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for the first two span-scale girder segments (segments 
1 and 2) was established in the FEA software Midas 
Civil with spatial beam elements (Fig. 11). Consid-
ering the most general situation of daytime in summer, 
40 °C and 30 °C were respectively adopted as T1 and 
T2 of the temperature scenario along the depth of the 
girder in the model.  

Fig. 12 depicts the longitudinal distribution of 
thermal deflections when two neighboring girder 
segments are girth-welded under a vertical tempera-
ture difference of 10 °C and the temperature differ-
ence disappears when the weld is done. Because the 
temperatures of the top plate are much higher than 
those of the bottom plate, the deflections between the 
two bearings B1 and B2 are upward due to thermal 
bending. Since point B is a free end of segment 1, the 
deflections from point B2 to point B are downward. 
Segment 2 is “hinged” on segment 1 at point B 
(Fig. 5b). When the girder segment between points B 
and B3 moves upward due to thermal bending, a sharp 
change appears in the deflection curve of the two 
segments at point B. After the “hinge” at point B is 
eliminated by girth-welding, the thermal deflections 
cannot recover with the disappearance of thermal 
loads. The maximum residual thermal deflection, 
−41 mm, is downward at the girth-welded joint (point 
B). The maximum upward residual thermal deflections  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

of the two segments, 30 mm and 3 mm, appear at the 
positions of 65 m and 192.5 m from bearing B1 
(points A and C), respectively. 

Selecting points A, B, and C as three typical 
points, their residual thermal deflections after 
girth-welding with different vertical temperature 
differences on the girder were studied (Fig. 13). The 
residual thermal deflections of the three points ap-
proximately exhibit a linear relationship with the 
vertical temperature difference in girth-welding. The 
residual thermal deflections are not obvious when the  
 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 

 
 
 
 
 
 
 
 

 
 
 
 

Fig. 13  Residual thermal deflections of three typical 
points after girth-welding with different vertical temper-
ature differences on the girder Fig. 11  FEA model of segments 1 and 2 

Fig. 10  Longitudinal distribution of reaction forces on 
each pier in the two plans 

Fig. 12  Thermal deflections of two girder segments when 
girth-welded under a vertical temperature difference of 
10 °C and thermal loads disappear after completion of the 
weld 
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vertical temperature difference is small. Thus, the 
requirement of the HZMB can be met by controlling 
the vertical temperature difference within a 1 °C 
range during girth-welding, which can be realized at 
night from 22:00 to 7:00 the next day. Therefore, this 
period was chosen to perform the girth-welding of the 
real girder segments in the HZMB, and the thermal 
deflections were observed to have been effectively 
controlled in the field application. 

 
 

5  Thermal effects in pre-setting distances for 
sliding bearings 

 
Based on beam theory, though the neutral layer 

of the girder segment will not be lengthened or 
shortened by a dead load, the upper plates of the 
sliding bearings, which are fixed on the bottom plate 
of the girder segments, will be moved longitudinally 
with the progress of girder placement. When segment 
2 is hung on segment 1 through its corbel, the dead 
load of segment 2 will cause a movement δg (the su-
perscript “g” indicates “gravity”) and a rotation θ2−θ1 
of the upper bearing plate of the sliding bearing B1 
(Fig. 14). Thermal expansion and thermal bending 
due to a uniform temperature change and a tempera-
ture gradient, respectively, will cause similar effects. 
Thus, to ensure a sliding bearing returns exactly to its 
undeformed shape when the whole continuous girder 
reaches its design state, a pre-set distance Δp should 
be determined for the bearing (Fig. 15). This requires 
accurate prediction of the effects of dead load and 
thermal loads on the girder after installation of the 
bearings. Another distance called the overall offset, 
Δo, should also be pre-set for positioning the girder 
segment, since the upper bearing plate is moved by 
dead loads and thermal loads before installation of the 
bearing.  

The pre-set distance is determined by the varia-
tion in the length of the bottom plate of the girder 
segment between the centerlines of the considered 
sliding bearing and its nearest fixed bearing, which is 
affected by dead loads and thermal loads. Taking the 
forward direction of construction as the positive di-
rection of displacement, if the placement for a steel 
continuous box girder takes n procedures to reach its 
design state, and its jth bearing is installed in the mth  

 
 
 

 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 

procedure, the pre-set distance for the bearing, p ,j  

can be expressed as  
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where cij is the state parameters of the jth bearing in 
the ith procedure: cij=0 for fixed bearings, cij=1 for 
sliding bearings in the forward direction of construc-
tion, and cij=−1 for sliding bearings in the backward 
direction of construction; α is the thermal expansion 
coefficient of steel; Lnj is the cantilever length of the 
bottom girder plate from the jth bearing to the fixed 
bearing in the design state of the girder; Td is the 
design assumed installation temperature of the con-

sidered bearing; a
jT  is the actual installation temper-

ature of the jth bearing; 1 T[ ] ,ijsk
ij ij ij ijl l ll    

where k
ijl  is the length of the kth element on the bot-

tom plate of girder from the jth bearing to its nearest 
fixed bearing in the FEA model of the ith procedure, 
and sij is the total number of beam elements on the 
bottom plate from the jth bearing to its nearest fixed 
bearing in the FEA model of the ith procedure; 

1 T[ ] ,ijsk
ij ij ij ij  σ    where k

ij  is the varia-

tion in the stress of the bottom edge of the kth element 
on the bottom girder plate from the jth bearing to its 

Fig. 14  Movement and rotation of a sliding bearing of 
segment 1 under the dead load of segment 2 

Fig. 15  Pre-setting distances for a sliding bearing: (a) 
design state of bearing; (b) pre-setting distance for 
bearing 

(b) (a) 
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nearest fixed bearing in the FEA model of the ith 
procedure due to the dead load and temperature gra-
dient; E is the elastic modulus of steel. 

Similarly, the “overall offset” for positioning the 
girder segments and the upper plate of the jth bearing, 

o ,j  can be expressed as  
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The final position for the lower plate of the jth 

bearing, f ,j  is expressed as 

 
f p o .j j j                                  (3) 

 
As shown in Table 1, the parameters in Eqs. (1)– 

(3) for the erection of the considered continuous 
girder can be determined as follows: 
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where C={cij}16×7 is the state parameter matrix of the 
bearings; L={Lnj}7×1 is the cantilever length vector 
of the bearings; α=1.2×10−5 °C−1 for steel; Td= 
22.7 °C for all springs. 

According to the field-measured temperatures, 

on a spring, summer, autumn, or winter night, a
jT  

should be 12 °C, 27 °C, 24 °C, and 7 °C, while the 
temperature difference between the top and bottom 
plates of the girder should be 1 °C, 2 °C, 2 °C, and 
0 °C, respectively. Taking the bearings of the sample 
continuous girder as an example, if they are installed 
at night in different seasons, the overall offset, pre-set 
distance, and final position of each bearing should be 
set as shown in Tables 2 and 3 (p.265). The results 
show that the pre-set distances vary significantly with 
seasonal temperature changes. 

However, the bearings are usually installed in 
the daytime. Therefore, if we consider the bearings of 
the same continuous girder are installed at noon in 
summer, then the pre-set distance, overall offset, and 
final position for each bearing are determined accord-
ing to the measured temperatures shown in Table 4 
(p.266) (T1=40 °C, T2=30 °C). Finally, the bearings of 
the real continuous girder were set and installed in 
summer at noon based on these results. Taking bear-
ing B1 as an example, the field-measured residual 
pre-set distance when the girder reached its design 
state was 12 mm (Fig. 16). The results for other 
bearings were all less than the maximum permissible 
distance of 20 mm (Table 5) (p.266). This indicates 
that the thermal effects before and after installation of 
the sliding bearings of the HZMB were successfully 
predicted and well controlled by pre-setting distances 
based on the field-measured temperatures. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 16  Field-measured residual pre-set distance for 
bearing B1 
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6  Conclusions 
 
In this study, we investigated the thermal effects 

on the placement of span-scale girder segments of a 
continuous steel box girder during open-air storage, 
girth-welding, and setting bearings. Based on the 
results, some control measures were proposed. In the 
open-air storage of a span-scale girder segment, the 
temperature gradient along the depth of the girder 
segment will greatly increase the maximum reaction 
force on temporary piers and cause local buckling of  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
the bottom plate under the girder segment. Based on a 
simulation with field-measured temperatures, an im-
proved arrangement plan involving additional support 
piers was proposed to reduce the maximum reaction 
force. In the field application of the improved ar-
rangement plan during open-air storage, no local 
buckling was observed. During girth-welding of two 
girder segments, the temperature difference before 
and after girth-welding caused some residual thermal 
deflections on the girder due to a change in the 
boundary conditions of the structure. The vertical 
temperature difference in girth-welding should be  

Table 2  Pre-set distances and final positions for bearings at night in spring and summer 

Bearing 
Spring Summer 

Δo 
(mm) 

Δp

(mm) 
Δf 

(mm) 
Illustration 

Δo

(mm)
Δp

(mm)
Δf

(mm)
Illustration 

B1 64.20 54.65 118.85 

 

5.08 −4.68 0.40 

 

B2 28.25 30.54 58.79 

 

−11.35 −9.23 −20.58

 

B3 11.59 13.28 24.87 

 

−8.24 −6.61 −14.85

 

B4 0.00 0.00 0.00 

 

0.00 0.00 0.00 

 

B5 −4.08 −20.29 −24.37 

 

15.78 −0.58 15.20

 

B6 −11.65 −28.17 −39.81 

 

28.00 11.28 39.28

 

B7 −2.29 −46.32 −48.61 

 

56.85 12.62 69.47
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controlled within 1 °C to reduce the maximum re-
sidual thermal deflection. This can be realized by 
performing girth-welding in a specific period at 
night, such as after 22:00. In the field application of 
this control measure during girth-welding, the re-
sidual thermal deflections were controlled within 
5 mm. 

The pre-set distance of bearings should include 
the variation in the length of the bottom girder plate 
due to three factors: dead load, temperature gradient, 
and uniform temperature change. Here, we proposed 
formulas for the pre-set distance, overall offset, and  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

final position for sliding bearings, in which the pa-
rameters were determined based on the field-measured 
temperature data. In the field application of these 
formulas during bearing installation, the residual 
pre-set distances for bearings were controlled within 
20 mm after the structural temperature was changed 
to their assumed design installation temperature. The 
proposed control measures have successfully con-
trolled the thermal effects in the span-scale girder 
segment placement of a continuous steel box girder in 
the HZMB, and thus they are also applicable to other 
continuous steel box girder bridges. 

Table 3  Pre-set distances and final positions for bearings at night in autumn and winter 

Bearing 
Autumn Winter 

Δo 

(mm) 
Δp

(mm) 
Δf 

(mm) 
Illustration 

Δo

(mm) 
Δp

(mm) 
Δf

(mm) 
Illustration 

B1 16.91 7.15 24.05 

 

83.91 74.55 158.46 

 

B2 −3.43 −1.31 −4.74 

 

41.45 43.91 85.36 

 

B3 −4.28 −2.65 −6.93 

 

18.23 19.97 38.19 

 

B4 0.00 0.00 0.00 

 

0.00 0.00 0.00 

 

B5 11.82 −4.54 7.28 

 

−10.73 −26.80 −37.53 

 

B6 20.08 3.36 23.44 

 

−24.89 −41.21 −66.10 

 

B7 45.02 0.79 45.82 

 

−22.02 −65.84 −87.85 
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中文概要 
 

题 目：连续钢箱梁桥整孔安装施工全过程的温度效应控

制措施 

目 的：采用整孔安装的连续钢箱梁对施工精度要求极

高，而其在露天存放、环缝焊接和设置支座预偏

量等环节会不可避免地受温度变化的影响而产

生应力和位移，因此应引起特别关注。首先，置

于露天场地存放的钢箱梁节段各处受到的日光

照射不均匀，由此产生的截面竖向温度梯度会使

梁底临时支墩的反力分布出现巨大变化，从而影

响箱梁节段的局部受力安全；其次，因为环缝焊

接会使相邻梁段结构体系从简支梁变成连续梁，

所以在焊接过程中若箱梁顶底板因存在温差而

引起了变形，则该变形在焊接后不会随着温差的

减小而逐步消除；最后，连接在箱梁底板上的滑

动支座顶板在支座安装完成后仍会受温度影响

而发生位移。为了使永久支座在施工完毕后的顶

底板中心线对齐，在安装支座时需要考虑这些位

移并对支座进行预偏。 

创新点：1. 发现温度梯度会导致露天存放的大节段钢箱梁

下局部支墩反力的大幅度增加；2. 发现在环缝焊

接时箱梁截面温度梯度导致的位移不会在焊接

后随着温度梯度的消失而减小，这是因为箱梁的

边界条件发生了变化；3. 提出了考虑温度效应的

支座预偏量公式；4. 针对这些温度效应提出了应

对策略。 

方 法：1. 根据钢箱梁截面的实测温度数据（图 3），建

立连续钢箱梁施工全过程的有限元分析模型；

2. 通过有限元模型的计算结果，对钢箱梁在露天

存放、环缝焊接及设置支座预偏量时的温度效应

展开分析研究，并给出相应的解决方案；3. 将解

决方案应用于实际桥梁施工中，以验证所提方法

的可行性和有效性。 

结 论：1. 钢箱梁在露天存放、环缝焊接及设置支座预偏

量时的温度效应会严重影响钢箱梁的整孔安装

施工，因此必须得到有效控制；2. 利用钢箱梁截

面的实测温度数据建立钢箱梁施工全过程的有

限元模型，可对施工过程中的温度效应进行预测

并据此提出控制措施；3. 钢箱梁的成功施工验证

了本文所提出的温度效应控制措施的有效性，这

对同类工程的施工具有借鉴意义和参考价值。 

关键词：钢箱梁；整孔安装；施工过程；温度效应；控制

措施 
 


