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To study the effect of the temperature field and gradient of a steel-concrete composite box girder bridge, a 5× 35 continuous
composite box girder bridge is used as the research object. (e temperature measuring point is set by selecting a typical cross
section, and the temperature change data are measured. (e temperature field of the different positions in the composite box
girder bridge is studied, the global and local temperature differences are compared, and the law of temperature distribution and
the main factors affecting the temperature field are formulated. (e most unfavourable expression function of the vertical
temperature gradient of the section is simulated using the measured data, the existing standard temperature gradient mode is
compared, the finite element model of the bridge is established, and the influence of the actual temperature gradient mode on the
stress and deformation of the composite girder is further analysed. (e conclusions show that the temperature differences of
different azimuth sections and the local temperature differences between the steel and concrete joint parts of the steel-concrete
composite box girder bridge are not significant. (e temperature gradient heating and cooling model fitted by the measured
temperature field can be used as a reference for the structural design of similar local bridges.

1. Introduction

A steel-concrete composite box girder bridge is directly
exposed to the environment, and the energy exchange be-
tween the bridge and the surrounding environment affects
the temperature field of the composite box girder bridge
[1–5]. For bridges with steel box girders, temperature
changes impact the stress and deformation of the main
girder, resulting in changes in the characteristics of the
whole bridge [6–11]. Many factors, such as solar radiation
intensity, bridge orientation, climatic conditions, materials,
and bridge cross section, will affect the temperature field of
composite box girder bridges [12–16].(us, the temperature
field of steel-concrete composite box girder bridges can be
extremely complex. However, due to periodic solar radiation
and the complex heat exchange between the structure and
air, the temperature at different locations of such a bridge

varies greatly with time. (erefore, further investigation of
the temperature field of steel-concrete composite box girder
bridges and analysis of the temperature gradient effect will
provide key information for the design of steel-concrete
composite box girder bridges and their maintenance during
long-term service [17].

In recent years, bridge temperature monitoring tech-
nology has provided an effective method to study the
temperature field and its influence on steel-concrete com-
posite box girder bridges based on monitoring data [18–20].
A large number of monitoring systems [21–25] are installed
on steel-concrete composite box girder bridges worldwide,
which is helpful to statistically analyse the temperature field
of steel-concrete composite box girder bridges. For example,
Zhou and Sun [26] studied the temperature effect of bridges
in daily and annual cycles. In addition, some studies use
statistical analysis techniques to predict long-term extreme
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thermal effects based on limited short-term data [5, 27–33].
Although these measurements capture the temperature
behaviour of the bridge on-site, the number of measuring
points is usually limited due to the high cost of the moni-
toring system. In addition, the amount of data collected at
each monitoring location is limited because it depends on
the service life of the monitoring system.

With the rapid development of numerical simulation
technology, the finite element method has been widely used
to calculate the temperature effect under complex
boundary conditions. For example, Wang et al. [34] in-
vestigated the individual and coupling effects of the ver-
tical, transverse, and longitudinal temperature gradients of
bridges by using the finite element method. Lawson et al.
[35] used heat flow to analyse the temperature gradient of
concrete box girders and composite steel bridges, which
provides a better understanding of the thermal effect of
bridges under extreme climate conditions. Environmental
conditions such as solar radiation and air temperature
fluctuate greatly over time and have significant uncertainty,
which makes it difficult to compare the simulated tem-
perature field with the field measurement results. In ad-
dition, due to the large and complex bridge system and
complex geometric structure of steel-concrete composite
box girder bridges, it is challenging to simulate the tem-
perature field of this type of bridge over a long period.
(erefore, the simulation of the related heat conduction
requires extensive calculation.

In view of the above problems, this paper studies the
temperature field of a steel box girder, analyses the tem-
perature value of each measuring point, discusses the
simulated temperature gradient effect, and further analyses
the influence of the measured fitting temperature gradient
model on the stress and deformation of the composite
girder. In this paper, the temperature gradient model fitted
with the measured temperature field can provide a refer-
ence for the structural design of similar local bridges and
further deepen the understanding of the temperature
distribution and change in steel-concrete composite box
girder bridges.

2. Design and Methods

(e Viaduct fifth joint is a 5× 35m continuous box com-
posite beam with a 24m bridge deck width and 6 two-way
lanes, including a motorway with a full width of 22.5m, an
anticollision guardrail with a full width of 1.0m, and a
central separation guardrail with a full width of 0.5m. It has
an open channel section overlaid with a concrete slab and a
1.5% cross slope of the bridge deck, formed by an unequal
height of the web.(e 35m standard span is a composite box
girder with equal cross section.(e average height of the box
girder is 1.75m, of which the steel box girder is 1.40m high
and the concrete slab is 0.35m thick.

(e steel beam material is Q345qD, and the beam body
was fabricated by prefabrication and on site assembly. (e
section of the steel beam is a single box with four
chambers, the width of the upper flange plate is 0.60m, and
the thickness is 26mm. (e bottom plate is 16.00m wide

and 20mm thick. (e webs on both sides are 1.31m high
and 16mm thick.(e steel box girder adopts the transverse
diaphragm structure of a web vertical rib + top and bottom
plate transverse ribs. (e spacing of the diaphragm is
1.00m at the pier top and 2.0m at the midspan. (e
concrete was poured in the steel box at the top of the
middle pier, and the concrete and the steel beam were
connected together through the bottom plate stiffening rib
of the pier top. (e fifth steel box girder is divided into 46
beam sections, the section sizes are 1.92m, 3m, and 4m,
and the unit weights are 16.3 t, 19.3 t, and 25.9 t, which are
manufactured by the factory. After transportation to the
site, temporary piers and supports were installed by lifting
and erecting in sections. (e temporary piers and supports
were lifted into place from the small mileage to the large
mileage, then retested and adjusted, and finally welded
together.

(e bridge deck is made of C50 high-performance
concrete, which is cut vertically and horizontally and was
prefabricated in blocks. (e thickness of the bridge deck is
0.35m, and the types are side slabs, secondary middle
slabs, and middle slabs. (e sizes of these slabs are
2.52m × 2.6m, 3.1m × 4.65m, and 3.1m × 9m, nearly
3.5m. With the precast slab in place, the overlapping
distance between the precast slab and the top flange plate
and the top diaphragm is 50mm, the width of the lon-
gitudinal cast-in-place joint of the bridge deck is 500mm,
and the width of the transverse cast-in-place joint is
400mm. (e whole cast-in-place bridge deck is used at
both ends of the whole bridge, the cast-in-place material is
C50 nonshrinkage micro-expansion compensation con-
crete, and the expansion rate is 2 ×10−4. (e discontinuous
construction method was adopted for the concrete bridge
deck. First, the deck in the positive bending moment area
was constructed to join the steel beam, and then the
composite section was used to carry the structural stress as
soon as possible. (en, the deck in the negative bending
moment area was constructed to greatly reduce the tensile
range and value. In the negative moment area, before the
bridge deck was combined with the steel beam, the fulcrum
was lifted first, and then it fell back into position after the
bridge deck was combined and hardened, and a com-
pressive stress was applied to the bridge deck to reduce the
negative moment on the pier top. (e layout of the whole
bridge is shown in Figures 1 and 2.

First, to determine the temperature change on the cross
section of the bridge, temperature sensors are embedded in
the middle of the first span, the second span, and the third
span of the steel-concrete composite box girder bridge, and
on sections #16 and #17, the pier top is used to measure the
temperature distribution. Among them, 4 measuring points
are arranged in the deck concrete, and 6 measuring points
are arranged in the steel box girder. (e specific test section
is shown in Figures 3 and 4, with the measuring point (field
sensor) arrangement.

Table 1 shows the meteorological data where the bridge
is located: the weather conditions, wind direction, maximum
temperature, and minimum temperature both during the
day and at night.
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Figure 1: Structural layout of the fifth steel beam.
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Figure 2: Structural plan of the bridge deck (unit: m).
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Figure 3: Location of the test section (unit: mm).
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Figure 4: Layout of section measuring points (unit: mm).

Table 1: Meteorological data record.

Date
Day Night

Condition Wind direction Maximum
temperature (°C) Condition Wind

direction
Minimum

temperature (°C)
2021-06-06 Cloudy North wind≤ 3 26 Cloudy North wind≤ 3 15
2021-06-07 Sunny North wind≤ 3 32 Cloudy North wind≤ 3 18
2021-06-08 Cloudy North wind≤ 3 28 Sunny North wind≤ 3 18
2021-06-09 Sunny North wind≤ 3 32 Cloudy North wind≤ 3 20
2021-06-10 Cloudy North wind≤ 3 32 Cloudy North wind≤ 3 20
2021-06-11 Sunny North wind≤ 3 32 Cloudy North wind≤ 3 19
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3. Results and Discussion

3.1. Establishment of a Finite Element Model. In this paper,
the fifth section of the viaduct is selected as a case study. (e
35m box composite box girder bridge is modelled and
analysed by using the finite element software midas Civil.
According to the design drawings and the defined con-
struction stage, the steel box girder and concrete deck are
simulated by using beam elements. (e whole bridge is
divided into 121 nodes, 120 elements, and 16 boundary
conditions (including permanent piers and auxiliary piers).
(e steel-concrete composite section is simulated by the
joint section in the construction stage. Considering the
construction temporary load, the self-weight coefficient is
1.1, and the second phase dead load is 20 kN/m.

According to the most unfavourable temperature gra-
dient rise and drop curve, the temperature difference of the
box composite beam section presents a nonlinear distri-
bution, and the linear expansion coefficient and elastic
modulus of the steel box girder and concrete bridge deck are
not the same. (erefore, the loading mode of “beam section
temperature” is adopted instead of “temperature gradient”
in the software. (e temperature distribution in the com-
posite beam section can be more accurately simulated by
inputting the temperature values of different positions along
the beam height direction. (e overall calculation model is
shown in Figure 5.

(e influence of the temperature gradient causes thermal
deformation of the bridge. When the deformation is hin-
dered by the internal and external constraints of the
structure, thermal stress is generated. Due to the good
thermal conductivity, large temperature expansion coeffi-
cient, and sensitivity to temperature change of steel, the
temperature distribution of the steel beam section is com-
plex under the influence of the temperature difference, and
the geometric alignment and internal force state of the
bridge structure are closely related to the temperature
change. (erefore, its influence must be fully considered.

3.2. Integral Temperature Field of the Composite Box Girder
Bridge. Since the temperatures of the corresponding mea-
suring points of different test sections are similar, this paper
lists the measured temperature data of each measuring point
of only the second midspan section at different times, as
shown in Tables 2 and 3. (e temperatures at different times
are connected with a smooth curve to form a temperature
time history curve, as shown in Figures 6 and 7.

(e following can be concluded from the representative
two-day overall temperature field of the east and west cross
sections:

(1) (e temperature of the measuring point in the concrete
bridge deck changes gradually with the change in the
ambient temperature. Due to its thermal inertia, there is
a certain lag phenomenon relative to the atmospheric

temperature. (e sunrise time is 05 :16. (e tempera-
ture of the concrete bridge deck gradually rises and
approaches the ambient temperature.(emain heating
process occurs after 06 : 00. As the temperature con-
tinues to rise, the main heat exchange in this period
comes from the solar radiation heat. (e maximum
temperature difference between the bridge deck and the
ambient temperature is 4.9°C.(e sunset time is 19 : 52,
and the atmospheric temperature decreases rapidly, but
in the early cooling stage, the temperature of the bridge
deck is still higher than the ambient temperature, and
the bridge structure begins to dissipate the heat
absorbed in the daytime to the environment, which is
basically the same as the ambient temperature at 22 : 30
at night and gradually becomes lower than the ambient
temperature.

(2) Because the upper surface of the concrete bridge deck is
directly exposed to sunlight, the temperature rise of the
corresponding measuring points is faster, while the
measuring points on the lower surface are not directly
exposed to sunlight, and the temperature rise is rela-
tively slow. During the period of 07 : 00–21 : 00, the
temperature difference between the upper and lower
surfaces gradually increases, and the maximum tem-
perature difference reaches 4.6°C. After the temperature
difference reaches this extreme value, it gradually
decreases.

(3) (e heating process of the steel box girder is faster
than that of the concrete. However, due to the long
cantilever of the bridge deck, the steel box girder is
shielded to a certain extent. (erefore, among the
three main heat sources of direct sunlight radiation,
atmospheric temperature transfer, and concrete
bridge deck temperature transfer, the influence time
of sunlight radiation is shorter. (e temperature
change in the steel beam is mainly affected by the
environmental temperature and the temperature
transfer of other structures from high to low. Because
the upper measuring points (#3 and #8) of the two
webs cannot accept solar radiation all the time, the
temperature change range is small, and the heating
and cooling rates of the corresponding measuring
points are lower than those of the other measuring
points. (e temperature of each measuring point of
the box beam structure increases gradually at first,
reaches the maximum at 17 : 00, and then decreases
slowly.

(4) (e bridge structure has a north-south alignment,
and the sunshine in the morning comes from the
northeast. A comparison of the data measured from
the abovementioned two days indicates that the
temperature of the east measuring point is generally
higher than that of the west measuring point, and the
maximum temperature difference between the east
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Figure 5: Steel-concrete composite bridge structure model.

Table 2: Temperature data measured on June 7, 2021 (unit: °C).

Time Ambient temperature #1 #2 #3 #4 #5 #6 #7 #8 #9 #10
01 : 00 20 18.6 19.7 19.5 19.9 20 18.3 18.6 19.1 19.6 19.1
03 : 00 18 16.9 17.6 17.2 16.9 16.8 16.5 16.8 17.1 17.3 17.2
05 : 00 18 16.2 17.1 16.9 16.8 16.9 16.4 16.7 16.7 16.8 16.9
07 : 00 19 17.8 17.3 18.6 18.8 18.7 20.8 21.2 20.3 19.5 20.1
09 : 00 22 23.2 20.9 21.6 22 21.8 24.5 24.8 23.9 23.1 23.8
11 : 00 26 27.8 23.4 25.2 25.6 25.5 29.6 29.8 28.7 27.1 27.9
13 : 00 29 32.1 28.1 28.6 29.2 28.9 30.1 30.5 29.8 29.5 32.3
15 : 00 31 33.5 31.9 32.6 34.2 34.1 30.6 30.8 30.5 30.9 33.1
17 : 00 32 33.8 32.5 32.9 34.9 34.5 32.1 32.3 31.5 31.1 33.3
19 : 00 30 32.9 32.1 31.1 31.6 31.3 30.2 30.3 30.1 30.7 31.3
21 : 00 23 27.5 26.8 24.7 24.7 24.5 22.9 23.3 23.1 25.6 26.8
23 : 00 21 21.1 21.9 20.2 20.4 20.4 20.4 20.5 20.2 20.8 20.3

Table 3: Temperature data measured on June 11, 2021 (unit: °C).

Time Ambient temperature #1 #2 #3 #4 #5 #6 #7 #8 #9 #10
01 : 00 21 18.9 20.7 19.7 19.5 19.6 19.5 19.6 19.8 20.5 19.1
03 : 00 19 18.1 19.3 18.5 18.4 18.5 18.2 18.4 18.5 19.6 18.1
05 : 00 20 18.7 19.4 18.7 18.5 18.6 18.4 18.5 18.6 18.8 18.3
07 : 00 24 23.9 21.3 22.6 22.7 22.4 23.4 23.9 23.1 23.8 25.4
09 : 00 26 28.7 24.3 26.1 26.8 26.5 28.2 28.8 27.9 27.2 29.6
11 : 00 27 31.9 27.3 27.4 27.7 27.5 31.7 32.9 31.1 30.2 32.2
13 : 00 31 33.7 31.1 30.2 31.3 30.8 32.5 33.1 31.8 31 34.1
15 : 00 31 34.9 31.5 31.7 32.8 32.3 32.2 32.9 32.1 31.5 35.2
17 : 00 32 35.7 32.6 32.8 33.6 32.9 32.7 33.1 32.2 31.8 35.8
19 : 00 31 35.3 32.3 31.2 31.8 31.6 30.6 30.8 30.5 31.3 34.8
21 : 00 28 30.5 29.6 29.4 28.7 28.5 28.4 28.6 28.2 29.2 29.5
23 : 00 27 28.8 28.3 27.4 27.5 27.1 26.5 26.8 26.7 27.8 27.2
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Figure 6: Continued.
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Figure 6: Curves of ambient temperature with time on June 6, 2021, at different measuring points. (a) Ambient temperature, measuring
point #1 and measuring point #2. (b) Ambient temperature, measuring point #9 and measuring point #10. (c) Measuring points #3, # 4, and
#5. (d) Measuring points #6, #6, and #8.
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Figure 7: Continued.
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and west sides occurs at 11 : 00 on June 11. At this
time, the difference between measuring point #7 on
the east side of the steel beam and measuring point
#4 on the corresponding west side is the largest,
which is 5.2°C, indicating that in the process of a
gradual increase in atmospheric temperature, the
temperature change in the bridge structure is mainly
affected by solar radiation, so the temperature of the
east measuring point is generally higher than that of
the west measuring point. In the afternoon, when the

sunshine location is in the northwest, the temper-
ature of the west measuring point begins to rise, but
in the sunshine period, the maximum temperature
difference between the east and west sides of the
bridge structure is 3.5°C, which is significantly lower
than the maximum temperature difference in the
morning. (eoretically, when the sun moves west-
ward, in the afternoon, the west side of the bridge
structure has a longer sunshine time and absorbs
more solar radiation heat than the east side.
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Figure 7: Curves of measuring points and ambient temperature with time on June 11, 2021. (a) Ambient temperature, measuring point #1
and measuring point #2. (b) Ambient temperature, measuring point #9 and measuring point #10. (c) Measuring points #3, # 4, and #5.
(d) Measuring points #6, #7, and #8.
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Figure 8: Curves of measuring points and ambient temperature with time. (a) Local temperature field on June 7. (b) Local temperature field
on June 11.
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However, the actual data are not consistent with the
theoretical analysis, which shows that with the in-
crease in atmospheric temperature, the influence of
sunshine radiation on the bridge structure temper-
ature decreases, and its temperature change is due to
mainly the heat transfer of the surrounding
environment.

(5) According to the measured data, the maximum tem-
perature difference at the same measuring point of the
bridge structure in one day is 17.7°C, which occurs at
the measuring point of the box girder structure cor-
responding to the maximum observed temperature.
Based on the analysis of the influencing factors of the
temperature field distribution of the composite box
girder bridge structure, it is concluded that the influence
of the temperature field on the concrete slab and the
steel box girder is not uniform. For the concrete slab, the
sunlight radiation intensity and direction are the key
factors. For the steel box girder, the change in the
ambient temperature and the heat transfer between the
structures are the main factors.

3.3. Local Temperature Field of the Composite Box Girder
Bridge. In the actual monitoring process of the bridge,
the local temperature field of the steel-concrete com-
posite beam is shown at the junction of the concrete slab
and the steel beam. (e layout of the measuring points
on-site indicates that the results can be obtained by
comparing the temperature difference between mea-
suring points #2 and #3 and measuring points #8 and #9
at the same time. (e specific temperature comparison is
shown in Figure 8.

(e following can be concluded from the representative
two-day local temperature fields of the east and west sides of
the cross section:

(1) By analysing the temperature change curve of each
moment in the diagram, it can be concluded that the
lower surface of the concrete bridge deck is close to
the upper measuring point of the steel beam web.
(e upper part of the steel beam web is not directly
illuminated by the sun due to the shielding of the
cantilever of the concrete bridge deck, and its
temperature change mainly comes from the influ-
ence of the surrounding environment and the heat
conduction of the bridge structure. (ere is a
certain degree of temperature difference in the local
range of this junction. (e temperature difference
between points #2 and #3 on the west side is rel-
atively large, and the maximum temperature dif-
ference can reach 2.1°C. (e temperature difference
between points #8 and #9 on the east side is rela-
tively small, and the maximum temperature dif-
ference is 1.6°C.

(2) During the gradual increase in atmospheric tem-
perature, the heat conduction speed of the steel beam
is faster than that of the concrete bridge deck, which
is relatively slow. (erefore, the temperature of the

upper part of the steel beam web at the structural
connection is higher than that of the lower surface of
the concrete bridge deck. With the continuous in-
crease in temperature, when the structural temper-
ature reaches the maximum, the temperature of the
concrete slab is close to that of the steel beam. (e
temperature of the concrete slab is higher than that
of the steel beam because the temperature of the
concrete slab considerably lags behind that of the
atmosphere, and the temperature of the concrete slab
is higher than that of the steel beam until approxi-
mately 18 : 00.(e temperature of the concrete slab is
basically consistent, and the temperature of the steel
beam is higher than that of the steel beam. Most of
the time, due to the heat transfer between the joint of
the concrete slab and the steel beam structure, al-
though there is a certain degree of temperature
difference in the joint of the structure, the difference
is not large.

3.4.Determination of theVertical TemperatureGradient of the
Cross Section. In the design of steel-concrete composite
bridges, the temperature gradient is mainly determined
according to the specifications, but it is not completely
applicable to the actual temperature difference in different
areas. (erefore, it is very important to determine the
vertical temperature gradient of real bridge sections, which
can provide a reference for the design of local bridges in the
future. Analysis of the measured data indicates that the
factors affecting the temperature change in the whole viaduct
section of Binhe West Road are very complex, the tem-
perature changes among the measuring points of the section
are not uniform with time, and the vertical temperature
gradient varies at different times and different spatial
positions.

(e temperature gradient of the vertical section of the
steel-concrete composite bridge structure is divided into
a heating gradient and a cooling gradient. Previous
studies have considered that the temperature change in
the cooling gradient section is small, so this change is
often ignored. In this paper, two representative days are
selected to compare the heating and cooling gradient
modes of the eastern and western sections, as shown in
Figure 9.

(e following can be concluded from the vertical tem-
perature gradient diagram of the section at each moment:

(1) (e height of the concrete deck of this bridge is
350mm. Although the height is small, the temper-
ature difference between the upper and lower sur-
faces of the east and west sides of the deck is still
prominent, especially on June 11.

(2) (e vertical temperature difference of the steel beam
section is smaller than that of the upper and lower
surface of the concrete bridge deck, and its tem-
perature distribution law is as follows. In the heating
stage, most of the time, the temperature of the upper
part of the web is the lowest, that of the lower part is
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the second lowest, and that of the middle part is the
highest. However, in the cooling stage, most of the
time, the temperature of the lower part of the web is
the lowest, that of the middle part is the second
lowest, and that of the upper part is the highest. (is
distribution law clearly applies to both the east and
west sides of the steel box girder.

To obtain the time when the most unfavourable tem-
perature gradient may appear within 24 hours, it is necessary
to analyse the vertical temperature gradient of steel-concrete
composite bridge sections according to different methods to
find the optimal solution.

According to past experience and the analysis of the
measured data, at approximately 17 : 00, the surface

temperature of the concrete bridge deck reaches the max-
imum, and it is also the time when the vertical temperature
difference of the structure reaches the maximum. If we
simply select this time as the most unfavourable temperature
gradient distribution, this method is easy to use, but it
cannot completely match the actual situation.

Another method used to determine the most unfav-
ourable vertical temperature gradient is to select the
temperature distribution when the thermal stress of the
upper and lower edges of the section reaches the maximum
at the same time. However, according to the site condi-
tions, the thermal stress of the bridge cannot be measured.
When the bottom deflection of the steel box girder is the
maximum, the thermal stress of the lower edge is the
maximum, and the temperature of the upper edge of the
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Figure 9: Curves of the temperature gradient on the vertical section. (a) West section on June 7. (b) East section on June 7. (c) West section
on June 11. (d) East section on June 11.
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concrete deck is the maximum. Because the times when the
thermal stress of the upper and lower edges of the bridge
reaches the maximum are not synchronous, this method is
not feasible.

In this paper, the minimum temperature change point
within 24 hours is used as the reference point to calculate
the temperature difference between the other measuring
points and the reference point at each time of the section,
and the temperature distribution of the vertical section at
the difference and the maximum time is selected as the
most unfavourable temperature gradient. (e time dis-
tance is relatively long, and the temperature difference
between the cross-section measuring point and the ref-
erence point at the maximum time is likely to appear
between any observation time in a day. To obtain the most
unfavourable temperature gradient accurately, 48 mea-
surements are obtained within the 24 hours of a day, at an
interval of 0.5 hour. (e temperature difference and
magnitude at each time are compared, and the maximum
temperature difference and temperature distribution are
selected as the most unfavourable vertical temperature
gradients. According to the conditions of the east and

west sides and the two-day temperature rise and drop, the
most unfavourable temperature gradient distribution of
eight groups of vertical sections is obtained, as shown in
Figures 10 and 11.

(e above eight groups of fitted most unfavourable
temperature gradients are averaged according to the rising
and falling temperatures. Finally, the two groups of most
unfavourable temperature gradient distribution maps are
obtained, as shown in Figure 12.

According to the conclusion, there is a certain degree of
temperature difference in the local temperature field at the
joint of the steel-concrete composite beam, so the tem-
perature gradients in the concrete deck and the steel box
girder are fitted separately. According to previous research
experience and the characteristics of the small thickness of
the concrete deck of this bridge, the temperature gradient in
the concrete slab is fitted according to a linear function
distribution. (e distribution mode of the temperature
gradient in the steel box girder is based on the lower surface
of the concrete bridge deck (y� 0.35m). (e least square
method is used to fit the distribution mode, and MATLAB is
used to calculate the analysis function formula. It is
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Figure 10: Most unfavourable curves of the temperature rise gradient on the vertical section. (a) West section on June 7. (b) East section on
June 7. (c) West section on June 10. (d) East section on June 10.
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Figure 11: Most unfavourable curves of the temperature drop gradient on the vertical section. (a)West section on June 7. (b) East section on
June 7. (c) West section on June 11. (d) East section on June 11.
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Figure 12: Most unfavourable curves of the temperature gradient on the vertical section. (a) Rise gradient after average. (b) Drop gradient
after average.
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Figure 13: Most unfavourable curves of the temperature gradient on the vertical section. (a) Rise gradient after fitting. (b) Drop gradient
after fitting.
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Figure 14: Stress diagram of the steel-concrete composite bridge under a rise gradient. (a) Stress diagram of the concrete deck. (b) Stress
diagram of the steel beam.
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concluded that the heating gradient is in the form of a
quadratic parabola and that the cooling gradient is in the
form of a logarithmic function.

(e temperature gradient models of the concrete section
and steel box girder section are fitted to the temperature
difference at each measuring point. (e fitting results are
shown in Figure 13.

In Figure 13, To is the top temperature of the concrete
bridge deck, Tc is the vertical temperature gradient curve
of the concrete bridge deck section, Ts is the vertical
temperature gradient curve of the steel box girder section,
and t is the thickness of the concrete bridge deck. (e y-
axis is the distance from the section position to the beam
top, unit: m. (e expression of the temperature rise curve
is as follows:

Tc � To − 9.77y,

Ts � −3.178y
2

+ 7.493y + 24.63.
(1)

(e fitted cooling curve is as follows:

Tc � To + 3.94y,

Ts � −0.4279 ln(y) + 19.19.
(2)

Considering the Specifications for Design and Con-
struction of Highway Steel-Concrete Composite Bridge, the
vertical temperature gradient curve of the section fitted by
the field-measured data is different from that specified in the
code. Due to differences in the geographical environment,
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Figure 15: Stress diagram of the steel-concrete composite bridge under a drop gradient. (a) Stress diagram of the concrete deck. (b) Stress
diagram of the steel beam.

Advances in Materials Science and Engineering 13



bridge orientation, structural type, and material, the vertical
temperature gradient may be different, and the code value is
not necessarily accurate.

3.5. Effect of the Temperature Gradient on the Stress.
According to the field-measured temperature gradient,
the influence of the temperature gradient on the stress and
displacement of the bridge deck and steel beam is ex-
plored. According to the analysis of the measured data in
Tables 2 and 3, the most unfavourable temperature gra-
dient curve of temperature gradient rise and drop is fitted
according to Figure 13, and the load is applied in con-
sideration of the height at the measuring point. In the
analysis of the influence of the vertical temperature
gradient on the stress of the composite beam section,
according to the two loading modes of rising and falling

temperature gradients, the structural stresses of the
concrete deck and steel beam are compared and analysed,
as shown in Figures 14 and 15.

From the above analysis of the temperature gradient
stress diagram, the following results are obtained:

(1) In the rise gradient mode, except for the compression
near the supports at both ends of the bridge span is
12.31MPa, the remaining parts of the steel beam are
in tension, and the maximum value is 59.65MPa,
which occurs near pier #16 of the second span and
pier #19 of the fourth span, while the stress at the
support is less than that at the midspan section.
Besides, the whole section of the concrete deck is in
compression, and the compressive stress near the
support is greater than that at other parts. (e
maximum stress at the fulcrum at both ends of the
bridge span is 12.04MPa.
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Figure 16: Displacement diagram of the steel-concrete composite beam under a temperature gradient. (a) Rise gradient displacement
diagram. (b) Drop gradient displacement diagram.
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(2) In the drop gradient mode, the whole section of the
steel beam is in compression, the maximum com-
pressive stress is 32.56MPa at piers #16 and #19, and
the stress at the other supports is greater than that at
the midspan section. While the concrete bridge deck
is in the tension state at the support position, with a
maximum tensile stress of 0.17MPa, and the
remaining parts of the concrete bridge deck are in
compression, the maximum compressive stress at
other spans is 8.01MPa.

3.6. Influence of the Temperature Gradient on the
Displacement. Figure 16 shows that under the action of a
vertical temperature gradient, the beam body has a certain
deformation, in which the deformation under the action of a
positive temperature difference is 6.16–12.40mm, and the
deformation under the action of a negative temperature
difference is 4.20–8.42mm.

4. Conclusion

In this paper, the temperature field, temperature gradient,
and effect of steel-concrete composite beam bridges of the
Binhe West Road are studied, and the temperature field
distribution of steel-concrete composite beam bridges is
discussed:

(1) In this paper, the steel-concrete composite box girder
bridge is aligned in the north-south direction.
According to experience, due to the influence of
sunlight, there is a large temperature difference be-
tween the eastern and western sides of the bridge in the
afternoon, but the measured difference is not notable.
With increasing atmospheric temperature, the influ-
ence of sunlight radiation on the temperature of the
bridge structure gradually weakens, and the temper-
ature change mainly comes from the heat transfer of
the surrounding environment.

(2) Observation of the local temperature field at the
joint of the steel-concrete composite beam indi-
cates that although there is a certain degree of
temperature difference between the two materials
in the local range (most of the time due to the heat
transfer between the concrete slab and the steel
beam structure), there is a temperature difference
at the joint of the structure, but the difference is
not large.

(3) Previous research on the temperature effect of
composite box girder bridges focused on moni-
toring during the sunshine period, and most of
that work ignored the influence of cooling at
night. In this paper, the steel-concrete composite
box girder bridge is continuously measured in a
day. By comparing and analysing the measured
data, the most unfavourable temperature gradient
in the vertical section is simulated and calculated,
including two modes of rising and cooling. (ere
are some differences with the latest code of the

Specifications for Design and Construction of
Highway Steel-Concrete Composite Bridge, which
can provide a reference for local bridge design.
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