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ABSTRACT

The temperature is one of the important structural design parameters in the construction control of bridges.
The structural stress and deformation are significantly influenced by the temperature. As a complex random
variable, the temperature parameter has a close relationship with the structural location, orientation, materials,
and the natural conditions, as well as the time variable, and is very difficult to be determined in the
construction. In this study, in order to compute the temperature stress from the bridge structures effectively
and accurately, the factors affecting the temperature stress are analyzed. The calculation method of the
temperature field of the concrete structures is investigated. According to the basic assumption, the calculation
formulas of the temperature self-restrained stress and the temperature inferior stress are thoroughly analyzed,
and the corresponding calculation formulas are proposed, respectively. Furthermore, based on the proposed
calculation models, adopting the fine element numerical simulation method, the influence of the temperature
on the bridge structure stress is analyzed and investigated. The research results provide an import theoretical
and experimental basis for the construction control of bridges.
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stress, Finite element analysis (FEA).

1. INTRODUCTION

The object of the construction control of a bridge includes
the deformation and stress of the structure. The purpose of
construction control is to ensure that the theoretical value is
basically consistent with the measured value at all stages of
construction, and ultimately to achieve the ideal finished state
of the bridge. But in the actual construction process, the
theoretical value is not consistent with the measured value;
the main reason for this is the improper selection of structural
design parameters in the theoretical calculation [1-11].
Structural design parameters mainly include structural
geometry parameters, section parameters, temperature design
parameters, load parameters, material parameters, and so on.
The temperature design parameter has a close relationship
with the geographical position, direction, natural condition,
material, and so on of a bridge and is difficult to determine.
The temperature parameter is a complex random variable; it
plays an important role in determining the stress and
deformation of the structure [12-23]. This paper analyzes the
causes of temperature stress. According to the basic
assumption, the practical calculation method of temperature
stress is put forward under the condition of given temperature
distribution, and the influence of temperature stress on the
construction control of the bridge is analyzed with an
engineering example [24-27].
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2. TEMPERATURE EFFECT ANALYSIS OF LONG
SPAN BRIDGES

2.1 Causes of temperature stress

Temperature has an influence on a bridge structure,
including the annual temperature difference and partial
temperature difference. The influence of annual temperature
difference is the effect of temperature changes with the
seasons. It is usually assumed that the temperature changes
uniformly along the section height of the structure. For the
concrete box girder with no horizontal constraint, the
influence of annual temperature difference only causes a
uniform deformation of the structure and does not induce
temperature stress in the structure. The influence of partial
temperature difference is the influence of the temperature
difference of sunlight, as it will produce temperature stress in
the structure. Temperature stress includes two aspects, one is
the temperature stress itself, and the other is temperature
secondary stress.

2.2 Analysis of temperature field of concrete structure
Due to the impact of the intensity of solar radiation, the

position of a bridge, sunshine time, geographical location and
other factors, a non-uniform distribution of the temperature



difference between the surface of the bridge and bridge
interior occurs during the construction process. Since the
thermal conductivity of concrete is small, in the case of rapid
temperature changes, there is a significant change in the
internal temperature hysteresis, leading to heat in each layer
of concrete, thereby forming a non-linear temperature field
distribution. In fact, the thermal conductivity of the bridge
structure is a function of the spatial coordinates and time, and
the  temperature field is  wusually  represented

by T = f(X,¥,2,t) . An analysis of the temperature field

method can be mainly conducted in the following ways: first,
by using the thermal conduction differential equation; second,
by using the approximate numerical solution; third, by using
the semi-theoretical and semi-empirical formula %1, In this
paper, the third method was used to study the temperature
field of a box girder: the temperature of a concrete structure
was measured at various points under different climatic
conditions. Based on the above research, an applicable
formula has been established during the project.
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Figure 1. Temperature difference model

The configuration of the bridge members causes a
significant influence on the distribution of the temperature.
According to the previous conclusions, the distribution of the
temperature is generally uniform along the bridge span.
Therefore, the temperature difference along the bridge span
can be ignored. The thermal conduction along the bridge
cross section is much greater than that along the bridge span.
In this study, for simplicity, an analysis of one-dimensional
thermal conduction along the bridge cross section has been
carried out. The temperature distribution is determined
according to the one-dimensional temperature field expressed

asT = f(y,t).

Based on the theory of the temperature field and the in-situ
actual measurement, the model of temperature difference
(T(y) ) is proposed with an exponential function form
expressed as follows:

— -Gy

where, Ty, stands for the temperature difference of the top
slab of the box girder bridge, which is determined
experimentally; C, denotes the model parameter, which is

derived from regression analysis; Y means the distance

between the measurement point and the top slab.
The distribution of the temperature difference model is
illustrated in Figure 1.
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2.3 Calculation of thermal stress

After the temperature distribution is determined, based on
the thermal physical properties of concrete, the temperature
load can be obtained. Temperature load is generally divided
into three types: sunshine temperature load, a sudden drop in
temperature load, and annual temperature load. For a
statically indeterminate continuous rigid frame bridge, under
the nonlinear temperature mode, temperature load not only
causes structure deflection, but will also produce self-phase
equilibrium temperature self-restrained stress in the cross
section and temperature secondary stress by redundant
constraint. The calculation theory of the temperature stress of
the box girder is mainly based on the following basic
assumptions:

(UThe temperature distribution along the longitudinal
direction of the bridge is uniform.

(2)The concrete is a homogeneous elastic material, which
obeys Hooke's law.

(3The deformation of the beam is assumed to obey the
plane section assumption, and the thin-walled effect of the
box girder is not considered.

(4)Xf we consider the temperature stress caused by the
multi-direction temperature load, temperature stress will be
calculated according to the one-way temperature load, then
the temperature difference stress superposition.

(1) Calculation of the temperature self-restrained stress

Provided the temperature difference distribution curve is

an arbitrary curve T (Y), and a unit beam section is taken,

when the longitudinal fiber is not restrained and can freely
stretch, the free deformation of each point along the beam
height is:

e (y)=aTl(y)

where ¢ represents the material linear expansive coefficient.
According to the plane section assumption, the line
position of the section after the actual deformation is:

)

ga(y) = ‘90 +¢y (3)
where g,the deformation is value for y=0 of the section,

and ¢ represents the curvature after deflection of the

beam segment.
The strain shadow part in Figure 2 is thermal strain, its
value is:

&, (Y)=&(Y)—¢&,(y)=aT(y)—(&+¢)

So the temperature self-restrained stress for e,(y) is as
follows:

o,(y) =Ee,(y) =ElaT(y) (5, + )}

No external load acts on the beam segment unit, since there
is self-restrained stress on the cross section in a state of
equilibrium, from the equilibrium condition:

Zx =0, the following equation can be obtained:

(4)

®)

[ Ez, (y)b(y)dy=0 ©)


http://dict.cnki.net/dict_result.aspx?searchword=%e6%b8%a9%e5%ba%a6%e8%87%aa%e5%ba%94%e5%8f%98&tjType=sentence&style=&t=thermal+strain

ZM =0 , the following equation can be obtained:

LE%WWWXY—%Ny:O

()
By the above formula (6) and formula (7) can be solved:
£ =" [T(B(Y)dy - . @
#="T [ TOBYY-yo)dy ©

In the formula: A=jhb(y)dy, I =fhb(y)y(y—yc)dy

Put formula (8) and formula (9) into formula (5), and the
thermal stress o, (y) can be obtained.

(2) Calculation of temperature secondary stress
In a concrete continuous rigid frame bridge, the
temperature deformation g and the curvature ¢ will be

restricted by a redundant constraint, and then temperature
secondary stress will be induced. The temperature secondary
stress can be obtained by the method of structural mechanics.
Take the bar element with both ends fixed, the load vector
{F} of the element node which is caused by the temperature

change can be expressed as ¢+ ¢.

EA(g, + )
0
Elg
- EA(go +¢yc)
0
—Elg¢

(10)

FEEE

The node force vector {F} of the whole structure can be

obtained by the node load of each bar element. The matrix
displacement equation is expressed as follows:

[kJiaj+{F}=0

In the formula, [k] represents the total stiffness matrix of

the structure, and {A} represents the nodal displacement

vector of the unit.

Equation (11) can be derived from the structure caused by
temperature variation of node displacement, the nodal
displacement caused by structure temperature variation can

be obtained by formula (11). The formula{f }* =[K A}* can
calculate the structural temperature internal force N, « Q; -
M; and the temperature secondary stress, o (y) . For

prestressed concrete continuous rigid frame bridges, the total
temperature stress of the structure can be obtained through
the above analysis.

The total temperature stress at the cantilever construction
stage is:

(11)

o (Y)=o,(y) (12)
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The total temperature stress at the completion of the
middle span closure is:

O-T (y) = o-s (y) + O-sx (y) (13)

_Tw)

-
X

Figure 2. Calculation sketch map of the temperature self -
restrained stress

3. NUMERICAL SIMULATION
3.1 Bridge construction description

The Yili River Bridge is a key part of Highway 313 of
Xinjiang Uygur Autonomous Region. It has a full length of
1580.52m. The main bridge is a continuous rigid-frame
bridge with a span arrangement of 66+5%120+66m. The main
bridge made of prestressed concrete is a twin box and single
cell box girder. The bridge approach adopts a prestressed
concrete T-girder with a single span of over 40m. The bridge
approaches at both ends have 14 spans and 7 spans. The
longitude slope is less than 2% and the horizontal slope is
1.5%. The bridge is 25.5m in width with four lanes. As for
the load, vehicles are designed at level 20 or above and
handcars, 120. The driving speed is designed at 100 km/h.

3.2 Finite element analysis

In this paper, the finite element method is used to analyze
the internal force of the structure. The whole structure can be
divided into a number of units by using the finite element
method; by analyzing each unit, one can obtain very good
accuracy. According to the design information, the bridge is
separated into 211 deck units (in the form of variable cross-
sections), 6 base units with infinite stiffness, and 24 rigid pier
units (in the form of uniform cross-sections). The size of the
girder segment of the bridge span structure is strictly
designed and constructed according to drawings. There are 46
types of prestressed steel beams, 215 of which address the
influences of concrete shrinkage, creep, prestress,
temperature variation, and bearing displacement. The
calculation process consists of 70 construction stages. The
main bridge of the Yili River Bridge adopts the
construction sequence as follows: cast-in-situ of the cantilever
for basket— closure of the side span— closure of the
secondary span— closure of the midspan. In the treatment of
the box girder diaphragm, the diaphragm is regarded as a
concentrated load with weight and volume, which is applied
to the beam. The ANSYS calculation model is shown in
Figure 3.


http://dict.cnki.net/dict_result.aspx?searchword=%e6%9d%86%e5%8d%95%e5%85%83&tjType=sentence&style=&t=bar+element
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Figure 3. ANSYS computing model
3.3 Effect of temperature variation on bridge structures

Temperature variation along the length direction of the
bridge is small. Due to the poor thermal conductivity of
concrete structures, changes in ambient temperature and
sunlight, there is a large temperature gradient in the vertical
direction of the bridge surface and interior. The arrangement
of temperature measuring points should reflect the changes in
the gradient. The upper surface and the lower surface of the
top plate of the cross section are respectively arranged
measuring points; the measuring points are arranged on the
web plate, and are respectively arranged on the upper surface
and the lower surface of the bottom plate.

The temperature field is measured when the strain is tested.
To test it, choose a time of day when the temperature changes
dramatically, and test once every two hours, analyzing the
rule of the temperature field with the temperature change.

In addition, in order to study the force of the beam body,
the temperature field needs to be tested all day long when the
beam is closed.

3.3.1 before closure

Taking into account the long-term temperature difference
is relatively simple, just assume that the entire section of the
beam uniform rises or falls. In the segmental construction
analysis it is relatively easy to achieve. The local temperature
difference mainly refers to the sunshine temperature
difference and sudden drop in temperature. Due to the poor
thermal conductivity of concrete, the temperature difference
of the structure distribution is not linear; the key to studying
the temperature effect on a concrete bridge is to determine the
most unfavorable temperature distribution. The sunshine
temperature difference's effect on a continuous rigid frame
bridge not only leads to the deformation of the structure, but
also to temperature secondary stress and temperature self-
restrained stress. The effect of the sunshine temperature
difference's load on the structure is often no less than the
effect of the vehicle load, so we have to analyze the effect of
the partial temperature difference on the bridge construction
control. According to local conditions, the partial temperature
difference is set to 5 degrees. The change in internal force
and the deflection of the rigid frame pier are analyzed with
ANSYS software when the roof temperature rises 5 degrees.
Figure 4 is a diagram showing the deflection of each node of
0" block, Figure 5 the stress for each node at the roof of 0°
block, Figure 6 the stress for each node at the web of 0”
block.

Under the influence of temperature differences, the
maximum compressive stress at the roof of 0”block rigid
frame pier is 0.34MPa, and the maximum tensile stress is
0.39Mpa according to the ANSYS software analysis.
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Figure 4. Deflection caused by temperature difference of 0°
block
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Figure 5. Roof stress caused by temperature difference of 0”
block
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Figure 6. Web stress caused by temperature difference of 0”
block

3.3.2 after closure

After the bridge closure is completed, the structure of the
bridge changes from a statically determinate structure to a
statically indeterminate structure. At this time the stress
generated by the temperature difference is composed of two
parts: the temperature secondary stress and the
temperature self-restrained stress.



We analyze rigid frame piers in order to carry out a
comparison with before closure as shown in the node
deflection diagram, while the stress diagram of the roof and
web are obtained after closure as shown in Figures 7-9.
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Figure 7. Deflection caused by temperature difference of 0°
block after closure
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Figure 8. Roof stress caused by temperature difference of 0”
block after closure
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Figure 9. Web stress caused by temperature difference of 0”
block after closure

The stress changes in the beam segment's upper and lower
flange under the temperature difference's influence before and
after the beam section closure are listed in Table 1. Before
the beam section closure, the cross sections of the upper edge
plate are all affected by tensile stress, the maximum tensile
stress value is 0.39MPa; the cross sections of the lower edge
plate are all affected by compressive stress, the maximum
compressive stress value is 0.34MPa. After the bridge closure
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is completed, the structure of the bridge changes from a
statically determinate structure to a statically indeterminate
structure, and the structure system tends to be perfect. The
cross sections of the upper edge plate are all affected by
compressive stress, the maximum compressive stress value is
1.92MPa; the cross sections of the lower edge plate are all
affected by tensile stress, and the maximum tensile stress
value is 0.06MPa. After closure, because of the change in
structure, the system leads to an increase in temperature
secondary stress. The influence of the temperature secondary
stress in turn leads to an increase in compressive stress in the
roof section. However, the temperature stress in the bottom
slab of the box girder bridge slightly decreases after closure,
compared with that before closure. The distribution of the
temperature stress along the bridge span is presented in
Figure 10. It is indicated that the temperature stress is
uniformly distributed. The influence of the temperature on the
stress of the top slab is significant, whereas the influence is
smaller on the stress of the bottom slab. In addition, the
temperature stress on the bottom slab is close to zero and can
be ignored.

Table 1. Comparison of stress variation in each section
before and after closure

U lab stress (MPa) Lower slab
Beam PPer siab SWesSTMP) stress (MPa)
segment  Before After Before After
closure closure closure closure
0 -0.38 1.36 0.34 -0.06
1 -0.38 1.57 0.34 -0.05
2 -0.38 1.70 0.33 -0.05
3 -0.39 1.77 0.32 -0.04
4 -0.39 1.85 0.31 -0.04
5 -0.39 1.92 0.30 -0.03
6 -0.39 1.88 0.25 -0.02
7 -0.39 1.90 0.24 -0.02
8 -0.39 1.89 0.22 -0.02
9 -0.39 1.87 0.20 -0.01
10 -0.39 1.89 0.17 -0.01
11 -0.38 1.92 0.15 -0.01
12 -0.38 1.90 0.13 -0.01
13 -0.38 191 0.10 0.00
14 -0.37 1.92 0.07 0.00
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2.00 , — % —¢ ¢ ¢ 4 ¢+ % ¢ ¢ o
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Figure 10. Stress comparison between before and after
closure



4. CONCLUSION

(1)The temperature design parameter has a close
relationship with the geographical position, direction, natural
condition, material, and so on of a bridge and is difficult to
determine. The temperature parameter is a complex random
variable; it plays an important role in determining the stress
and deformation of the structure. Particular attention should
be paid to the influence of temperature on the construction
control of long span bridges.

(2) The temperature load of sunlight, a sudden drop in
temperature, and annual temperature variation will produce a
temperature effect on a concrete bridge. Because the annual
temperature variation is simple and the distribution is uniform,
this factor is taken into account in engineering designs.
Therefore, this paper mainly focuses on the calculation
method for the temperature load effect of the sunlight and the
sudden drop in temperature.

(3) On the basis of analyzing the reason for the
temperature stress, a practical calculation method for the
temperature stress is put forward, which is based on the basic
assumption and the temperature distribution.

(4)The temperature difference load effect on a bridge is
composed of two parts: the partial temperature difference
stress and the integral stress of the structure.
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