Journal of Physics: Conference

Series
PAPER « OPEN ACCESS You may also like

. . . . - Simplified method for the transverse
Construction simulation of middle column of _M%

. . . . . . ox girder bridges
prefabricated box girder bridge in prefabrication Jchithra, Praveen Nagarajan and Sajth A
Stage - Dynamic analysis of continuous box girder

bridge

Irpan Hidayat and Febrian Suryatama
To cite this article: JiangWei Kang et al 2021 J. Phys.: Conf. Ser. 2044 012201 ) o
- Prestressing force monitoring method for a
box girder through distributed long-gauge
FBG sensors
Shi-Zhi Chen, Gang Wu, Tuo Xing et al.

View the article online for updates and enhancements.

@ = DISCOVER

how sustainability

The : ' : intersects with
Electrochemical ¢ ]
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.22.100.180 on 08/05/2024 at 13:54


https://doi.org/10.1088/1742-6596/2044/1/012201
https://iopscience.iop.org/article/10.1088/1757-899X/330/1/012118
https://iopscience.iop.org/article/10.1088/1757-899X/330/1/012118
https://iopscience.iop.org/article/10.1088/1757-899X/330/1/012118
https://iopscience.iop.org/article/10.1088/1755-1315/1169/1/012002
https://iopscience.iop.org/article/10.1088/1755-1315/1169/1/012002
https://iopscience.iop.org/article/10.1088/1361-665X/aa9bbe
https://iopscience.iop.org/article/10.1088/1361-665X/aa9bbe
https://iopscience.iop.org/article/10.1088/1361-665X/aa9bbe
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsvoO6u1WrjTOVtGRoEyMlHUO6U7nL1tCWRkgRTLj1xr_JDp25ZTiaLwHexWpE5TWTLAO58B3fPSZR2rP4N6VGwfP1in-yECK_NTd34a_6RpbAUWTZqnQYKzFYEv2IC27YWHwDnyrbVvtq3wlLd3BhnVDKAqyPr_0Jbw9zJ0RTahTLVtD2qfpXW6ciXNFm6X8jymM7XQEzhGCyaS-krX5y0wbqfs1ayAQF7FNgacKPKhVjQVuc6HHUpvgjWCIvpqgtug-No2c-VqzMhFj0H8JTVcrLkgdkNELt6W2BhO5QTAMycXgvnKB_APXa01j5GfG31Ro_F1-R50gJNJsNWS85n1flUF5w&sig=Cg0ArKJSzI6HMvi8y1u4&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

ICAMIM 2021 IOP Publishing
Journal of Physics: Conference Series 2044 (2021) 012201  doi:10.1088/1742-6596/2044/1/012201

Construction simulation of middle column of prefabricated
box girder bridge in prefabrication stage

JiangWei Kang*', Zheng Yang’ , ChunTing Lu® and YaHui Wang*

'School of Human Settlements and Civil Engineering, Xi'an Jiao tong University,
Xi'an, Shaanxi, 710000, China

?School of Human Settlements and Civil Engineering, Xi'an Jiao tong University,
Xi'an, Shaanxi, 710000, China

3 Installation Engineering Co., Ltd. of CSCEC 7th Division, Zhengzhou , Henan,
450000, China

*School of Human Settlements and Civil Engineering, Xi'an Jiao tong University,
Xi'an, Shaanxi, 710000, China

! *Corresponding author’s e-mail:2531821709@qq.com

Abstract: Through the finite element software abaqus, the finite element model of
prefabricated segmental box girder with one joint and three spans(42m+66m+ 42m)in the
section from the airport expressway to XinZheng is established. It is demonstrated that the
stress of the box girder and the stress between joints are in the safe range during the
symmetrical splicing construction of middle piers. By changing the value of the pre-stress, the
influence of pre-stress on the mechanical performance of the box girder in the construction
stage is discussed.As a result, during the construction process, the roof pre-stress has a bigger
impact on the construction stage than the web pre-stress, and it is proposed that the loss of
pre-stress should be reduced during the construction stage.

1. Introduction

With the continuous in-depth research on pre-stress and the continuous maturity of prefabricated
assembly technology, prefabricated segmental bridges have been developed. The construction
technology divides the main girder into sections, and prefabricates and maintains the main girder in
the factory according to the long-line method or the short-line method. After the beam section reaches
a certain strength, it is transported to the construction site, and the beam section is spliced together by
a bridge erecting machine. It has the advantages of fast construction speed, small construction space,
and less impact on traffic. The upper and lower structures of the bridge were constructed at the same
time. At present, it has been widely recognized in the bridge construction of various countries in the
world -2,

However, with the continuous application of precast segment splicing construction method, a lot of
safety accidents occurred in the process of segment assembly due to the large loss of pre-stress. Such
as cracks at the joints and concrete cracks at the joints, falling off of segments, excessive vertical
displacement of beams during construction, etc., which cause serious economic losses to people.

In 2000, angel C. Aparicio and others carried out tests on beams constructed by integral pouring
methods and segmental assembling methods, compared and analyzed the ultimate bearing capacity
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and joint shear performance of structures under bending and bending shear conditions, as well as the
influence of external cable length on the ultimate bearing capacity of structures™; Liu Zhao, a Chinese
scholar, analyzed the overall mechanical performance of the segmental assembled box girder in the
construction stage and operation stage through the full-scale model test of the box girder of the Fourth
Nanjing Yangtze River Bridge in 2011. The mechanical properties of the segmental assembled bridge
can meet the specification'”; Wang Yi used ansys software to simulate the cantilever construction
process of a bridge, and pointed out that the stress condition of each segment of the bridge in the
construction stage was good, and the concrete would not crack, so it was in a safe range!”’; At the same
time, Xiao Junyao analyzed the mechanical properties of a segmental prefabricated girder bridge, and
pointed out that the segmental bridge is in the elastic range in the construction stage, and the shear key
can be ignored in the overall analysis process of the bridge!®..

Based on previous research results, this paper simulates the construction of the symmetrical
splicing of the piers in the segment beams. Aiming at some safety accidents caused by the excessive
loss of pre-stress, it explores the influence of the pre-stress on the mechanical performance of the
segment bridge box girder during the construction process.

2. Engineering background

This paper selected a three-span (42m+66m+42m) for construction analysis. The main line viaduct is
mainly erected by prefabricated cantilever components of segmented beams. Each part of the beam is
connected with pre-stressing and splicing adhesives. The length of the standard beam section is 2.9m
or 2.4m, the width is 16.5m and 10m, and the maximum weight is about 88t.

2.1 Stress analysis of construction process
According to the deflection deformation principle of structural mechanics and the elastic calculation
theory of pre-stressed concrete beams, the bridge deflection in the construction stage of the precast
segmented box girder splice bridge consists of two parts, one is the deflection produced by the beam
itself. ; The other is the deflection caused by the pre-stress!”.

The deflection of the bridge under gravity and the load adopts structural mechanics method: A=

Zf MKMP dS

EI
Mg is the virtual unifying force in the virtual state Bending moment at Pg=1, Mp is the bending
moment produced by the actual load.

Under the action of pre-stress, the arch value of pre-stressed concrete beam can be calculated by

1 Mpe My
filee M gy
aBg _

Mpe is the bending moment value caused by effective pre-stress at any section x, Mx is the
bending moment at any section X when the unit force is applied at the end of section 11; Bs is the
construction of elastic stiffness, a is the reduction coefficient of elastic stiffness, taking 0.9.

The calculation results are as follows Figure 1.

structural mechanics according to the given construction stiffness: 6,e =
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(b) Gravity and construction
load model

[=1.11178m4,A=1.08166m2,C60 E=36Gpa,e=y-h=0.73-0.205=0.525, Mp, =N, X e . Mp, =
(1141 —n) X M,
G and F see the Table 3

Figure 1 Load model and bending moment diagram

(a) Unit load model

(¢) Pre-stressed load model

The graph multiplication method is used to calculate the vertical displacement of the 11-segment
end caused by gravity and construction load,Ax~ —0.075m, and the vertical displacement of the
11-segment end caused by the pre-stressed steel, 8,e = 0.0352m.

In the process of bridge construction, the overall deformation is very small, and it is approximately
considered that the spliced bridge segments are in the elastic range, and then each section of the bridge
conforms to the linear superposition principle, that means, the total deformation of the bridge is equal
to the total deformation of each component™. y = A + §,, ~ —0.04m.

3. Finite element calculation model

3.1 Simplification of finite element model

The section box girder involved in this article has a large span, and the spatial connection method and
beam element method used in traditional bridge structures can no longer meet the requirements of
bridge finite element analysis. Combining the spatial solid element can obtain the stress of each part of
the segmented box girder, and can simulate the advantages of concrete cracking. Therefore, the
physical elements of space are used for finite element simulation!® '*’,

3.2 Material parameters
According to structural design instructions, the segment beams are made of C60 concrete, the steel

bars are HRB400 ordinary steel bars, and the pre-stressed steel bars are 1 X 7 @115.2 high-strength,
low-relaxation steel strands f, = 1860MPa, tensile stress 0¢on = 1395MPa The mechanical

parameters of materials are shown inTable 1

Table 1 Material mechanical parameters

Name Material Elastic Modulus /Pa  Poisson's ratio Bulk density /kg
Segment beam C60 3.6E10 0.2 2600
Wet joint concrete C50 3.45E10 0.2 2600
Pre-stressed steel Stranded wire 1.95E11 0.3 7850
Steel bar HRB400 2.0E11 0.3 7850

3.3 Pre-stressing

The pre-stress loading is applied by the cooling method. Since the cooling method in the abaqus
cannot simulate the pre-stress loss of the pre-stressed steel bars, the pre-stressed steel bars are
segmented three parts in Figure 2 and given different temperatures to simulate the pre-stress loss.
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Before applying the pre-stressed load to the pre-stressed steel bar, according to the specification,
combined with the characteristics of small shrinkage and creep of the precast segment box girder, the
only pre-stress loss considered in the construction stage is the superposition of anchor deformation,
friction loss and pre-stressed steel relaxation!'"). The size of the pre-stress is shown in Table 2.

-

Figue 2 The part of pre-stressed steel

Table 2 Pre-stress value

Pre-stress position Numbering Part | cooling (°C) Part 2 cooling (°C) Part3 cooling (°C)
F-7 680 645 614
Web pre-stressed steel : : : :
F-0 592 565 543
T-0 587 585 585
Roof pre-stressed steel : : : :
T-10 681 663 643

The arrangement of the transverse pre-stressed steel strands is divided into
three strands according to the length of the section: 2.4m section contains three
strands, and 2.9m section contains four strands. The pre-stress cooling value is
650°C

Transverse pre-stressed steel H-x

3.4 Finite element model constraints and load arrangement

According to the construction process and the distribution of load constraints, the loads and constraints
involved in the model are symmetrically arranged. The whole model is created according to the 1/4
structure of the middle pier splicing box girder, and symmetrical constraints are set at the longitudinal
and transverse end faces of the box girder, as shown in

Table 3.The steel plate is set at the support to establish the constraint with the bottom of the beam and
restrict the vertical displacement. Ordinary reinforcement and pre-stressed reinforcement are
embedded in concrete with embedded constraints. The joint was simplified!'* '*), and the type of
constraint between segments was tie. Solid element (C3D8R) is adopted for concrete element;
Ordinary reinforcement is modeled by reinforcement layer method (SFM3D); The pre-stressed
reinforcement adopts truss element (T3D2). The overall finite element model is shown in Figure 3.

Table 3 Loads and constraints

Construction stage Release part Load Pre-stress Constraint
The bottom end is fixed,
0#. 0# the beam end is symmetrically constrained (Y direction),
JOB-1 Wet joint G+F TO. FO Beam side symmetric restraint (X direction)
1#. I'#TO. FO Simply supported at the bottom, symmetrical restraint at the

side of the beam (X direction)

JOB-2 2%, 2’#T1. Fl G+F T1. F1

: : : : Beam side symmetric restraint (X direction)
JOB-11 11#. 11’#T10 G+F T10

F is the construction load. The application method is to apply a pedestrian and tool load of SKN/m? on the surface of each section.
When the Nth section is constructed, the Nth and the (N-1)th sections are applied with machinery (epoxy glue mixer and temporary
pre-stressed tensioning machine) load SKN/m?,
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(a) the Overall model (b) Meshing
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restressed steel
i | ‘m longitudinal
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)\ o Ord;naw steel
b (reinforced layer)
(¢) Constraint and load layout model (d) Steel and pre-stressed steel

Figure 3 Segmental beam 1/ 4 finite element model

4. Analysis of calculation results

Figure 4 is a stress diagram of a cross-sectional beam. From the longitudinal stress diagram of the
bridge, it can be seen that, except for the end stress of the No. 11 line segment, the stresses of the other
line segments are all pressure, which will not cause the joint to crack or fall off. The stress of the
segmented beam in the maximum main tension diagram of the bridge is very small, about 0.9MPa, so
the concrete will not crack.

Figure 5 shows the longitudinal stress at the top and bottom of the segmented beam. The stress
change trend is greater at the support and gradually decreases at the far end of the support. Sudden
changes in longitudinal stress occurred in beams 0, wet joints and beam 1, which were caused by
restraints and reduced concrete strength of the joints. In Figure 6, the final vertical displacement of the
segmented beam is about 44mm, which is close to the 47mm of the top of the No. 11 segmented beam
in actual construction and the 40mm vertical deflection calculated by the structural mechanics method.
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(a)Longitudinal stress diagram of segment beam  (b)Main tensile stress diagram of segment beam

Figure 4 Segmental beam stress diagram
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Figure 5 Segment beam longitudinal stress Figure 6 Displacement of segment beam top

5. Influence of pre-stress value on bridge stress during construction

In the actual construction process of tensioning pre-stress, the corrugated pipes are not cleaned cleanly,
the pipeline deviation or due to improper operation may cause the pre-stress loss to be far greater than
the normal construction pre-stress loss, and the actual pre-stress of the pre-stressed reinforcement of
the segment bridge is less than the design pre-stress. Explore the roof and web by reducing the
pre-stressed steel bar stress on the top plate and the pre-stressed web on the web (condition 1), the
stress of the pre-stressed steel bar only on the top plate (condition 2) and the stress of the pre-stressed
steel bar only on the web (condition 3). The influence of stress loss of pre-stressed steel bar and roof
web on bridge stress and deflection during splicing.

Figure 7 shows the longitudinal stress at the top and bottom of the beam under different working
conditions. When the pre-stress loss is too large, tensile stress may appear on the top of the beam,
which may cause joints and concrete cracks. Moreover, in the cantilever construction state, the
sensitivity of the longitudinal stress of the beam to the stress loss of the web pre-stressed steel is less
than the sensitivity of the roof pre-stressed steel.

Figure 8 shows the vertical displacement of the segmented beam under different working
conditions. It can be seen that as the pre-stress decreases, the vertical displacement of the segmented
beam gradually increases, and the pre-stress decreases by 10% each time. The vertical
displacementAr,r increases by about 6mm. In the second working state, only the pre-stress loss and
pre-stress of the top plate are reduced by 10%, and the vertical displacement At at the end of the
sector beam is increased by about Smm. In the third working state, only the web pre-stress loss and
pre-stress were reduced by 10%, and the vertical displacement Ap at the end of the sector beam
increased by about Imm. This shows that in the cantilever construction state, the stress loss of the roof
pre-stressed steel bar has a greater impact on the bridge route than the pre-stress loss of the bridge web.
And the bridge construction section is in the elastic section.

6F —— 0.7 Times Web prestress
—— 0.8 Times Web prestress

0.9 Times Web prestress
8 — 1.0 Times Web prestress

—— 0.7 Times prestress
—— 0.8 Times prestress

0.9 Times prestress
—— 1.0 Times prestress

—— 0.7 Times Roof prestress

—— 0.8 Times Roof prestress
0.9 Times Roof prestress -

— 1.0 Times Roof prestress

Bridge longitudinal stress S33/MPa

Bridge longitudinal stress S33/MPa

T S T S
0 3 6 9 12 15 18 21 24 27 30 33 1o

P S S S S S S I P S T P S R
" 0 3 6 9 12 15 18 21 20 27 30 33 0 3 6 9 12 15 18 21 24 27 30 33
Distance from center column (m)

Distance from center column (m) Distance from center column (m>

(a)condition 1 Longitudinal (b)condition 2 Longitudinal (c)condition 3 Longitudinal
stress on top of beam stress on top of beam stress on top of beam

Figure 7 Longitudinal stress on top under different working conditions
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Figure 8 Vertical displacement of beam top under different conditions

6. Conclusion
The simulation results of symmetrical assembling of the piers in the box girder bridge of pre-stressed
concrete precast section are carried out by abaqus.

During the construction, the segment beam is in the elastic stage. The maximum main tensile stress
of the top plate and web of box girder is less than that of concrete, and the box girder will not crack.
The maximum deflection of box girder is 44mm, which is close to the actual construction of 47mm.

The restraint of pre-stressed steel beam plays an important role in the deformation of the beam
section. During the construction stage, the sensitivity of beam deflection to the stress loss of web
pre-stressed reinforcement under cantilever state is less than that of the top slab pre-stressed
reinforcement, and the stress loss of the top slab pre-stressed reinforcement has more influence on the
bridge alignment than that of the web pre-stressed reinforcement on the bridge alignment.

Too much pre-stress loss may cause the maximum main tensile stress of the section girder
construction process to be close to the cracking stress. The epoxy resin adhesive tensile cracking may
occur or even the whole segment beam will fall off. The maximum deflection of the box girder
construction process will increase continuously, which will bring safety risks and other safety
problems to the construction. The loss of pre-stress will also affect the normal use of the bridge. In the
construction, it should be strictly controlled to reduce the loss of pre-stress.
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