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Abstract — In this paper, for pre-stressed concrete continuous girder bridge cracks corruption issues, we have taken a engineering 
background of  the Xiamen overpass, prompted the spatial finite element method to get a contrastive study of force status under 
the two consolidation maintenance schemes of the bridge. And the construction technology and technical characteristics of the two 
schemes are also discussed in this paper. 
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I. INTRODUCTION 

With the increasing mature of constructing bridge 
technology, such as the high strength concrete, the high 
tensile reinforced steel bar and the prestressed force and so 
on, the long-span prestressed concrete continuous box-girder 
develop rapidly day after day in the recently short several 
dozen year. Along with the development of transportation 
enterprise, the prestressed concrete continuous girder bridges 
has obtained wide spread application in modern kinds of 
bridge. These completed bridges basically are designed 
according to the entire prestressed concrete component, 
which should not appear crack reasonably in the beam body 
under the normal use limiting condition, but actually the 
practical situation is opposite for many continuous girder 
bridges. Therefore, we analyze and research the cause of 
typical crack which appears to the prestressed concrete 
continuous girder bridges and we propose the scientific 
effective method of preventive and control and the method of 
consolidation maintenance, which have the significant 
realistic significance. Prestressed concrete is a method for 
overcoming concrete's natural weakness in tension. It can be 
used to produce beams, floors or bridges with a longer span 
than is practical with ordinary reinforced concrete. [1-3] 
Prestressing tendons (generally of high tensile steel cable or 
rods) are used to provide a clamping load which produces a 
compressive stress that balances the tensile stress that the 
concrete compression member would otherwise experience 
due to a bending load. Traditional reinforced concrete is 
based on the use of steel reinforcement bars, rebars, inside 
poured concrete. Prestressing can be accomplished in three 
ways: pre-tensioned concrete, and bonded or unbounded 
post-tensioned concrete. [4,5] The advantages of prestressed 
concrete include crack control and lower construction costs; 
thinner slabs-especially important in high rise buildings in 
which floor thickness savings can translate into additional 
floors for the same (or lower) cost and fewer joints, since the 
distance that can be spanned by post-tensioned slabs exceeds 
that of reinforced constructions with the same thickness. 

Increasing span lengths increases the usable unencumbered 
floor space in buildings; diminishing the number of joints 
leads to lower maintenance costs over the design life of a 
building, since joints are the major focus of weakness in 
concrete buildings [6]. 

To establish the unified description for strands in 
prestressed concrete girder bridges, a NURBS strands model 
is proposed in which Non-Uniform Rational Basic Spline 
(NURBS) is adopted. Prestressed strands in design and 
construction are analyzed, which presents the reasons for 
selection of NURBS as the strands model. Compared with 
the Fold Line Approximation Model (FLAM), the NURBS 
model needs fewer parameters for pre-processor and gives 
higher accuracy in the calculation of prestress equivalent 
loads and loss of tendon forces. The example using the 
NURBS model is fit to be a unified description method for 
strands in all kinds of prestressed structures [7-8]. 

II. THE BACKGROUND AND FRAME WORK OF 

THE PROGRANM 

The reinforced concrete simple beam bridge has been the 
leading bridge type in some country for a long time. Because 
of its simple designing, simple and convenient constructing, 
it is a form that often adopts of the economic developing 
period of some country. [9] Follow the change of design and 
operation, reason maintained and design standard, rapid 
increase of volume of traffic in addition, large-scale load 
vehicle and factor of the over laden vehicle. Propping up the 
annoyed concrete bridge to present defect and damage in 
various degree simply in services, so measure and bear the 
weight of the evaluation of strength to the structure in the 
services bridge and improve extremely urgently [10]. 

Prestresses in three directions are often used to control 
the stresses of the slabs to meet the demands of 
serviceability-limited state. Normal stresses of flange of the 
box-girder bridge in different prestress conditions are 
compared to explain interaction mechanism of the 
prestresses. Some useful suggestions about vertical prestress 
arrangement are also provided by normal stress distribution 
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of the bridge web in vertical direction. Concrete compressed 
with highly tensioned wires to reduce cracking and tensile 
forces. Although concrete can resist high compressive 
stresses, it is very weak in resisting tension [11,12]. 

For time-variant performance analysis, special emphasis 
is placed on the corrosion penetration modeling in 
prestressed concrete girders. The developed methodology is 
applied to seven existing bridges located in Colorado to 
obtain the lifetime performance of these prestressed concrete 
girder bridges in the bridge network. [13] Once the values 
associated with random variables, deterministic parameters, 
and constant coefficients are assigned, component reliability 
indices for the slab and the girders are calculated for each 
bridge. Detailed results are presented for an individual 
bridge, whereas the lifetime reliability profiles are presented 
for selected bridges [14]. 

 
Fig. (1). Diagram Showing Stresses at Section A-A of a Concrete Beam 

with Uniform Prestress. 

With cracking reduced or eliminated, a prestressed 
section is considerably stiffer than the equivalent (usually 
cracked) reinforced section. Prestressing may also impose 
internal forces that are of opposite sign to the external loads 
and therefore may significantly reduce or even eliminate 
deflection [15]. 

If this concept were applied to a concrete beam in actual 
practice, steel tendons would be tensioned and placed along 
the centroidal axis of the beam. The resulting prestress would 
result in a uniform compression at every section (Fig. 1). 
Loads would produce both tensile and compressive stresses 
at the middle of the span. The prestress would combine with 
these to increase the compression and cancel out the tension. 
The whole concrete section would be effective in resisting 
bending, and there would be no cracks [16]. 

In practice, however, tendons are rarely placed along the 
centroidal axis. A smaller prestressing force is required, and 
therefore less steel is needed for the tendons, if the steel is 
placed below the centroidal axis of the beam. With the 
eccentric prestress, stresses at each section of the unloaded 
beam may vary from tension at the top to compression at the 
bottom (Fig. 2). 

 
Fig. (2). Stresses at Section A-A of a Beam with Eccentric Prestress. (a) In 

Unloaded Beam, Simple-Bending Stress Component is Largely 
Counteracted by Uniform Compression Component. (b) In Loaded Beam, 
Tension Components are Counteracted and only Compression Remains. 

The Xiamen overpass is a prestressed concrete 
continuous beam bridge. Span arrangement is 23+36+44m, 
the main girder using the double room and single box 
mutative section. The height of the roots of girder is 3.6m. 
The height of the middle of the main span and the end of the 
slid span is 1.3m. The width of the box girder roof is 17.34m, 
and the floor is 14.79m. The length of the wing cantilever is 
3m. The web thickness is 30~60cm. Adopting the straight 
webs in the lateral side. The thickness of the box girder roof 
is 22cm, and the floor is 14~60cm. The main girder uses the 
C45 level concrete, and every web use 8 steel stranded wires 
of 12 11.35 mm. The prestressed pipe uses the  80 steel 
corrugated pipes. The strength level of the steel stranded 
wires is 1280Mpa.  

The bridge construction uses the full support method. But 
in the construction process, because of the bracket uneven 
subsidence, failing to pull of the prestressed tendons in time 
after pouring concrete box girder, and the delay of the 
process interval, multiple fractures happened on both sides of 
the roof of the box girder top surface of the main pier 
horizontal beam, and part of cracks extending from the roof 
to the webs. Among them, box girder top surface cracks up 
to 18, most of the crack length has reached 10 m above, 
crack width is 0.2~0.5mm. With stents continue to sink, the 
maximum crack widths up to 1.8 mm, across the entire box 
girder top surface, and extends downwardly to webs at about 
80 cm. The crack width has gone far beyond the bridge 
design specifications.  

III. THE TWO KINDS OF REPAIR AND 

REINFORCEMENT PROGRAMS 

With the view or mechanical point, before the 
prestressing tendon stretch-draw, the crack section of the 
bridge actual has changed the stiffness of the original cross 
section of the structure, which makes the structural internal 
force redistribution happened. Even with the following 
prestressing tendon stretch-draw, the crack of beam cracking 
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section is little closed. Therefore, the additional prestressed 
reinforcement is used to improve the structure of the 
prestressed reserves to maintain the bridge, which is 
designed to realize the objective of both improving the 
carrying capacity and the the stress state of the bridge. Two 
kinds of maintenance schemes are put forward in the 
following designs. 

 
Fig. (3). Scheme 1 (unit: cm) 

Scheme 1: adding prestress tendons and pasting steel 
plate in vitro. In the scheme, the external prestressing 
reinforcement beam directly from the main block by means 
of perforated horizontal clapboard middle road, and then is 
anchored at anchorage tooth side across the end to the board. 
The total of four 18 12.38 external prestress tendons is set, 
steel plates are paste according to certain spacing on the 
girder roof to constrain the cracks continues to expand, as 
shown in figure 3. 

  Scheme 2: adding the body prestress tendons and dry 
rolling concrete pavement. prestress tendons is laying in 
parallel in the body of clingy roof, which is on the roof near 
the main piers protection crack area. The groove is gouged 
on the roof of the anchor position to set the tensioning 
pedestal, and the prestress tendons is tensioned one by one, 
then the 4cm thick C40 steel fiber is poured to cover the deck 
of dry rolling concrete. Prestressed concrete beam 
reinforcement distribution and dry rolling shop is shown in 
detail in figure 5. 

IV. METHODS OF FINITE ELEMENT 

CALCULATION AND PARAMETERS 

Analysis of the bridge repair and reinforcement of the 
calculation carried out in two phases, respectively.   

The first stage is the force state of the bridge before 
repair and reinforcement, and with the section cracking 
nearby the fulcrum in this step; therefore, Analysis the 
section near the fulcrum should according to the cracking 
after the reduction of cross section to calculate the stiffness, 
and the load should be took into the consideration including: 
the structural weigh, the designed prestressed, the concrete 
shrinking and creep and so on.  

The second stage is the force state of the bridge after 
repair and reinforcement, by this time, calculating on total 
cross-section when analyze because the crack has been 
processed and the cracking section has already closed, and 
the load took into consideration including: the increased 
weight and prestressed of the structure at the moment of 
repair and reinforcement, and the second dead load and live 
load after repair and so on. Superimposing the stress of the 
bridge under the respective loading of the two stages is the 
total stress of the bridge under the action of the load 
combination after repair and reinforcement.  

At the moment of analysis, space mechanics model set up 
by adopting the finite element software MIDAS, concrete 
box girder with spatial beam element, the boundary 
conditions imposed according to the actual situations.  

All kinds of the load as follows when calculating: 
(1) The structural weigh: the specific weight of box  

girder is calculated by 22.6 3k /N m . 
(2) The second dead load: the bridge clear width is  
18.88m; the thickness of the cement asphalt pavement 

layer is 10cm; the specific weight is 22.5 3k /N m ; the 
weight of each side crash barrier is 6.8 k /N m , converted 
line load size is 45.786 k /N m . 

(3) Concrete shrinkage and creep: The curing period of 
the concrete is set 7d, and the computation age of the 
concrete shrinkage and creep is set 1500d. According to the 
JTG D60-2004 (General Code for Design of Highway 
Bridges and Culverts),the transient creep ultimate value is set 
0.8, the ultimate value of the  chronic elastic deformation is 
set 1.9, the ultimate value of the concrete shrinkage is set 
0.00021, and the theoretical thickness of the component is 
set as the averaging value of 100cm. 

(4) Lane loading: we set the lane loading value according 
to the Highway-I class, namely we set the standard value of 
the uniform load 10.5 k /N m , the standard value of 
concentrated load 340 KN, and the partial load coefficient of 
live load 1.20. 

(5) Prestress: pretress includes pretress of original design 
and strengthening pretress. The equivalent load method is 
adopted to simulate the pretress by taking the pretress loss 
into consideration. 

V. CONTRAST OF FORCE STATUS OF THE TWO 

METHODS OF CONSOLIDATION MAINTENANCE  

To visits the force status under the two bridge 
strengthening programs, take the stress of the middle of the 
side span, the middle of the fulcrum, and the middle of the 
cross span, altogether 3 control sections to study. Stress in 
other areas of the bridge is less than three of the above stress; 
therefore, they are not listed.  

Table 1 list the stress of each control section under the 
joint action of before servicing (the first stage) bridge in 
weight, and design of prestressed concrete shrinkage and 
creep. 
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TABLE1. STRESS AT EACH CONTROL SECTION IN THE FIRST STAGE 

location 
Middle of the 
Cross Edge 

Middle 
Fulcrum 

Middle of the 
Cross middle 

Roof 2.667 8.736 2.342 
Floor 4.916 0.738 3.775 

 
We can conclude that from Table1, before the 

maintenance of the control section the bridge is in a 
compressed state. In the cross-section at the fulcrum, by 
cracking of the roof, the sectional neutral axis falls, bending 
moment of inertia is reduced, resulting in increased bending 
stresses on the cross section. And the top plate compressive 
stress increases, the floor compressive stress decreases. 

TABLE2. CONTRAST OF THE STRESS OF EACH CONTROL SECTION UNDER 
THE JOINT ACTION OF VARIOUS LOADS STRESS IN THE FIRST AND SECOND 

STAGES OF THE TWO PROGRAMS. 

Program 
Locati

on 

Midde of 
the Cross 

Edge 

Middle 
Fulcrum 

Middle of 
the Cross 

middle 

Program1 
Roof 4.368 6.887 5.675 
Floor 3.225 1.346 2.452 

Program2 
Roof 4.381 8.342 4.556 
Floor 2.121 2.105 2.662 

Program1 Roof 1.201 0.885 1.282 
Program2 Floor 1.232 1.054 0.881 

 
Table 2 list the stress of each control section under the 

joint action of various loads stress in the first and second 
stages of the two programs. We can conclude that from table 
2, under the joint action of various loads stress in the first 
and second stages, the bridge safety reserves of scheme 1 is 
stronger than scheme 2’s. The scheme 1 can provide more 
than 3.70 MPa compressive stress to the control section 
provides, while the scheme 2 can provide more than 2.30 
MPa compressive stress to the control section. 

 

 

Fig. (4). Deflections at Completion of Construction and After 27 Years 

Fig. 4 shows a comparison of the average of the top and 
bottom vertical displacements of the web at the completion 
of construction and after 27 years. The displacements about 
the pier are not symmetrical due to the effects of the 
supports. The long-term displacements in the short span are 
vertically upwards because the length of the main span is 
longer. The time-dependent effects due to creep, shrinkage 
and relaxation play an important role by causing downward 

deflection at midspan after the 27 years when compared with 
that at the completion of construction phase. The long-term 
deflection after the 27 years obtained from the present model 
increases approximately 51% of that at the state of 
completion of construction. Therefore, it is necessary to 
include the time-dependent effects in the design of 
prestressed concrete bridges to avoid excessive deflection. 

VI. CONTRAST OF CONSTRUCTION 

TECHNOLOGY AND TECHNICAL 

CHARACTERISTICS OF THE TWO METHODS OF 

CONSOLIDATION MAINTENANCE 

These two projects are quite different in both 
construction technology and technical feature. It is better 
choosing project 1 to add in vitro prestress tendons and paste 
the steel plate plan if take into account ensuring long-term 
safe and reliable structure, relatively easy construction, short 
construction period and little influence on the existing 
structure et al.. But if take into account economy and 
durability et al., choosing the project 2 to add in vitro 
prestress tendons and dry rolling concrete pavement layer 
will have more advantages. 

Excessive deflections unexpected at the midspan have 
commonly appeared in long-span prestressed concrete box 
girder bridges, mainly because of the high degree of 
uncertainty in concrete creep and shrinkage, prestress loss, 
and variations in the environment. In response to the 
excessive deflection problem, backup external tendons that 
are tensioned on the basis of periodic inspection during the 
service years of the bridge can be designed. 

 

 
Fig. (5). Increment of Midspan Deflection after Completing the 

Construction of the Bridge 
 

The real frictional loss in the long-span prestressed 
concrete box girder bridge is usually greater than predicted. 
Thus the confidence limit should be considered in designing 
long span prestressed concrete box girder bridges to ensure 
long-term serviceability. 

VII CONCLUSION 

For prestressed concrete continuous beam bridge 
concrete cracking problem, the scheme of additional external 
prestressing tendons beam and steel paste and additional 
internal prestressed beam tendons and the dry rolled concrete 
pavement is practicable.  
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In this destructive test, the breakage of the prestressed 
concrete hollow slab beam bridge abided by such a 
sequence: concrete hinges cracking, side slabs cracking. For 
personal use only; all rights reserved. Middle slabs cracking, 
and finally the bent caps cracking. The deflection of the 
bridge deck showed a bidirectional and symmetrical surface 
distribution with the displacement magnitude decreasing 
gradually from center to around. 

These can be adopted according to the specific 
circumstances of the bridges. Due to the construction time 
limit, the Xiamen overpass which is mentioned in the paper 
has adopted the scheme of additional external prestressing 
tendons beam and steel paste. This scheme has made the 
main bridge get a structural reinforcement, and the stiffness 
of the beam get a enhancement. Force status of the beam, the 
deflections and the line shape of the lane has been improved. 
At the same time, it also restores the original design of the 
normal carrying capacity. There is no disease and no 
extension of the original crack when the new bridge opened 
to traffic operations. The consolidation maintenance of the 
bridge has achieved the desired effect. And we accumulate 
experiences for similar reinforcement project in the future. 
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