method can be directly used to calculate the TLD 
factors of the bridge structures with large spans. However, 
the TLD factors of the bridge structures with small spans 
(≤16 m) should be calculated by the hinged plate method 
that considers the overlaid pavement. (3) The degrees of 
stress uniformity in all slabs are better when the bending 
resistance and shearing resistance of the overlaid pavement 
are considered. 
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(a) TLD factor of the 13 m bridge 
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(b) TLD factor of the 16 m bridge 
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(c) TLD factor of the 20 m bridge 

Fig. 7. TLD factors of the three bridge structures with different spans 
 

4.4 Pavement thickness analysis 
The rigidity coefficients of the assembly hollow slab bridges 
with spans of 13 m and 20 m which are reinforced by 
different thicknesses (0, 5, 10, 15, 20, 25, 30, 35, and 40 cm) 
of overlaid pavement are calculated using the proposed 
method to analyze the influences of the pavement thickness 
on the TLD factor. The relationship curves between the 
pavement thickness and the influence lines of the TLD 
factors of the bridges with spans of 13 m and 20 m and the 
relationship curves between the pavement thickness and the 
TLD factors of the bridges with spans of 13, 16, and 20 m 
are shown in Fig. 8. 
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(b) Influence line of the TLD in slab #5 with 13 m span 
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(c) Influence line of the TLD in slab #1 with 20 m span  
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(d) Influence line of the TLD in slab #5 with 20 m span 
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(e) TLD factor of the bridge with 13 m span 

0 10 20 30 40

0.18

0.20

0.22

0.24

0.26

0.28

0.30

 beam 1
 beam 2
 beam 3
 beam 4
 beam 5 Pavement thickness( cm)

TL
D

 fa
ct

or

 

(f) TLD factor of the bridge with 16 m span 

0 10 20 30 40
0.20

0.22

0.24

0.26

0.28

0.30

0.32

Pavement thickness( cm)

TL
D

 fa
ct

or

 beam 1
 beam 2
 beam 3
 beam 4
 beam 5

 

(g) TLD factor of the bridge with 20 m span 
Fig. 8. Effects of pavement thickness on the TLD factor 
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Fig. 8. shows that: (1) the influence line of the TLD 

factor tends to be a straight line as the pavement thickness 
increases. (2) The influence line of the TLD factor slightly 
changes after the pavement thickness reaches 20 cm, 
indicating that the pavement thickness should be smaller 
than 20 cm. (3) The TLD factor converges gradually with an 
increase in pavement thickness. 

 
 

5. Conclusions 
 
The mechanical performance of a bridge structure reinforced 
with overlaid pavement is analyzed in this study to solve the 
problem of low bearing capacity of assembly slab bridges 
and increase the utilization of old bridges. Overlaid 
pavement can increase the structural integrity and improve 
the load distribution in a girder. Thus, the stresses shared by 
the overlaid pavement and girder of an assembly slab bridge 
are analyzed. Furthermore, a calculation model for the 
assembly slab bridge is established by considering the 
bending resistance and shearing resistance of the overlaid 
pavement and using the basic principle of mechanics. The 
following conclusions are drawn: 
 
(1) The calculation equation for the stresses in the girder is 
established by considering the bending resistance and 
shearing resistance of the overlaid pavement. On this basis, 
the influence line under the effect of the half-sine load is 
obtained. 
(2) The overlaid pavement can significantly influence the 
vertical coordinate of the influence line. The TLD factor 
calculated with the bending resistance and shearing 
resistance of the overlaid pavement considered is smaller 
than that when the overlaid pavement is disregarded, 
indicating that the overlaid pavement can enhance the stress 
uniformity in the girders. 

(3) The influences of the overlaid pavement on the 
calculated results for the assembly slab bridges with small 
spans (≤16 m) exceed 10%, which should be considered. 
Nevertheless, the overlaid pavement only minimally 
influences the calculated results of the assembly slab bridges 
with large spans (>16 m), which could be disregarded. 
(4) The influence line of the TLD slightly changes after the 
pavement thickness reaches 20 cm. Thus, the thickness of 
the reinforced concrete pavement thickness should be 
controlled within 20 cm. 

In this study, a calculation model considering the 
bending resistance and shearing resistance of the overlaid 
pavement is established by combining engineering practices 
and theoretical study. The calculation model can enhance the 
application of pavement reinforcement to the reconstruction 
of assembly slab bridges and increase the utilization of old 
bridges. The overlaid pavement not only enhances the 
structural integrity and stress uniformity in the girders but 
also increases the ultimate bearing capacity of the girders. 
Further research is needed to construct an accurate 
calculation model for a combined structure composed of 
pavement and top structure as well as establish a practical 
algorithm for assembly slab bridges reinforced by overlaid 
pavement. 
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