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Abstract: -This paper describes a new type of bituminous concrete with frame–separation in steel-structure 
bridge deck pavement, the lower layer of which is designed to have a frame-separation structure with 
bituminous concrete units dependent from each other, while the upper layer is paved with fiber bituminous 
concrete. Pavement with this new structure has been successfully applied to a bridge with double decks for dual 
purposes of highway and railway use, which is able to restrain the pavement deformation caused by vibration 
within an acceptable limit and therefore can settle the maintenance and repair problem of the deck pavement of 
the bridge for dual purposes of highway and railway use.  
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1 Introduction 
Most of bridges with dual purposes for both 
highway and railway uses in China have been 
constructed for a primary purpose of railway use 
together with a secondary purpose of highway use. 
Most of the bridges with such style were designed to 
have steel truss structures, where the bridge decks 
were laid on the steel plates forming the roof of the 
steel truss or on the pre-casting reinforced concrete 
slabs. As the deck pavement of the bridge vibrates 
rather greatly, the deck pavement is very easy to be 
damaged, and in case of damage, the repair is very 
difficult to carry out. This paper researches the 
vibration of Guangdong Xijiang Highway-Railway 
Double-Level Bridge, purpose of it is to analyze the 
effects of vibration of the bridge deck on the 
payment structure and puts forward the related 
repairing method.  
 
 

2 Theory 

Located in Zhaoqing City of Guangdong Province, 
Guangdong Xijiang Bridge is a bridge with double 
decks for dual purposes of highway and railway 
uses (See Figure 1.a and Figure 1.b), the main deck 
of which is for railway use, while the upper deck of 
which is for highway use, with a main bridge of 720 
meters in length and a spacing of 136 meters 
between two adjacent piers. Vibration test points of 
the bridge deck are set at locations between the first 
pier and the second pier. According to deflection 
calculation of the bridge beams and vibration test of 
the bridge deck, when a train with load passes by 
the bridge, the maximum deflection between 
cross-points of the two piers is 15.6 cm, the relative 
vertical vibration amplitude of the testing section of 
the bridge deck is 5.9 mm, the horizontal Lateral 
vibration amplitude is 3.8 mm, the vibration 
frequency is 10 Hz and 4 Hz respectively, which 
mean that a material point in the bridge deck 
vibrates relatively and irregularly 10 times per 
second, as well as upwards and downwards over a 
vertical distance of 5.9 mm.  
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2.1  Vibration of the Bridge Increases the 
Stress to the Bridge Deck Pavement  
Assuming that the bridge deck pavement is an 
elastic body, meanwhile, the concrete of the deck 
pavement and the steel truss of the bridge deck are 
included in a same vibration system, then, the stress 

“ dσ ” caused by forced vibration is:  

(1 )jd
j

Bσ σ= +
Δ

       (1) [1] 

Where, “ jσ ” represents actual stress to the 

pavement of generic road; “ dσ  ” represents stress 

arising from vibration of a bridge with dual 
purposes for highway and railway uses; “B” 
represents integrated vibration amplitude, which is 

5.9 mm based on actual measurement; “ jΔ ” 

represents average deflection of the steel truss. The 
spacing between two adjacent expansion Joints is 
32m, and the average deflection of the steel truss is 
20 mm. 
Replace symbols in the formula with data, and the 
result is: 

5.9(1 ) 1.295
20j jdσ σ σ= + =    (2) 

The result indicates that the vibration of a bridge 
with dual purposes for highway and railway uses 
causes the stress of the bridge deck pavement to 
increase to 1.295 times its original value, therefore, 
when carrying out design of pavement materials and 
structure layer for a bridge, 30% of additional 
effects caused by vibration should be taken into 
account so as to meet the special requirement by the 
bridge deck pavement.   
 
 
2.2 Repeatedly Bending and Deforming of 
Bridge Deck Pavement Results in Road 
Pavement Fatigue and Shortens Service 
Lifetime   
Under a condition of controlled stress, action times 
of load that can reach the fatigue failure of the 
bituminous concrete is:  

1
1

1( )n

j
N k

σ
=      (3) [2] 

21( )
1.295

n
d

j
N k

σ
=   (4) 

Where “N1” represents action times of load that 
can reach the fatigue failure of bituminous concrete 
of generic bridge deck; “Nd” represents action times 
of load that can reach the fatigue failure of 
bituminous concrete of generic bridge deck that is 
caused by vibration; “k” represents characteristic 
coefficient of compositions comprising the 
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bituminous concrete; n represents gradient factor, 
the n of modified bituminous concrete is 1.5 ~ 2.5. 

In case of the same compositions comprising 
bituminous concretes, unchanged “K” and 

approximate gradient factor “n” ， the additional 

stress caused by vibration is: 
1.295 jdσ σ=

，

and according to formula (3), the result is:          

2

11

1( )
1.295 0.55~0.651( )

n

jd
n

j

k
N

N k
σ

σ

= ≅    (5) 

 

（5） 1(0.55~0.65)dN N=      (6) 
It is obvious that the fatigue lifetime of bridge 

deck pavement is only 55~65% of that of generic 
road pavement. According to the above-mentioned 
test and analysis, traditional method for 
maintenance and repair can not fully solve the 
problems of Xijiang Highway-Railway Double 
-Level Bridge. 
 
 
3 Experiment 
The vehicle lane on the upper deck of Xijiang 
Bridge is combined by pre-casting reinforced 
concrete slabs with dimension 4.5 meters in length 
and 3.6 meters in width. The spacing between 
adjacent expansion Joints is 32m, and total 16 
pieces of pre-casting slabs have been used. The 
original pavement of the bridge deck for highway 
includes a layer of ferrocement concrete with 
thickness of 5cm plus a wearing layer of bituminous 
concrete with thickness of 3 cm. See Figure 2 for 
the structure of the deck pavement.. 

 
The average daily traffic flow has reached 10000 

vehicles, and after its operation for tens of years, 
most portion of the bituminous wearing layer has 
been damaged, ferrocement concrete section has 
been damaged, and as a result of which, rainwater 
has infiltrated to the steel railway truss, thus 
damages have been caused to railway facilities. As 
the deck pavement on the bridge mainly shows a 
characteristic of rigidity, its maintenance and repair 
can only be conducted with bituminous concrete 
under the condition or requirement that no impact or 
obstruction may be caused to current traffic. In 
order to settle the technical problems involved in 
maintenance and repair more successfully, this 
paper suggests a structure scheme shown in Figure 3 
and Figure 4. 

 

 
In this scheme, a glass joist waterproof stratum 

bounded with modified epoxy is applied to the 
surface of pre-casting slabs comprising the bridge 
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deck. Modified bituminous concrete is applied to the 
lower layer, and the bituminous concrete stratum is 
separated as rectangle units with dimension of 4 m × 
3m by means of polysulfide rubber modified epoxy 
resin concrete. A fiber reinforcement bituminous 
concrete stratum with a thickness of 3 cm is applied 
to the upper layer, which forms a frame structure.   

The width of a frame-separation concrete unit is 
5cm, with a depth equal to the lower layer, and the 
construction method for which is as follows: Before 
paving bituminous concrete, place a channel steel 
member with a cross-section dimension of 
8cm×8cm at an expected separation location, lay 
and pave bituminous concrete, and then roll it to 
form its shape. After completion of the final rolling, 
take out the channel steel members to obtain a frame 
channel in the bituminous concrete stratum, then, 
inject the polysulfide rubber modified epoxy resin to 
form a frame.  
 
 
4 Functions ofBitumen Concrete with  
Frame Seperation  
 
 
4.1 Propagation of vibration in separated 
bituminous concrete is obstructed and thus 
fatigue strength caused by vibration is 
reduced 

 

Figure 5.a illustrates vibration propagating in a same 
matter, while Figure 5.b shows vibration 
propagating in a separated matter, which reveals that 
the propagation of vibration is obstructed at the 
separation point and thus the vibration attenuate 
quickly, in other words, the affects on Block B 

caused by vibration arising from Block A of the 
separated bituminous concrete has been lightened.  

Elasticity modulus of the polysulfide rubber 
modified epoxy resin frame-separation concrete is 
Erubber=10×103MPa. Elasticity modulus of the 
bituminous concrete Ebitumen=1.2×103MPa. As 
each of the two materials has an elasticity modulus 
different from the each other, a portion of the energy 
is consumed during the propagation course of the 
kinetic energy, and therefore, lesser vibration energy 
is propagated. This is a measure suitable for 
isolation of vibration and will be helpful in 
increasing fatigue lifetime.  
 
 
4.2 Bending-tensile stress and strain of 
separated bituminous concrete are reduced 
and thus the fatigue lifetime is increased 
Separation of bituminous concrete by means of 
frame is able to reduce fatigue tensile stress of the 
bridge deck pavement and is also able to increase 
the fatigue lifetime of the bridge deck pavement, 
which may be further proved through a fatigue test 
or endurance test on bituminous concrete. 
Bending-tensile deformation and bending-tensile 
stress of bituminous concrete is expressed as below: 

2
3aP
bh

σ =        (7) [2] 

Where, “a” represents the horizontal distance 
from the load to the support;  “P” represents the 
dynamic load that bends the beam; “b” represents 
the width of the test piece or test sample; “h” 
represent the thickness of the test piece or test 
sample.  

The test results show that, incase that “P” , 
namely the dynamic load bending the girder keeps 
unchanged, while “a”, namely the horizontal 
distance from the load to the support shortens, then, 
“σ”, namely the fatigue bending-tensile stress also 
reduces accordingly. As shown in Figure 6, when 
the test beam has been divided into three segments, 
the distance from the load on each segment to the 
support also reduces by 1/3.  
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Differences exist between the test beam and the 

bridge deck slabs. When the slab has shortened by 
1/3 in length, the fatigue bending-tensile stress on 

the bottom of the slab reduces by10～15 % only. 

Calculation based on formula （3）indicates that 

action times of load will increase by 20-50% after 
the slab surface has been separated.  

In addition, as deduced from the basic 
characteristics of the materials, we know that, when 
“E”, namely the bending-tensile modulus of 
bituminous concrete materials keeps unchanged, the 
level of fatigue stress lowers, and its strain “ε” also 
lowers accordingly.  

The above-mentioned experiment and analysis 
reveal that separating bituminous concrete of bridge 
deck pavement is one kind of the effective method 
whereby to lower stress level, reduce deformation, 
and eliminate fatigue failure. 
 
 
4.3 Deformation of bituminous concrete 
within the separation frame restrained 
Calculation based on the expansion and shrinkage 
deformation of materials caused by temperature 
variation reveals that the variation of materials by 
temperature variation is: 

α⋅=Δ LL       (8) 

Where: “α ” represents the linear expansion 
coefficient of a material work-piece, and for 
bituminous concrete, α =0.00002; for cement 
concrete, α =0.00001. “L “ represents the length of 
a material work-piece ; “ LΔ ” represents the 
expansion variation. 

The experiment shows that α  is hardly affected 
by temperature, while LΔ  will rise when the 
length of a material work-piece gets large. 
Therefore, reducing the length or width of a material 
work-piece will help greatly to reduce the linear 
expansion variation.  

Figure 7 indicates that when two kinds of 
compound material work-pieces stretch freely, the 
longer the length of a work-piece is, the larger its 
variation LΔ  is (See Figure 7.a). As the 
deformation of a bituminous concrete stratum will 

be restrained after it has been separated，the overall 

deformation of a bituminous concrete stratum will 
accordingly reduce to 1/3 as much as its original 
deformation(See Figure 7.b).Deformation variation 
after separation:   

LLL Δ==°Δ 3
1

3
1 α      (9) 

 

 

 
Research and analysis indicate that separation of 

the bridge-deck bituminous concrete, with frames 
inserted into seams between two adjacent block 
units on which a layer of fiber reinforcement 
bituminous concrete is paved, not only can restrain 
the deformation of the bituminous concrete 
pavement and weaken propagation of vibration in 
the bituminous concrete, but also can increase the 
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overall strength of the bridge deck pavement and 
improve the overall anti-vibration ability.  

 
 

4.4 Two-Dimensional Sizes of Bituminous 
Concrete Structure with Frame-Separation 
The measure described in this paper is aimed at the 
maintenance and repair of Xijiang 
Highway-Railway Double-Deck Bridge for the 
purpose to reduce the effects of vibration in bridge 
deck on the pavement.. Theoretically, the smaller a 
separation size is, the more the advantage is. But a 
too small separation size will increase the costs and 
make the construction difficult.. For this reason and 
based on the actual conditions in connection with 
dimensions of bridge deck of Xijiang Bridge and the 
design wheel space of road vehicle, i.e. the wheel 
space of a heavy vehicle is 6.5m, the wheel space of 
a semi-trailer is 8.8m, total width is 2.5m, the 
two-dimensional separation sizes suitable for the 
maintenance and repair of the Xijiang Bridge are 
determined as ( Figure 3):4 m long and 3m wide. 
Vibration tests have proved that separating a 
single-body material is one of the measures whereby 
to facilitate or improve the fatigue 
vibration-resistance of the pavement. 
 
 
5 Materials Selected for the  
Maintenance and Repair of the Bridge  
 
 
5.1 Adhesive waterproof layer made of 
polysulfide rubber modified epoxy resin  
Cracks and water infiltration will occurred in gaps 
between the panels under circumstances where large 
deformation or severe vibration exists as the 
connection between two adjacent pre-cast panels are 
realized by means of reinforced concretes cast on 
site. Therefore, it is necessary to provide bottom 
panels on the bridge deck with good waterproof 
characteristics. In repair and maintenance, use an 
adhesive made of polysulfide rubber modified 

epoxy resin paste to glue the glass-fiber grille cloths 
and form a flexible waterproof layer.  

The glass-fiber grille cloth selected is provided 
with mesh 10 × 10 (mm), thickness 0.8 mm, and 
fiber bundle diameter 0.5 mm, consisting of glass 
fiber with tensile strength up to 570 MPa, tensile 
modulus up to 0.6 GPa, and minimal influence by 
temperature on the grille.  

The polysulfide rubber is a kind of active 
toughener[3], with a multi-sulfur vinyl resin similar 
to rubber presenting good features like oil 
resistance, solvent resistance and water resistance. 
After mixed with epoxy resin, the thiol-based in it 
can chemically react with epoxy base and join in the 
cured epoxy resin structure, providing the 
cross-linked epoxy resin with a better flexibility. 
The polysulfide rubber modifies the epoxy resin to 
have it showing a certain degree of strength, also 
including the flexibility and tensile performance of 
rubber. The amount of polysulfide rubber mixed in 
equal to a value varying from 5% to 50% of the 
weight of epoxy resin. After tests, a mixture ratio 
for modified epoxy resin and sand is educed, with 
an adhesion in compliance with requirements.  

The mixture ratio listed in No. 1-4 of Table 1 is 
used in construction. Before commencement of 
construction, uniformly spray epoxy-sand mortar on 
the bridge deck that has been cleaned up, and then, 
lay two layers of glass-fiber grille nets, which will 
forms a waterproof layer on the bridge deck after 
evenly pressing. Apply bitumen concrete prior to the 
“ending set” of the epoxy-sand mortar, make a full 
use of the heat of the concrete to accelerate the 
solidification of the sand mortar, and the bitumen 
concrete, waterproof layer and bridge deck will thus 
be combined into one fully integrated whole through 
the pressure by a road roller. 

 
 

5.2 Preparation of Concrete with Frame 
-Separation 
Application of concrete with frame separation on a 
bridge deck where there exists severe vibration is 
for the purpose to separate the bitumen concrete into 
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small unit cells and thereby to reduce the damage to 
bitumen concrete caused by vibration. Materials for 
concrete with frame-separation must have a certain 
degree of strength and flexibility, including perfect 
performance in combination with bitumen concrete. 
The 1-day age concrete with frame separation is 
designed to has a compressive strength over 35 MPa 

[4](similar to that of 28-day age cement concrete) 

and compressive elastic modulus (10～35)×103MPa. 

After a test, the mixture ratio for epoxy concrete and 
its strength come out as listed in Table 2. 
 

 
Table 1 Test Table on Polysulfide Rubber Modified Epoxy Resin Mortar and Grout 

No 1-1 1-2 1-3 1-4 

Epoxy resin 100 100 100 100 

Polysulfide rubbe 100 50 30 / 

Polyamide / / / 30 

Stone powder 300 / / / 

Cement / 350 125 125 

Sand / / 280 280 

Compressive strength（MPa） 43 35 26 31 

Tensile strength（MPa） 5.38 3.7 2.43 4.5 

Elongation rate （%） 20 18 12 2 

Compressive deformation（%） 36 30 10 5 

 
Note: Data in the table has been based on weight percentage 

Table 2. Test on Mixture Ratio for Epoxy Concrete and Strength  

No 2-1 2-2 2-3 3-4 3-5 

Epoxy resin 100 100 100 100 / 

Polysulfide rubber 50 30 50 50 / 

Polyamide / / / 10 / 

Cement 125 125 125 125 115 

Sand 300 300 300 250 200 

Stone 200 50 300 450 350 

Compressive strength（MPa） 71 56 26 21 31 

Compressive elastic modulus（103MPa） 5 18 8 12 20 
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Remarks Comparison Test 

Note: The data in the table has been based on weight percentage 
 
After mixed with polysulfide rubber, the 

compressive elastic modulus of epoxy resin 
significantly decreases. With the increase in the 
amount of gravel, compressive strength decreases 
accordingly. In order to prepare modified-epoxy 
concrete with a compressive strength of 30 MPa, the 
amount of epoxy resin used should not be less than 
(280 ~ 300) kg / m3, and the amount of gravel is (10 
~ 20) kg / m3. The amount of polysulfide rubber 
occupies 50% of the epoxy resin used. 

The width of a frame-separation concrete unit is 
5cm, with a depth equal to the lower layer, and the 
construction method for which is as follows: Before 
paving bituminous concrete, place a channel steel 
member with a cross-section dimension of 
10cm×10cm at an expected separation location, lay 
and pave bituminous concrete, and then roll it to 
form its shape. After completion of the final rolling, 
take out the channel steel members to obtain a frame 
channel in the bituminous concrete stratum, then, 
inject the polysulfide rubber modified epoxy resin to 
form a frame (Mixture ratio listed in No. 3-4 of 
Table 2).  
 
 
5.3 Preparation of Fiber-Bitumen Concrete 
The fiber specially used for bitumen is a kind of 
superfine fiber that is suitable for mixing and felting 

with bitumen concrete, which can resist a high 

temperature of 200 ℃ or above and does not get 

aging easily. The fiber in the bitumen mainly 
presents physical modification features like high 
temperature thermal stability and low-temperature 
anti-cracking performance, as well as a reinforced 
function. Tests on three kinds of fibers show that the 
characteristics of Dura fiber are similar to that of 
Boni fiber, and furthermore, its melting point is 
suitable for mixture of modified bitumen and 
aggregate at high temperature. After Comparative 
tests on two fibers, the fiber used for the bridge deck 
is the Dura fiber material made in the United 
States[5].  
  
5.3.1 Splitting Tensile and Compressive Test 
of Fiber-Reinforced Bitumen Concrete  
As per requirements to splitting tensile test of 
bitumen mixture[6], the specimen with a diameter of 
101.6 mm and a height of 63.5+1.3mm should be 

tested after a 12-hour air shower at 50 ℃ .The 

specimen for tensile test is a cylinder with a 
diameter of 100mm and a height of 100 mm, and 

should be tested after an 45h water shower at 20℃.  

See Table 3 for the result of splitting tensile and 
compressive strength comparative test.  

Table 3 Results of Splitting Tensile and Compressive Strength. Comparative Test on 
Fiber-Reinforced Bitumen Concrete 

 

Amount of 
Bitumen 

(%) 

Fiber 

(kg) 

Splitting  
strength 
(MPa) 

Increase in 
strength 

Value (%) 

Compres
sive 

strength 
(MPa) 

Increase in 
compressiv
e strength 
Value (%) 

Esso bitumen AC-20I 5.3 0 0.842 8.61 

Esso bitumen fiber AC-20I 5.5 3.5 0.927 
10 

8.64 
0 

Esso bitumen AM-13 6.3 0 0.832 6.67 

Esso bitumen fiber AM-13 6.6 3.5 0.972 
17 

7.69 
15 
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Shell bitumen AM-13 5.3 0 0.742 7.51 

Shell bitumen fiber AM-13 5.3 3.5 0.81 
9 

8.22 
9.5 

 
 
5.3.2 Creep Test of Fiber Bitumen Concrete 
A single-axle compression creep test can be used to 
obtian the creep stiffness modulus of bitumen 
materialls. In a creep test , bitumen concrete with 
fiber and without fiber are used for comparison, and 
the loading level is 0.1 MPa. 

Static loading creep stiffness modulus can be 
expressed as formula below : 

t T
S σ

ε −
=    (10) 

where, σ－stress; t－action time; ε－strain; T

－temperature,℃ 

The loading section and unloading section of the 
creep curve can be respectively regressed with 

model 
mS Bt= [7], that is, the stiffness can be 

obtained with the regressive formula of loading:  
1mS Bt=     (11) 

where:  t －action time in second; B、m 1— 

regressive factor。  

The test shows that, at a temperature 60℃,  the 

stiffness modulus of the fiber-reinforced bitumen 

concrete: S=88t-0.12. the stiffness modulus of 
bitumen concrete without fiber: S=64t-0.098. 

The regressive formula of unloading can be used 
to obtain the resilience modulus E. The resilience 
modulus of the bitumen concrete without fiber: 

E=110t-0.097 at 60 ℃ ; E=320t-0.18 at 35 ℃ , 

E=435t-0.2 at 20℃.  

Under unloading condition, The resilience 
modulus of the fiber-reinfornced bitumen concrete: 

E’=140t-0.11 at 60 ℃ ,  E’=380t-0.16at 35 ℃ ; 

E’=530t-0.189at 20℃.  

The ratio of stress to strain under the condition of 
one 0.02-second acting time by a vehicle is called 
the elastic modulus at the time of unloading. Input 
t=0.02 into the the above formula, and then, the 
compressive resilience modulus value of the 
bitumen concrete at different temperatures (Table 4) 
can be obtianed(See Table 4). 
 
5.3.3 Rut Test[7] 
A specimen with a size of 30 × 30 × 5 (cm3) is used 
in a rut test in accordance with the Test Code for 
Bitumen Concrete. See Table 5 for the test results. 
The data resulted from the test show that an 
appropriate amount of fiber mixed into the bitumen 
concrete can facilitate the avoidance of rut.   

Table 4 Result of Comparative Test on Stiffness Modulus and Resilience Modulus 

Materials 

Stiffness 

Modulus 

60℃Mpa 

Stiffness 

Modulus 

35℃Mpa 

Resilience 

Modulus 

60℃Mpa 

Resilience 

Modulus 

35℃Mpa 

Resilience 

Modulus 

20℃Mpa 

Bitumen concete 93 590 160 647 951 

Fiber-reinforced bitumen 

concete 
140 713 215 710 1110 
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Table 5  Rut Test 

 
 
6 Conclusion 
Based on the results of lab experiments, a 
comparative test on three different schemes for the 
maintenance and repair of Xijiang Bridge was 
carried out in December 2000. The test sample used 
in each scheme is 96 meter in length and 9 meter in 
width. After six years of operation, the tested 
segment of bridge-deck pavement made of 
bituminous concrete with frame separation is still in 
good status, while the tested segment of bridge-deck 
pavements in the other two schemes have been 
damaged to different extent.. Practice has testified 

that the above mentioned maintenance and repair 
technique is effective for a highway-railway bridge 
that vibrates frequently and greatly.  

Separating bridge deck pavement made of 
bituminous concrete is a new topic, where the 
frames for separation shows the function of 
obstructing the propagation of vibration, thus, the 
bending stress to the bridge deck is reduced,, and 
therefore lower the fatigue stress level of materials 
and increase the acting times of the fatigue failure, 
which may be rated as one measure where by to 
extend the service lifetime of the pavement.. 
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Materials Specific 
gravity 

Amount of 
bitumen 

used 

Load 
（Mpa）

Temperat
ure 

（℃）

Dynamic 
stability 

（times/mm
） 

Maximal 
deformation 

（1500 times） 

Modified bitumen 
concrete 2.32 5.5 0.7 60 2057 4mm 

Fiber-reinforced  
Modified bitumen 

concrete 
2.3 5.9 0.7 60 4850 2mm 
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