
273JOURNAL OF MINES, METALS & FUELS

The mechanical properties of concrete bridge located in
mining area are influenced by the mining area environment
and thickness of pavement. The unreasonable design of
pavement layer will easily lead to the concrete bridge deck
cracking. Based on FEM (finite element method), Jiaozuo
Bridge is taken as an example to study on mechanical
influence of pavement on concrete bridge deck with different
thicknesses. A three-dimensional finite element model is built
to simulate the bridges with three kinds of thickness of
concrete deck pavement respectively. The results show that
the maximum longitudinal and lateral tensile stresses in
girder increase with the thickness of deck pavement which
will cause the girder cracking while the maximum lateral
tensile stress in concrete deck pavement decreases. When the
thickness of waterproofing layer of deck pavement is 11cm,
the stresses in deck pavement are all the least ones among
the three cases respectively. The possibility of being crack
in deck pavement is the lowest. And the design scheme which
the thickness of waterproof concrete pavement is 11cm will
be the best.
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1. Introduction

Cracks of prestressed concrete bridge generally take
place in deck pavement firstly, if strengthening
method has not been made in time, damage would

further expand to cause the destruction of the main girder. In
traditional bridge design, the deck pavements are not
considered to participate in the load. And the thickness of
deck pavement is chosen only by experience. When the deck
pavement is destroyed, it is rebuilt by thickening. In that the
influence of thickness of deck pavement on the bridge has
not been considered. However, the pavements participate in
some or all deformation and loading with the main girder in
engineering.

In recent years some scholars have paid attention to the
mechanical characteristics of bridge deck pavement [1]. Based
on their experiences and damage investigation they use steel
fiber reinforced concrete or other new high strength materials
to strengthen pavement [2,3], but few researches were
conducted on the mechanical characteristics of bridge
affected by the thickness of pavement. In fact, it is of great
importance to study influences on the bridge caused by
thickness variation of pavement for prevention and treatment
of disease in pavement [4-6]. Since this type of bridge exists
abundantly in our country, the research has great reference
significance to strengthen the similar bridges [7,8].

The paper creates a three-dimensional finite element model
to simulate Jiaozuo Bridge by ANSYS software. Based on the
analysis of effects of pavement thickness on bridge some
suggestions are given for designing of this type of bridge.

2. General situation of bridge
Jiaozuo Bridge is the pretensioned partial-prestressed
concrete structure of low-altitude box girder bridge which is
located in the mining area of Jiaozuo City. Each span is
composed of eight box girders. The girder is 2.1m of width,
0.75m of high and 16.0m of span. The thickness of deck
pavement is 8cm with C30 grade of concrete strength. The
bridge was designed in January 1999 according to the old
technical norm - "General code for design of highway bridges
and culverts (JTJ 02l-89 1989)[9,10]. Now, with the
development of economy, the road vehicle flow rises sharply
and bridge overload is serious, which result in the local
disease in deck pavement (Fig.1).

Up to now the pavements have been repaired many times
(Fig.2). But if only according to the newly norm (JTG D60-
2004 2004), the influence of thickness variation of pavement
on the bridge could not be computed.

3. Three-dimensional finite element model
The finite element model has two kinds of elements to simulate
the original structure: Solid 45 simulating girder, asphalt
concrete paving, waterproofing concrete pavement and other
solid members, link 8 simulating prestressed reinforcing bars.
The model has a total of 72292 nodes, 57824 elements with 5
kinds of materials. The three-dimensional finite element
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models of a single girder and one span of the bridge are
shown in Fig.3 and Fig.4 respectively.

In the computation three kinds of schemes with different
thickness of pavement have been studied. The schemes are:
(a) Scheme 1. The thickness of waterproof  concrete

pavement is 8 cm.
(b) Scheme 2. The thickness is 11 cm.
(c) Scheme 3. The thickness is 14 cm.

In all schemes the thickness of asphalt pavement is 3cm.
The vehicles loads are arranged to cause the stresses of
pavement in most unfortunate state.

4. Analysis of stresses in main girder
4.1.THE EXTREME VALUE OF LONGITUDINAL TENSILE STRESS IN
MAIN GIRDER

Affected to prestress, the main girders are generally
compressed in longitudinal direction in all cases, and only

locally tensioned in roof. The extreme values of longitudinal
tensile stress in main girder are close in all cases of the same
scheme. As shown in Fig.5, the maximum value is 1.66MPa in
scheme 1, 2.51 MPa in scheme 2, and 3.26 MPa in scheme 3
respectively.

It can be seen that the extreme value of longitudinal tensile
stress in main girder increases with the increase of thickness
of deck pavement. The main reason is because the weight of
superstructure rises with the increase of thickness of deck
pavement which leads the longitudinal tensile stress to add.
In all cases the extreme longitudinal tensile stress in main
girder mostly locates at the top layer of the flange of box
girder at the end-span of the bridge which is closely related
to the damage of anchorage zone of expansion joint and the
lamination between main girder and deck pavement. So, it is
important to take some specific measures in design.

Fig.1 Disease in deck pavement

Fig.2 Repaired deck pavement

Fig.3 The 3D FEM model of a single girder

Fig.4 The 3D FEM model of one span of bridge

Fig.5 The longitudinal tensile stress in girder
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4.2.THE EXTREME VALUE OF LATERAL TENSILE STRESS IN MAIN

GIRDER

As shown in Fig.6, the change tendency of lateral tensile
stress in girder is different in various schemes. The extreme
values are 1.26MPa in scheme 1, 1.47MPa in scheme 2, and
1.70MPa in scheme 3 respectively. In all cases the extreme
stresses are at the bottom of the flange of the box girder
where it is under the place of vehicle load. It can be seen that
with the increase of thickness of deck pavement the lateral
tensile stress in girder increases which is disadvantageous
to the crack resistance properties of the bridge and may cause
the longitudinal crack comes into being.

waterproof concrete deck pavement is 8cm, the 1st principal
stress in main girder is the biggest and when the thickness
was 11cm, the 1st principal stress was the least. It can be seen
that decreased the thickness of pavement is unfavourable to
the crack resistance properties of inclined section of girder.

5. Analysis of stresses in concrete deck pavement
5.1.THE EXTREME VALUE OF THE 1ST PRINCIPAL STRESS IN DECK

PAVEMENT

The extreme values of the 1st principal stress in deck
pavement are shown in Fig.8. It can be seen when the
thickness of waterproof concrete deck pavement was 11cm
the 1st principal stress in deck pavement was the least. In all
cases the extreme 1st principal stresses are in the bottom layer
of deck pavement at the middle span. When the thickness of
waterproof concrete deck pavement is bigger than 11cm, with
the increase of thickness the rigidity of deck pavement
increase which lead to enlarge its load sharing and raise the
1st principal stress in waterproof concrete deck pavement.
This is unfortunate to the crack resistance properties of deck
pavement.

Fig.6 The lateral tensile stress in main girder

Fig.7 The 1st principal stress in girder

4.3.THE EXTREME VALUE OF THE 1ST PRINCIPAL STRESS IN MAIN

GIRDER

Fig.7 shows the 1st principal stress in main girder changes
obviously. The maximum 1st principal stress gets to 3.26 MPa,
2.36 MPa, 2.35 MPa in scheme 1, scheme 2, and scheme 3
respectively. All the extreme stresses locate at the top layer
of flange of the girder in middle span. When the thickness of

5.2.THE EXTREME VALUE OF LONGITUDINAL STRESS IN DECK

PAVEMENT

The extreme values of longitudinal tensile and
compressive stresses in concrete deck pavement are shown
in Figs.9 and 10 respectively. Fig.9 shows the longitudinal
tensile stresses are small in all schemes. In scheme 1 the
maximum value of tensile stress is 0.84MPa in case 9 while in
scheme 2 it is 0.7MPa in case 10, in scheme 3 it is 0.92MPa in
case 7. All the extreme longitudinal tensile stresses are at the
bottom layer of joint between two girders at the end-span.

It can be seen that with the increase of thickness of deck
pavement, the extreme value of longitudinal tensile stress is
quite complex and would increase or reduce. In the design,
we should select the best thickness of deck pavement as far
as possible to reduce the longitudinal tensile stress. Overall,

Fig.8 The 1st principal stress in deck pavement
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when the waterproof concrete deck pavement is 11cm of
thickness, in scheme 2 the extreme values of longitudinal
tensile stress are smaller and distributed more regularly than
any other schemes. So scheme 2 is the most reasonable one
in 3 schemes.

As can be seen from Fig.10, the longitudinal compressive
stress increases with the increase of thickness of deck
pavement. In the same scheme, the extreme values of
longitudinal compressive stress are very close. The maximum
compressive stress in scheme 1 is 5.56MPa, in scheme 2 it is
5.97MPa in case 7, and in scheme 3  it is 6.07MPa in case 1.
The maximum values of longitudinal compressive stress are
all in the top layer of deck pavement at mid-span.

of lateral tensile stress changes obviously in the three
schemes. In scheme 3 the lateral tensile stresses are generally
smaller than the other schemes, while the stresses in scheme
1 are the biggest. In scheme 1 the maximum lateral tensile
stress is 1.97MPa in case 12, in scheme 2 it is 1.57MPa in case
10, and in scheme 3 it is 1.68MPa in case 2. It could be seen
that with the increase of thickness of deck pavement the
lateral tensile stresses decrease. In each case, the maximum
lateral tensile stress is in the joint of adjacent box girders at
end-span of the bridge. These stresses are closely related to
the longitudinal crack in deck pavement. When the pavement
thickness is small enough, the deck pavement of bridge would
be prone to longitudinal cracks. In addition, the extreme lateral
tensile stresses are all at the bottom layer of deck pavement,
so it is very important to enhance the connection between
the deck pavement and the girder in design.

Fig.12 shows the extreme values of lateral compressive
stresses in concrete deck pavement in scheme 1 are quite
close to them in scheme 2. The maximum value of lateral

Fig.9 The longitudinal tensile stress in deck pavement

Fig.10 The longitudinal compressive stress in deck pavement

5.3.THE EXTREME VALUE OF LATERAL STRESS IN CONCRETE DECK

PAVEMENT

In all cases the extreme values of lateral tensile and
compressive stress in concrete deck pavement are shown in
Figs.11 and 12 respectively. Fig.11 shows the extreme values

Fig.11 The lateral tensile stress in deck pavement

Fig.12 The lateral compressive stress in deck pavement
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compressive stresses is 3.06MPa in case 7 of scheme 3 while
it was 3.59MPa in scheme 1. In each case, the extreme lateral
compressive stresses are in the top layer of deck pavement
at mid-span.

5. Conclusions
The three-dimensional numerical simulation method is used
to research the effects of change thickness of deck pavement
on the bridge. The conclusions are as follows:
1. With the increase of thickness of deck pavement, the

extreme value of longitudinal tensile stress in girder
increases. The stress is closely related to the damage of
anchor belt of expansion joint and the lamination between
girder and deck pavement. In the design, some specific
measures may be taken. In addition, the lateral tensile
stress in girder increases with the increase of thickness
of deck pavement too, which is harmful to the crack
resistance property of the bridge and may produce
longitudinal crack. When the thickness of waterproofing
layer of deck pavement is 11cm, the 1st principal stress in
girder is the least among the three schemes.

2. When the thickness of waterproofing layer of deck
pavement is 11cm, the 1st principal stress, lateral and
longitudinal tensile stresses in deck pavement are all the
least ones among the three schemes respectively. On the
whole, scheme 2 is more reasonable than schemes 1 and
3. The possibility of being crack in deck pavement is low.
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