Index 351733 DOI: 10.24425/ace.2025.156174

FACULTY OF CIVIL ENGINEERING
COMMITTEE FOR CIVIL AND WATER ENGINEERING

ISSN'1230-2945 " Vo], LXXI ISSUE 4 2025
© 2025. Xilong Zheng. pp- 343-358

This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License
(CC BY-NC-ND 4.0, https://creativecommons.org/licenses/by-nc-nd/4.0/), which permits use, distribution, and reproduction in any @@@@
BY NC ND

medium, provided that the Article is properly cited, the use is non-commercial, and no modifications or adaptations are made.

ARCHIVES OF CIVIL ENGINEERING

Research paper

Research on construction control of long-linked continuous
beam bridge closure

Xilong Zheng!

Abstract: In this paper, four feasible closing schemes are proposed, three of which are optimization
schemes, and the deformation and internal force of the main beam are taken as the control elements, and
the closing conditions, cumulative vertical displacement, lower and lower edge stress on the cross-section
and horizontal displacement of the support are compared and analysed under different closure sequence
schemes. It is found that the displacement and stress differences are large in different closure sequence
schemes, different structural system conversion timings, and it is necessary to carry out optimization studies
and comprehensively compare and select reasonable schemes. The construction control of the closure stage
is studied, and the results of bridge construction control are compared, which shows that the optimization
technology and construction control technology of the closure sequence can be used in this paper, which can
solve the key problems in the construction control of the closure of long-link continuous beam bridges, and
can provide reference and basis for the construction control of the same type of bridge.

Keywords: long-linked continuous beam bridge, construction control, closure scheme, solution opti-
mization

IPhD., Harbin University, School of Civil and Architectural Engineering, No.109 Zhongxing Da Dao, Harbin, China
e-mail: sampson88@ 126.com, ORCID: 0000-0001-5571-667X


https://doi.org/10.24425/ace.2025.156174
https://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:sampson88@126.com
https://orcid.org/0000-0001-5571-667X

344 XILONG ZHENG

1. Background

The selection of the closure sequence and the construction quality of the closure section
are related to the rationality of the bridge state and have a huge impact on the safety of the
bridge in the operation stage [1-3]. First of all, the number of super static determination of the
long-linked continuous beam bridge is high, and the system conversion, temperature change,
prestressed beam tension and concrete shrinkage creep in the construction of the closure will
produce a large internal force or sub-internal force redistribution, which has an impact on the
displacement and internal force state of the structure in the whole construction stage [4—8].
The construction of the closure is a difficult point in the construction of the whole bridge,
and the degree of construction difficulty caused by different closure conditions is different,
the possibility of construction error is also different, and the accumulation of errors will be
very different The construction of the closure is a difficult point in the construction of the
whole bridge, and the degree of construction difficulty caused by different closure conditions is
different, the possibility of construction error is also different, and the accumulation of errors
will be very different [9].The closing stage is the most unstable stage in bridge construction,
and the lack of grasp of each key section and process will lead to the failure of bridge closure or
the construction quality is difficult to meet the design and specification requirements [10, 11].
Due to the long construction period of the long-linked long-span continuous beam bridge,
the closing sequence is directly related to the organization and design of each construction
process, which has a great impact on the arrangement of the construction period and cost
control [12—14]. Through the study of the completed continuous beam bridges, it can be
found that after many years of operation, the parts of the bridge with more diseases are in the
middle of the span and the expansion joints, which are inseparable from the closure in the
design and construction [15—-17]. Therefore, it is the focus of the construction control work
of long-linked continuous beam bridge to calculate and analyze the possible closure sequence,
select a reasonable scheme or optimize the original scheme, and combine the accurate and
effective closure control technology.

In this paper, four feasible closing schemes are proposed for engineering examples, and
the working conditions, cumulative vertical displacement, lower edge stress on the section
and horizontal displacement of the support are compared and analyzed under different closing
sequence schemes. The optimization technology and construction control technology of the
closing sequence can be used to solve the key problems in the construction control of the
closure of the long-connected continuous beam bridge.

2. Project overview

A bridge is a continuous box girder with a 13-span variable cross-section, and the span
layout is 59.7 m +11 x 100 m + 59.7 m. The superstructure adopts a single-box, single-chamber
variable-section prestressed continuous box girder. The pier is a solid pier, wherein the 56th
pier, the 69th pier are the transitional piers, and the junction with the cushion cap is provided
with an icebreaker body, and the pier cap size is 1060 cm X 360 cm, and the pier body size
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is 600 cm x300 cm. The foundation is made of bored piles with a diameter of 180 cm. The
purpose of designing the bridge as an ultra-long connection is two aspects, one is to increase
the driving comfort and reduce the number of expansion joints. On the other hand, the annual
temperature difference in this area is not large, and the expansion of the beam end is not large.

The beam height at the pier is 6.09 m, the middle span and the beam end beam height is
2.59 m, and the beam height is changed according to 1.6 parabolas in the range from block 0
to 49 m in the middle of the span. The top width of the box girder is 12 m, the width of the
bottom plate is 6.0 m, and the cantilevered length of the wing plate is 3.0 m. The edge of the
flange is 18 cm thick, and the flange support is 60 cm thick. Block 0 is 12 m long, Block 1~2
is 3.5 m long, Block 3~11 is 4 m long; the middle span closure section is 2 m long, and the
side span closure section is 2 m long. The elevation and cross-sectional view of the bridge are
shown in Fig. 1 and Fig. 2.
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Fig. 1. Bridge elevation (unit: m)
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Fig. 2. Cross-sectional view of the bridge (unit: cm)

3. The bridge used for the closure of the dragon sequential
scheme

The span of the continuous beam bridge is 59.7 m + 11 x 100 m + 59.7 m, which belongs
to the long-linked long-span continuous beam bridge. According to the introduction of the
previous section, several reasonable closure schemes are proposed mainly from the aspects
of structural stress and construction period, and the more advantageous closing sequence is
selected to achieve the purpose of optimization by comparing with the design scheme. There
are four types of closure schemes that can be used for this bridge, as shown in Table 1.
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The closing control principle of the long continuous beam bridge is that the cumulative
deformation in the construction stage is minimum, and the stress change of the main beam in
the closing process is minimum.

Table 1. Long-linked continuous beam bridge closure scheme

Closure conditions

Scheme
1 2 3 4
| Second, fourth, sixth, eighth, Third, fifth, ninth, The first and Seventh span
tenth, and twelfth spans and eleventh spans | thirteenth spans P
Second, fourth, sixth, eighth, First, fifth, ninth, Third, eleventh
2 Seventh span

tenth, and twelfth spans thirteenth span span

First, third, fifth, ninth, eleventh, Second, sixth,

3 . eighth, and twelfth | Fourth, tenth span | Seventh span
thirteenth span
spans
Second, sixth
First, third, fifth, s h, ninth, | . ’ ;
4 irst, third, t.’ seventh, ninth, eighth, and twelfth Fourth span Tenth span
eleventh, thirteenth span spans

4. Calculation and analysis of different program processes

4.1. Option 1: Calculation and analysis

The first scheme is the original design scheme, which is the way to first close the dragon
and then close the dragon.

Closure condition 1: the second, fourth, sixth, eighth, tenth, and twelfth crosses the first
closure, forming 6 “T” structures, and lifting the temporary consolidation of 58#, 60#, 61#,
62#, 64#, 65#, and 67# piers.

Closure condition 2: the third, fifth, ninth and eleventh spans of closure, connect the
formed “T” structure left and right into a whole, and lift the temporary consolidation of 59#
and 66# piers.

Closure condition three: the first and thirteenth spans of the closure of the dragon, the
overall side span closure that has been formed, the closure of the left and right halves of the
bridge, and the temporary consolidation of the 57 # and 68 # piers will be lifted.

Closure condition four: the seventh span of the closure, the whole bridge closure, and the
temporary consolidation of the 63# pier is lifted.

(1) Control the calculation of the vertical displacement of the cross-section

Through calculation, the maximum vertical displacement change point in the closing stage
is near the mid-span cross-section, and the half-bridge is specially selected to explain due to the
long length of the whole bridge (the vertical displacement and stress analysis of the subsequent
schemes are analyzed by the half-bridge data, and no special description is not specified).
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In scheme 1, the vertical displacement generated by the first closing condition is the largest,
and the maximum displacement is —147.6 mm of the middle section of the seventh span,
and the displacement of the break surface of each span under the second closing condition
is relatively uniform, and the first and second working conditions form a “T” structure and
connect the formed “T” structure left and right to form a whole, so the deformation curve is
also a regular wavy shape.

(2) Calculation of stress at the upper and lower edges of the control section

Through the calculation and other engineering examples, it is verified that the extreme
stress points of the upper and lower edges of the main girder in the construction stage of closure
are near the pier, L/4, and the middle span section, so these cross-sections are also selected
as the stress control cross-sections of the main girder in the construction control. The stress
changes on the control sections and lower edges of each control section under the closing
conditions of the half-bridge are shown in Fig. 3 and Fig. 4.
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Fig. 3. Variation of stress at the upper edge of the control section under each working condition
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Fig. 4. Stress variation diagram of the lower edge of the control section under each working condition

It can be seen from Fig. 3 and Fig. 4 that the maximum change of stress at the upper
edge of the main beam in the process of scheme 1 closing is —3.8 MPa in the middle span
of the closing dragon, and this part of the stress should be paid attention to in the construction
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control. The stress of the lower edge changes greatly, and the largest change occurs in the
middle section of the sixth span of case 1 —15.06 MPa, and the cross-sectional stress is also
the maximum value of the scheme —16.31 MPa, affected by the fixed support of the 62# pier,
the stress of the upper edge of the span after the closure of the dragon does not change much,
and the compressive stress of the section is mainly borne by the lower edge.

4.2. Option 2: Calculation and analysis

Scheme 2 optimizes the original design scheme, the first and thirteenth spans are closed in
the second working condition, and the third and eleventh spans are combined in the third and
eleventh spans under the working condition, but the temporary consolidation and release status
remains unchanged.

(1) Control the calculation of the vertical displacement of the cross-section.

The maximum vertical displacement change also appears in the seventh span in case 1,
which is —147.46 mm, but the vertical displacement change of the other working conditions is
smaller than that of scheme 1, indicating that the vertical displacement change of the main
beam is also quite different if the closing sequence is changed, but the temporary consolidation
is not changed.

The upper and lower edges of the main beam do not appear tensile stress in the closing
conditions of scheme 2, and the compressive stresses do not exceed the limit, and the stress
changes on the control sections and lower edges of the half-bridge under the closing conditions
are shown in Fig. 5 and Fig. 6.
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Fig. 5. Variation of stress at the upper edge of the control section under each working condition

It can be seen from Fig. 5 and Fig. 6 that the stress change law of the upper and lower
edges of the main beam in the process of scheme 2 is like that of scheme 1. The maximum
change of stress at the upper edge is —3.82 MPa in the middle span of the closing dragon. The
cross-section of the sixth span in case 1 is —15.06 MPa, and the cross-sectional stress is also
the maximum value of —15.22 MPa in this scheme.
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Fig. 6. Stress variation diagram of the lower edge of the control section under each working condition

4.3. Option 3: Calculation and analysis

Scheme 3 is the same as the way of first combining the small dragon and then the big
dragon, but the odd number of dragons is crossed first.

Closure condition 1: the first, third, fifth, ninth, eleventh, and thirteenth cross the first
closure, forming 6 “T” structures, and lifting the temporary consolidation of 58#, 60#, 65#,
and 66# piers.

Closure condition 2: the second, sixth, eighth, and twelfth spans of Helong, and the
temporary consolidation of 57#, 61#, 62#, 64#, and 68# piers is lifted.

Closure condition 3: the fourth and tenth spans of the closure, the left and right halves
of the bridge are closed, and the temporary consolidation of the 59# and 67# piers is lifted.

Closure condition 4: the seventh span of the closure, the whole bridge closure, and the
temporary consolidation of the 63# pier is lifted.

(1) Control the calculation of the vertical displacement of the cross-section

The maximum value of vertical displacement change occurs in the seventh span caused
by the sixth span of the closing dragon in case 2, which is —63.88 mm, and it can be seen
that the change of each control section in the first working condition of the closing dragon is
significantly lower than that of the first two schemes, and the change values of the third and
fourth working conditions are greater than those of the first two schemes, that is, the vertical
displacement change of each working condition under this scheme is more uniform.

(2) Control the cross-section stress calculation

There is no tensile stress on the upper and lower edges of the beam in the closing conditions
of scheme 3, and the compressive stresses do not exceed the limit, and the stress changes on
the control sections and lower edges of the half-bridge under the closing conditions are shown
in Fig. 7 and Fig. 8.

It can be seen from Fig. 7 and Fig. 8 that the maximum stress change of the upper edge
of the main beam in the process of the third parallel scheme is slightly larger than that of the
first two schemes, and the maximum value is —3.99 MPa in the middle span of the second span
of the closing dragon. The stress change of the lower edge is smaller than that of the first two



350 XILONG ZHENG

§

S~

173

wn

o

Fal

w

o

’0.

=

z

2

g

©

A4S T T T T T T T T T T T T T
5 5 5 5 5 < 5
LI EITATIATEIGYAITQOYTEIAOY 2 S
St e Rlig e S b el e g Herlis g sl

[ o (= Q = o
v w wv Vel O O

Control interface

Fig. 7. Variation of stress at the upper edge of the control section under each working condition
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Fig. 8. Stress variation diagram of the lower edge of the control section under each working condition

schemes, and the maximum value occurs at —11.76 MPa in the middle span of the third span
of the first case, and the stress value is —12.60 MPa. In general, the stress changes generated by
the working conditions of scheme 3 are better.

4.4. Scheme 4: Calculation and analysis

Closure condition 1: the first, third, fifth, seventh, ninth, eleventh, and thirteenth cross the
first closing, and lift the temporary consolidation of 58#, 60#, 62#, 63#, 65#, and 67# piers.

Closure condition 2: the second, sixth, eighth, and twelfth spans of closure, and the
temporary consolidation of 57#, 61#, 64#, and 68# piers is lifted.

Closure condition 3: closure fourth span, release 59# pier temporary consolidation.

Closure condition 4: the tenth span of the closure, the whole bridge closure, and the
temporary consolidation of the 66# pier is lifted.

(1) Control the calculation of the vertical displacement of the cross-section

The vertical displacement changes value of each mid-span control section is shown in Fig. 9.
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Fig. 9. Vertical displacement change diagram in the span of each working condition

It can be seen from Fig. 9 that the maximum value of vertical displacement change is
similar to other schemes and appears in the seventh span in case 1, which is 119.26 mm, but
the difference is that the reverse camber value is caused by the tensioning of the prestressed
beam of the closure in the seventh span of case 1 closure, and compared with the first three
schemes, the vertical displacement change value of this scheme is in the middle, and the change
is basically completed in the first three working conditions.

(2) Control the cross-section stress calculation

There is no tensile stress at the upper and lower edges of the main beam in the closing
conditions of scheme four, and the compressive stresses are not exceeded, and the stress
changes on the control sections and lower edges of the half-bridge under the closing conditions
are shown in Fig. 10 and Fig. 11.
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Fig. 10. Variation of stress at the upper edge of the control section under each working condition

It can be seen from Fig. 10 and Fig. 11 that the stress trend of the upper and lower edges
of the main beam in the process of the four-step scheme is also like that of the other three
schemes. It shows that there is little difference in the influence of displacement and internal
force between the comprehensive application method of small and large dragons and the
method of small dragon and then large dragon, and the purpose of optimization can also be



352 XILONG ZHENG

Control stress/MPa

sl w

Control interface

Fig. 11. Stress variation diagram of the lower edge of the control section under each working condition

achieved by changing the method of dragon closure. The maximum value of the stress change
at the upper edge of scheme 4 is —3.99 MPa in the middle section of the second span in case 2,
and the stress change at the lower edge is larger, and the maximum value appears in the middle
section of the seventh span in case 1 at —15.06 MPa, and the stress at the lower edge of the
section is —15.33 MPa. The magnitude of the stress change is also in the middle of the four
schemes, which is better than scheme 1 and 2, but worse than scheme 3.

S. Comparative analysis of different schemes

5.1. Comparison of vertical displacements

The maximum vertical displacement of each scheme in each closing case appears in the
middle section of the seventh span, and the maximum value of each scheme is shown in Table 2.

Table 2. Maximum vertical displacement in the middle span of each scheme and working condition (mm)

Project Option 1 Option 2 Option 3 Option 4
Maximum —-147.60 -147.46 -63.88 119.26

After the closure of each dragon scheme, the cumulative vertical displacement of each
span in the bridge formation stage is shown in Fig. 12. The cumulative vertical displacement
of the super-long joint large-span prestressed continuous girder bridge in the construction stage
is relatively large, and the cumulative maximum can reach —117.5 mm. The deformation curve
is basically symmetrical at the center of the bridge, reaching a maximum value at the front end
of each span. However, with the different closure sequence schemes, although the position
of the extreme point of the vertical displacement of the main beam in each working condition
is basically the same, the cumulative maximum value point of the whole bridge appears in
different spans, and the alignment of the bridge also changes.
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Fig. 12. Cumulative vertical displacement of each scheme into a bridge

The maximum vertical displacement of scheme 1 and 2 in the process of closing the dragon
under each working condition can reach —147.60 mm, and the actual value is often greater
than the theoretical calculated value due to the more system conversion and other influencing
factors in the construction process, which is unfavorable for reducing the construction error
and realizing that the height difference between the two ends of the closing section is not more
than 20 mm. Option three is the smallest, while option four is in the middle.

Secondly, the cumulative vertical displacement scheme of the bridge is —109.7 mm,
the second scheme is —116.9 mm, the fourth scheme is —117.5 mm, and the third scheme
is only —61.2 mm.

5.2. Stress comparison

The maximum stress changes at the upper and lower edges of each scheme appear in the
mid-span cross-section, and the maximum changes of each scheme are shown in Table 3.

Table 3. Maximum changes in the upper and lower and edge stresses of each scheme and under each
working condition (MPa)

Project Option 1 Option 2 Option 3 Option 4
Upper edge ~10.00 ~10.60 ~10.40 ~10.40
maximum
Lower edge ~16.31 ~15.22 ~11.76 ~15.33
maximum

After closing according to each scheme, the cumulative stress values of the upper and
lower edges of the main girder of the whole bridge in the bridge formation stage are shown in
Fig. 13 and Fig. 14.

It can be seen from Fig. 13 and Fig. 14 that the stress at the upper and lower edges of the main
beam is compressive stress under the four closing schemes (the symbol stipulates: the tensile
stress is positive, and the compressive stress is negative), and the position of the extreme point
of the curve is basically the same and does not change with the difference of the closing order.
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In each closing case, the middle span where the maximum value of each stress is located is
different due to the different closing sequence, and the maximum value of stress change and
the cumulative maximum value of stress at the upper edge are basically unchanged, but the
maximum value of stress change and the cumulative maximum value of lower edge are quite
different: the maximum value is —15.06 MPa of scheme 1, 2 and 4, and the minimum value is
—11.76 MPa of scheme 3, the maximum value of cumulative maximum value is —16.31 MPa
of scheme 1, and the minimum value is —11.76 MPa of scheme 3.
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The minimum value difference is 0.4 MPa to the bridge stage, the upper edge of the
main beam obtains the maximum stress value at the front section of each span 0# block and
obtains the minimum value at the top of each pier, and the stress in the single span is basically
symmetrically distributed, and the small value is obtained in the middle span section. The
maximum value occurs at the front section of the secondary side span 0# block, and the
minimum value is at the top section of the side pier. The maximum stress values of the upper
edge of each scheme are —8.57 MPa, —8.33 MPa, —8.59 MPa, —8.67 MPa, and the minimum
stress values are —1.47 MPa, —1.44 MPa, —1.46 MPa, and —1.45 MPa.



RESEARCH ON CONSTRUCTION CONTROL OF LONG-LINKED CONTINUOUS. .. 355

5.3. Comparison of horizontal displacements of supports

Under the action of factors such as system conversion, prestressed beam tension, temperature
change, concrete shrinkage and creep, the movable bearing and the beam end will produce
a large longitudinal displacement, and the longitudinal offset between the upper seat plate
of the pier bearing and the theoretical center line of the support needs to be preset, to avoid
the eccentric stress of the bearing. The longitudinal displacement of the support under the
different closing schemes is shown in Fig. 15.

#64I# 65I# 66l# 67'# 63'# sot

a0 ___ Supportnumberx
300 | Casel —e— Case2 —+— Case3 —~— Cased |

Fig. 15. Longitudinal displacement diagram of each scheme support

It can be seen from Fig. 18 that under different closure schemes, the longitudinal dis-
placement of the support is basically the same, and the symmetrical change along the fixed
support (arranged at pier 62) changes, and the magnitude increases with the increase of the
distance away from the fixed support. Under the four schemes, the side pier bearing changes the
most, and the maximum value reaches —243.4 mm. The maximum longitudinal displacement
difference of each pier support appears in 60# pier support, which is 75.95 mm. The large
longitudinal deformation will lead to a large pre-deviation setting of the support and affect
the selection and laying of the expansion joint at the beam end. Therefore, scheme 2, which
has a small longitudinal displacement at each support and beam end, has advantages among
several schemes, but at the same time, it is also found that schemes 3 and 4 have better overall
distribution, and the support pre-deviation setting is more convenient.

6. Choice of scheme

6.1. Achievements of the whole bridge construction control

The elevation error of the key section of the whole bridge is shown in Fig. 16.

When the bridge is measured, it is found that after the construction control of the bridge, the
elevation of the whole bridge is within the error control range, which meets the requirements
of the specification and design, and the elevation of the middle of the bridge section is slightly
larger than the design value, and the maximum value is 22 mm, which is beneficial to the
deflection of the main beam in the later stage.
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The stress values of each stress control section are not exceeded in each construction stage,
and the stress at the upper and lower edges in the bridge forming stage is shown in Fig. 17 and
Fig. 18.

It can be seen from Fig. 17 and Fig. 18 that the measured stress in the bridge formation
stage is basically consistent with the theoretical calculated value, and the stress distribution
is relatively uniform, indicating that the selected scheme has a reasonable sequence of three
dragons, and the construction control measures are appropriate, and the bridge construction
state meets the design and specification requirements. 3
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Fig. 17. Stress diagram of the upper edge of the control section during the bridge formation stage
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7. Conclusions

Based on the established finite element model, combined with the common long-connected
continuous beam bridge closure sequence scheme, four feasible schemes are proposed for
this engineering example, three of which are optimization schemes, taking the deformation
and internal force of the main beam as the control elements, the vertical displacement and
the stress change on the lower edge of the section generated by each closing condition under
different closing sequence schemes are calculated and analyzed, and the cumulative vertical
displacement, the stress on the lower edge of the section and the horizontal displacement of the
support under each scheme are compared and analyzed.

(1) It is necessary to carry out optimization research, and the reasonable scheme is not the
only one, and various factors should be considered comprehensively when formulating the
construction organization plan, and the schemes should be comprehensively compared, and
the actual situation should be considered from a technical point of view.

(2) The construction control of the closure stage is studied, and the verification results of the
bridge construction control show that the optimization technology and construction control
technology of the closure sequence are used in this paper, which solves the key problems in
the construction control of the closure of long-link continuous beam bridges and can provide
reference and basis for the construction control of the same type of bridge.

(3) The maximum value occurs at the front section of the secondary side span 0# block,
and the minimum value is at the top section of the side pier. The maximum stress values
of the upper edge of each scheme are —8.57 MPa, —8.33 MPa, —8.59 MPa, —8.67 MPa, and the
minimum stress values are —1.47 MPa, —1.44 MPa, —1.46 MPa, and —1.45 MPa.

(4) The cumulative vertical displacement scheme of the bridge is —109.7 mm, the second
scheme is -116.9 mm, the fourth scheme is —117.5 mm, and the third scheme is only —-61.2 mm.
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