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Concrete box-girder bridges are widely used in China. During several routine inspections of two-year-old highway bridges of this
type in the China Central Plains region, we found that transverse cracks are widespread on the bottom ﬂanges of those box girders,
mainly distributed in the area of 1/4L to 3/4L of the span. Selected cracks were then monitored continuously for one year. Our
results showed that there had been no change in the widths of the cracks, but their lengths had increased and new cracks had
formed. Taking into consideration factors like hydration reaction, relative humidity diﬀerence, shrinkage and creep, sunlight
thermal diﬀerential eﬀect, sudden temperature change, vehicle load, and their combined eﬀorts, we have developed spatial
structural models and conducted stress analyses on the reinforced concrete and prestressed concrete box-girder bridges, respectively. Our numerical analysis results indicated that the hydration reaction is the main reason for the initial bottom ﬂange
crack and the temperature diﬀerence between the inside and the outside of the box girders caused the crack developments at the
later stage.

1. Introduction
Concrete bridge structures are inﬂuenced by a variety of
natural conditions where environmental thermal actions,
such as solar radiation, ambient temperature, and wind, play
major roles. Consequently, the temperature distribution
varies and is changing all the time. The change is inﬂuenced
by many factors, such as geographical location, solar radiation condition and intensity, and orientation of the
structure and seasons. For concrete bridges, the heat exchange exists invariably on the structure surface through
radiation, convection, and conduction. Since the heat exchange process is quite complex, a very complicated thermal
load is formed [1].
At the beginning of the 1950s, the importance of thermal
stress to concrete structures was recognized by research
from the former Federal Republic of Germany when an onsite survey analysis of thermal stress of a concrete pier was
carried out. Similar research was completed by the Major
Bridge Engineering Group Corporation of the Chinese

Ministry of Railways in the late 1950s and by others around
the world. In the early days of temperature-induced stress
research, only the temperature variations of the year were
considered. With the progress of the experiment and theoretical study, people started to realize that thermal distribution in the concrete structure was a nonlinear question. By
the 1950s, based on the conclusion of Stephenson from
Great Britain, engineers started to consider the temperature
diﬀerence between sun and shade.
With its long-span capability, good bearing performance, and convenient installation, prestressed concrete
(PC) continuous box-girder bridges have been widely used
in bridge design since the 1960s in China. But during the
construction or the operation phases, many serious cracks
were found on bridges in China and in other countries as
well. Fritz Leonhardt mentioned in his study that the range
of temperature diﬀerences between the upper limb and
lower edge could be 27°C to 33°C when measured on boxgirder and rib girder bridges. Most cracks on prestressed
concrete box-girder bridges were caused by thermal stress.
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Mirambell and Aguado brieﬂy presented an analytical model
to predict temperature and stress distributions [2]. Some
remarks related to the vertical and transverse temperature
diﬀerences were introduced. Barr et al. measured the temperature, strains, and cambers on ﬁve girders of a prestressed
concrete bridge and a matching test girder to study stress and
camber changes caused by elevated curing temperatures and
by variations in service temperatures [3]. Subramaniam et al.
developed an understanding of temperature changes induced
by hydration heat release in the ﬁrst few hours after casting in
the thermal movements and stresses of the concrete deck and
girders [4]. Experimental and analytical studies were conducted on a prestressed concrete girder by Lee to determine
the transverse and vertical thermal gradients of prestressed
concrete girders [5]. In China, Liu proposed a practical
calculation method of thermal stress and received good results
upon comparison with the actual measurement [6]. Ye et al.
conducted a one-year observation of the temperature eﬀect on
a continuous prestressed concrete box-girder bridge during
construction in order to determine the most unfavorable
positive and negative values of temperature diﬀerence in a
concrete box girder [7]. Fang and Wang discussed the
temperature ﬁeld and its variation laws of the box-girder
bridge based on a four-day continuous observation of thermal
diﬀerential eﬀect on a long-span continuous prestressed
concrete box-girder bridge [8].
In the past, researchers concentrated on the temperature
diﬀerence in sunlight when the study of thermal stress in
concrete box-girder bridges was conducted. Although it is
more diﬃcult to analyze sunlight temperature distribution
because of its complexity and rapid change, there is a lot of
achievements in this ﬁeld compared with the study of
sudden temperature change. Relatively, the amount of research on thermal eﬀect caused by sudden temperature
change is not suﬃcient. As is commonly known, concrete is
a nonperforming thermal conductivity material, so when the
ambient temperature changes sharply, the outside temperature changes at nearly the same rate as the environment, but
the internal temperature does not change as much. As a
result, a large temperature gradient develops in box girders,
and, meanwhile, deformation appears. If the deformation is
restrained by material ﬁber and boundary conditions, it will
produce thermal stress. But based on current research, a
conclusion cannot be reached as to what kind of damage it
will cause and whether or not it will lead to cracks on
reinforced concrete (RC) and PC bridges.
Geometric nonlinearity is one of the most important
topics in civil engineering, mechanical engineering, hydraulic
engineering, aviation, and materials engineering. In the
geometric nonlinear state, the strain-displacement relationship is nonlinear, and the large deformation makes the
corresponding problems diﬃcult to solve [9]. At present, with
the development of computer technology, the main numerical
methods of stress analysis of box-girder bridge are ﬁnite
element method and meshless method. Among them, the
ﬁnite element method is currently the most widely used
numerical analysis method. It divides the continuum into
discrete structures composed of ﬁnite grids, which we call
elements. Then, the approximate function of each element is
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used to solve the unknown variables in the whole problem
domain. This method is easy to master, convenient, practical,
and adaptable. The theoretical research on ﬁnite element
method has been very mature, and scientists have also developed a variety of ﬁnite element software, such as ANSYS,
ABAQUS, and MSC [10]. For the formation and propagation
of cracks, we can combine fracture mechanics with the ﬁnite
element method, which is consistent with the actual stress
state even with coarse element meshes [11].
As the ﬁnite element method has the more cumbersome
step of meshing and the inaccuracy of solving speciﬁc
problems, the meshless method came into being. In the
meshless method, the computational domain is replaced by
some discrete nodes, and there is no need to use elements or
grids to interpolate ﬁeld variables, and the relationship between nodes can be changed. This method can partially or
completely eliminate the grid and get rid of the limitation of
the elements. Therefore, the meshless method has caught more
interest in the large deformation problem, crack growth
problem, metal forming problem, and other special problems,
without reconstructing the mesh [12]. But this method needs
to solve the interpolation coeﬃcient of each point in the
problem domain. Meshless method is based on the nodes to
establish approximation function, and it does not need the
remesh of the solution domain when studying large deformation problems. It can increase the density of nodes to obtain
the solutions with higher-computational accuracy [13]. There
are many ways to construct the trial function, and one of the
most commonly used methods is the moving least-squares
(MLS) approximation [14]. Because the method is based on
the MLS approximation, it may form ill-conditioned equations, which results in an incorrect solution. By orthogonalizing the basis functions, Cheng and Chen presented
interpolating moving least-squares (IMLS) approximation to
overcome the shortcoming of MLS approximation. Research
shows that, in numerical examples, the inﬂuences of the
penalty factor, scale parameter of inﬂuence domain, and
weight functions on the computational accuracy are analyzed,
and the numerical solutions show that the improved elementfree Galerkin (IEFG) method for elastoplastic large deformation problems has higher-computational eﬃciency and
accuracy [15]. However, the amount of calculation is still very
large. Moreover, this method started late, and the theoretical
research is not as mature as the ﬁnite element method. After
comprehensive consideration, this paper adopts ﬁnite element
numerical analysis method.
This paper will focus on actual stress states in the reinforced
concrete and prestressed concrete bridges while drastic temperature variation occurs. We have presented in the paper a
suitable temperature distribution according to continuous
observation on a box-girder bridge in central plains region of
China. To analyze the temperature eﬀect, we have built ﬁnite
element models (FEM) and studied the temperature’s eﬀect on
the cause of cracks. Moreover, we have suggested feasible solutions to avoid the issues on the bridge related to the change of
temperature. For example, over the last two decades and especially in recent times, smart materials have attracted immense
interest and have been studied intensively worldwide by both
intradisciplinary and multidisciplinary research groups [16].
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2. Causes of Crack
With the rapid economic development in China, great
progress in bridge construction has taken place. New bridges
are designed and built on a continuous basis. Among them, a
large proportion is box-girder bridges, mainly in concrete.
Based on long-term routine bridge inspections, many cracks
have been found on box-girder bridges, even if they were
designed as prestressed concrete bridges with no crack allowance. Some of them are quite serious. Some of the example cracks are shown in Figures 1 and 2.
Due to numerous cracks at the bottom of girders, some
bridges were strengthened, as shown in Figure 3, which took
huge manpower and material resources. But many bridges
with a similar problem remain under observation without
reinforcement.
In Yun Xing’s paper “Study on the Capability against
Cracking of the Pre-Stressed Concrete Box-Girder Bridges
from the Design Aspect,” he found that “live load should not
be the main factor inﬂuencing the cracking of a long-span
prestressed concrete continuous beam bridge” through
analysis and comparison of three diﬀerent span bridges.
Because the thickness and overall rigidity of the concrete
structure are large and compared with the dead load, the
proportion of live load is small. Beyond vehicular load on the
bridge, wind load and temperature load could also be factors.
In the central plains region of China, wind power is not as
strong as it is in other regions of China so its eﬀect can be
excluded. Therefore, the thermal load was speculated to be
the main cause of this type of crack.

Bottom cracks

Figure 1: Transverse cracks on the bottom of the slab.

Figure 2: Serious cracks on the bottom of the slab.

3. Temperature Effect on Concrete BoxGirder Bridge
Thermal stress can be divided into two parts. The ﬁrst part is
called thermal self-restraint stress. The strain that the ﬁber
undergoes in the internal concrete structure is not the same
due to diﬀerent temperatures between external and internal
structures. Because of the mutual constraint between ﬁbers,
diverse strain leads to thermal self-restraint stress. The
second part is called secondary thermal stress. Each component of the internal system deforms out of phase under
diﬀerent temperatures. These deformations are restricted by
external constraints. Then, the secondary thermal stress
comes into place. Thermal stress is practically nonlinear and
sometimes the stress and strain do not obey Hooke’s law.
There are four main external factors that aﬀect the
temperature of the concrete structure, namely, (1) the hydration heat of cement, (2) the change of annual temperature,
(3) sunlight, and (4) sudden changes in temperature.
R. Springenschmid believes that 2/3 of the stress of concrete
comes from temperature changes, and 1/3 comes from
shrinkage and swelling. The heat of hydration of cement is the
main source of early temperature stress of concrete, and
temperature stress is a very important factor in the early
cracking of concrete. Analyzing the temperature changed by
cement hydration heat is complicated, but this heat can be
regulated by controlling the construction temperature. Annual temperature change is somewhat an average temperature

Figure 3: Bottom slabs strengthened.

change for box girders caused by physioclimate. This change
is slow, and its primary result is longitudinal displacement for
a bridge. The displacement can be adjusted by the expansion
joint or support displacement or set up by the ﬂexible pier and
so on to deal with the problem [17]. Under the blazing sun for
a long period of time, the temperatures of the panel, main
girder, and pier are obviously higher than those of other parts.
Due to their own constraints, partial principal tensile stress is
high and may result in cracks. Wind, cold air, and lack of
sunlight lead to sudden change in temperature across the
structure surface. However, since the internal temperature
change is relatively slow, temperature gradient develops. This
is part of the reason that may raise the principal tensile stress,
leading to the cracking phenomenon.
The ﬁrst two thermal loads are simple to control. Because
of the amount of well-established research on temperature
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diﬀerence due to sunlight, this paper will not go into detail
on the subject. For box-girder bridges, a sudden change in
temperature produces a complicated distributed load. It is
instantaneous and uneven and has a major eﬀect on local
thermal stress. This is one of the main reasons that cause the
box-girder cracking.
Sunlight causes sudden temperature change and annual
temperature change. These changes will aﬀect the diﬀerent
characteristics of the thermal load, as listed in Table 1.
In concrete structures, the thermal state of each point
that is internal or on the surface of the structure at a certain
moment is called thermal distribution. Due to the low coeﬃcient of thermal conductivity of concrete, the obvious
hysteresis occurs in the internal temperature changes in case
of abrupt changes in surface temperature. As a result, there is
a large diﬀerence in the formation of each layer of structure
components or heat diﬀusion nonlinear temperature state.
Thermal load considered in this paper is mainly caused
by a drastic temperature drop. When weather changes
dramatically, ambient temperature changes can reach 10°C
within 24 hours. At that moment, the external temperature
variation of a box-girder bridge is relatively uniform, but the
temperature changes through the thickness direction very
diﬀerent. Commonly, steel bar has a small eﬀect on thermal
distribution, and its inﬂuence can be ignored.
Thermal load acting on an engineering structure is
generated by weather conditions. The thermal load of an
engineering structure is a function that changes over time.
Together with the thermal distribution, which is multidimensional in geometry, analyzing the load is complicated
and demanding a rigorous analytical solution is impossible.
The so-called “thermal load analysis of an engineering
structure” is loosely deﬁned as the use of diﬀerent calculation methods to determine the distribution of a speciﬁc
temperature in an engineering structure. For a certain internal or surface point of an engineering structure, the
temperature Ti at a certain moment can be expressed as
Ti � f(x, y, z, t),

(1)

where Ti of the point is not only associated with the coordinates x, y, and z but also has relationship with time t.
Therefore, for homogeneous material, we can derive the
following three-dimensional unsteady heat conduction
equation according to the Fourier heat conduction theory:
λ

z 2 T z 2 T z2 T
zT
− q.
2 +
2 +
2  � cc
zt
zx zy
zz

(2)

In equation (2), λ refers to thermal conductivity, c refers
to speciﬁc heat capacity, c refers to volume-weight, and q
refers to the heat released within the unit volume.
The measured data shows that the heat conduction state of
a concrete structure can be approximated by a one-dimensional heat conduction state. From a practical point of view,
the approximation is allowed so that the complexity of the
problem may be greatly simpliﬁed. Since the measured
temperature distribution along the longitudinal direction of
the bridge is always relatively even, the temperature diﬀerence
can then be neglected through the longitudinal direction of

the bridge. On a bridge deck, there is always a main heat
conduction direction. For example, the heat conduction along
the vertical direction is much greater than it is along the
horizontal direction when inﬂuenced by solar radiation.
Therefore, the heat conduction through the horizontal direction, which is quite small, can be omitted.
In the initial transient heat conduction, the known
function of the temperature ﬁeld coordinates is T0 (x, y, z);
that is, when t � 0, the initial transient temperature distribution can be considered as constant; that is,
T � f(x, y, z, 0) � T0 � constant.
The actual value of the concrete surface temperature may
be measured by the sensors, so the ﬁrst boundary condition
is selected. That is,
T(t) � f(t).

(3)

Since the temperature diﬀerence can be neglected along
the longitudinal direction of the bridge, the heat conduction
equation can be written as
α

z2 T zT
� ,
zx2 zt

(4)

in which α refers to the thermal conductivity of concrete,
α � (λ/cc).
Referred by Stephenson, Priestlay, and Liu, the following
semitheoretical and semiempirical formula can be used for
the one-dimensional temperature ﬁeld:
T(y) � T(oy) e− cy y + c,

(5)

where cy is an exponential percentage, T(oy) refers to negative temperature diﬀerence of box-girder siding, and y
refers to the distance of a calculated point away from the
outside board.

4. Field Measurement
This test case is a prestressed concrete continuous box-girder
bridge with uniform cross section in central China. It is an
east-west bidirectional four-lane bridge, 116 m in length and
10 m in width. The span combination is 23 + 2 × 35 + 23 m in
four spans. The design load conforms to Chinese highway
level one load. That is, for lane load, the uniform distributed
load is 10.5 kN/m. The concentrated load is selected in
accordance with the following provisions: when bridge
calculated span is less than or equal to 5 m, PK � 180 kN;
when the calculated span greater than or equal to 50 m,
PK � 360 kN; if bridge span is between the two, PK is obtained
by interpolating. The main beam material is C50 concrete. In
order to study the impact of a sudden change in the temperature of a box girder, a long-term continuous observation
was carried out in the autumn and the winter of 2011 in
every half-hour interval. The test was to primarily measure
the environment temperature and the temperature of the
box-girder surface. Figure 4 is the overall layout of the
testing section. T1 to T4 are locations of four testing sections.
Cross-sectional temperature measuring points are shown in
Figure 5.

Mathematical Problems in Engineering

5
Table 1: Contrast of diﬀerent thermal loads.

Type
Sunlight temperature
changes
Sudden drop in
temperature changes
Annual temperature
change

T1

Inﬂuencing
factors

Temporality

Scope

Distribution
characteristics

Eﬀect

Solar radiation

Short-term rapid change

Partial

Uneven

High local stress

Severe cold air

Short-term changes

Total

Uniform

High stress

Slow temperature
changes

Long-term and slow

Total

More uniform

Large overall
displacement

T2

T3

T4

Figure 4: Measuring point layout.

1

3

2

4

Figure 5: Measuring point layout on section.

4.1. Change of External Temperature. According to the
meteorological data, the temperature records of drastic
temperature changes for analysis were ﬁgured out. Figure 6
is the temperature test record with a cold wave. The ﬁgure
shows that the highest temperature of the surrounding
environment is 7.7°C and the lowest temperature is −10.5°C.
Thus, the maximum temperature diﬀerence is −18.2°C. The
highest surface temperature of the box-girder bridge is 7.4°C,
the lowest temperature is −10.9°C, and the maximum difference in temperature is then −18.3°C. The test results show
that the box-girder surface temperature and ambient temperature are roughly the same.
4.2. Internal Temperature Change. Figure 7 is the box-girder
internal temperature change. The test results show that the
box-girder maximum internal temperature is 7.3°C, the
lowest temperature is 0.4°C, and the maximum diﬀerence in
temperature is 6.9°C.
4.3. Diﬀerence between the External and Internal
Temperatures. With the comparison of the temperature
curve between the inside and the outside, both can be seen to
follow roughly the same trend. But due to low concrete
thermal conductivity, the internal temperature change of
box girders is more gradual than the outside. Figure 8 shows
the contrast curves of inside and outside temperatures. As
can be seen from Figure 9, when the ambient temperature
changes dramatically, a large temperature diﬀerence can be

expected. As a result of this survey, a maximum diﬀerence
was reached in the early morning at −12.8°C.
4.4. Results Analysis. According to the measured temperature data, the maximum box-girder temperature diﬀerence
between the inside and the outside was −12.8°C. At that time,
the outside temperature of the box girder was −10.5°C, and
the inside was 2.3°C. The bottom plate thickness was 0.25 m.
Following the semitheoretical semiempirical formula shown
in equation (5), based on the measured temperature curve,
the approximate distribution of temperature along the
thickness direction can be obtained:
T(y1) � −12.8e− 38y + 2.3.

(6)

5. Numerical Analysis
5.1. Assumption of Temperature Stress. In the stress calculation caused by thermal load, the temperature distribution along the girder longitudinal direction is assumed to
be fairly uniform, and the small diﬀerences in the distribution due to small change of the cross section are
ignored. Concrete is considered a homogeneous and
isotropic material, and it is in line with the law of elastic
deformation before cracking. The planar cross-section
assumption is tenable. Thermal stress is ﬁrstly calculated
under individual load of temperature diﬀerence and then
superimposed.
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Figure 6: External temperature test curve of the box girders.
Internal temperature curve
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Figure 7: The box girders internal temperature test curve.

5.2. Finite Element Modeling (FEM). A box girder was
modeled with a bridge-dedicated analysis software. A typical
single-box single-cell girder cross section is selected for this
bridge. An eight-node solid element was used to simulate
and analyze with measured parameters. There were 50,715
nodes and 41,560 elements for the RC model and 50,747
nodes and 41,576 elements for the PC model. The cross
section of the box girder is shown in Figure 10 and the ﬁnite
element model is shown in Figure 11.
Materials of the model are shown as follows:
(i) Concrete: C50; modulus of elasticity: 34500 MPa;
Poisson’s ratio: 0.2; single shaft ultimate tensile
strength: 2.6 MPa; single shaft ultimate compressive
strength: 32.4 MPa; bulk density: 2460 kg/m3.

(ii) Prestressed reinforcing steel: Rj � 1860 MPa; diameter: 15.24 mm.
Four working conditions are set:
(i) Condition 1: dead load + eﬀect of temperature
diﬀerence between the inside and the outside of the
box.
(ii) Condition 2: dead load + eﬀect of temperature
diﬀerence between the inside and the outside of the
box + live load.
(iii) Condition 3: dead load + eﬀect of temperature
diﬀerence between the inside and the outside of the
box + prestress.
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Figure 8: Inside and outside temperature contrast.
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Figure 10: Box-girder cross section.
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1348.830 2697.660 4046.489 5395.319

Figure 11: FEM model.
Inside the box girder
2.3°C
Panel

–10.8°C

Outside the box girder

Figure 12: Temperature distribution along the beam thickness direction.
P1, N/mm2
0.0%
0.1%
0.1%
0.2%
0.2%
0.2%
0.2%
0.3%
0.5%
0.8%
8.1%
10.5%
16.9%
20.8%
17.0%
24.1%

+2.00511e + 001
+1.87702e + 001
+1.75502e + 001
+1.62693e + 001
+1.49274e + 001
+1.35702e + 001
+1.22740e + 001
+1.09778e + 001
+9.68167e + 000
+8.38549e + 000
+7.08931e + 000
+5.79313e + 000
+4.49695e + 000
+3.20077e + 000
+1.90459e + 000
+6.08408e – 001
–6.87771e – 001

Figure 13: Condition 1: dead load + eﬀect of temperature diﬀerence.

(iv) Condition 4: dead load + eﬀect of temperature
diﬀerence between the inside and the outside of the
box + prestress + live load.
Temperature distribution is considered as T(y1) �
−12.8e− 38y + 2.3. The temperature distribution along the box
beam thickness direction is shown in Figure 12.

5.3. Results of Various Working Conditions. Results of
working Conditions 1 and 2 are shown in Figures 13 and 14,
respectively.
For the reinforced concrete bridge, the results of the
calculation by Condition 1 show that, with only the temperature eﬀect, the maximum stress of the lower edge of the
base plate has reached 5.9 MPa, while the C50 concrete
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P1, N/mm2
0.0%
0.1%
0.2%
0.2%
0.2%
0.2%
0.3%
0.4%
0.6%
1.1%
9.6%
9.7%
20.0%
18.0%
16.8%
22.8%

+1.93437e + 001
+1.81031e + 001
+1.69216e + 001
+1.56810e + 001
+1.43813e + 001
+1.30669e + 001
+1.18115e + 001
+1.05562e + 001
+9.30082e + 000
+8.04547e + 000
+6.79012e + 000
+5.53476e + 000
+4.27941e + 000
+3.02405e + 000
+1.76870e + 000
+5.13341e – 001
–7.42012e – 001

Figure 14: Condition 2: dead load + eﬀect of temperature diﬀerence + live load.
P1, N/mm2
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.3%
0.4%
0.4%
0.6%
0.7%
0.8%
1.2%
15.6%
44.1%
34.7%

+4.59284e + 001
+4.30070e + 001
+4.00856e + 001
+3.71642e + 001
+3.42428e + 001
+3.13214e + 001
+2.84000e + 001
+2.54786e + 001
+2.25572e + 001
+1.96358e + 001
+1.67144e + 001
+1.37930e + 001
+1.08716e + 001
+7.95016e + 000
+5.02876e + 000
+2.10735e + 000
–8.14048e – 001

Figure 15: Condition 3: dead load + eﬀect of temperature + prestressed.

tensile strength is only 2.6 MPa. Therefore, only under the
inﬂuence of the dead load and the temperature diﬀerence
between the inside and outside of the box girder, the edge of
the box girder will crack. When the vehicle load (Condition
2) is added, the tensile stress of lower edge increases further.
Therefore, in the actual operational process, if the cold wave
occurs near the bridge site region, the bottom of the box
girder would form a large crack under the combined action

of dead load, vehicle load, and the temperature diﬀerence
between the inside and the outside of the box.
Results of working Conditions 3 and 4 are shown in
Figures 15 and 16, respectively.
For a prestressed concrete bridge, the results of the calculation by Condition 3 show that the stress of the bottom
slab is between 1.9 and 2.3 MPa when aﬀected by dead load,
temperature diﬀerence, and prestressed force. Compared with
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P1, N/mm2
0.2%
0.2%
0.2%
0.2%
0.2%
0.3%
0.2%
0.4%
0.4%
0.5%
0.7%
0.8%
1.3%
17.8%
42.6%
33.9%

+4.47071e + 001
+4.18568e + 001
+3.90064e + 001
+3.61560e + 001
+3.33057e + 001
+3.04553e + 001
+2.76049e + 001
+2.47545e + 001
+2.19042e + 001
+1.90538e + 001
+1.62034e + 001
+1.33530e + 001
+1.05027e + 001
+7.65229e + 000
+4.80192e + 000
+1.95155e + 000
–8.98825e – 001

Figure 16: Condition 4: dead load + eﬀect of temperature + prestressed + vehicle load.

the tensile strength of the concrete, 2.6 MPa, the diﬀerence
between them is small. Due to the quality of on-site pouring,
concrete strength is discrete. Hence, there would be some
parts with insuﬃcient strength. This may also cause cracking.
The results of Condition 4 show that, under the eﬀect of
dead weight, temperature, and vehicle load, the stress of the
bottom slab is still up to 3.4 MPa, even for a prestressed
concrete bridge. Average stress also reaches 2.7 MPa. A
prestressed concrete box girder in the actual process operation will still crack, especially within an area with extreme
weather.
In summary, compared with the reinforced concrete
structure, despite the fact that prestressed concrete structures’ force has greatly improved, the tensile stress on the
bottom of the box girder generated by temperature diﬀerence and vehicle load is generally higher than the tensile
strength of the concrete. Thus, it is likely to crack in practice.
The thermoelectric eﬀect along the bridge longitudinal direction is not in eﬀect. As a result, if there is cracking, it
would cover the whole bottom slab, which corresponds to
the actual observations (as illustrated in Figures 1 and 2).

results reveal that, due to the temperature diﬀerence between
the inside and the outside of the box, the thermal self-restraint stress comes into place. Aﬀected by temperature
diﬀerence, the tensile stress of the bottom slab exceeds the
tensile strength of the concrete. Moreover, building more
ventilation holes to enhance the box-girder internal and
external heat exchange is more eﬀective to make inside and
outside temperatures closer and to help reduce the probability of cracking caused by temperature diﬀerences.
However, since this study focuses mainly on the thermal
diﬀerential eﬀect in the central plains of China. Due to
diﬀerences in geographical environments, the environmental conditions of bridges in nearby locations are not all
the same. Therefore, future reference values of thermal
diﬀerential eﬀects in diﬀerent regions need to be collected in
the future to extend the study.

Data Availability
The data used to support the ﬁndings of this study are
available from the corresponding author upon request.
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