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Abstract. In order to study the mechanical properties of diamond hanging basket
in the construction process, this paper takes the diamond hanging basket used in
the construction of Jialing River Bridge in Baiyanba as the engineering back-
ground, and uses Midas / Civil finite element software to establish the hanging
basket model to analyze the influence of structural stress, deformation and tem-
perature load of hanging basket in the construction process. The results show that
the stress and deformation of the hanging basket meet the requirements during
the construction process; under the action of heating, the vertical deformation of
the hanging basket is large, and the influence of temperature should be considered
when the hanging basket is erected, and the stress meets the requirements. The
effect of cooling on the structure can be ignored.

Keywords: Cable-stayed bridge; Rhombic hanging basket; Back pivot; Me-
chanical property; Temperature load.

1 Introduction

As the core of cantilever casting construction methods, controlling deformation and
stress is challenging during construction [1-3]. The diamond-shaped hanging basket, as
a type of truss-type hanging basket, features a simple structure and clear load distribu-
tion. Wu et al. [4] conducted a stress analysis of a continuous box girder diamond-
shaped hanging basket on a certain bridge. Zhao [5] analyzed the deformation, internal
force and overall anti-overturning calculation of the key parts of the diamond hanging
basket; Cao et al. [6] obtained the internal force, stress and deformation of the bridge
in the maximum cantilever state and the completed bridge state by finite element cal-
culation. Wang et al. [7] analyzed the strength and stiffness of the main components of
the hanging basket suspension system. Xie et al. [8] verified the feasibility of the finite
element calculation results through comparison.

The above studies are mostly aimed at the influence of the load on the hanging basket
in the no-load state, and there are few related studies in the construction process. Stress
and deformation are the main control indexes in the construction process. Therefore,
the finite element model of diamond hanging basket is established in this paper to
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analyze the stress, deformation and temperature effect of hanging basket in the process
of construction and pouring, which can provide reference for similar hanging basket
construction.

2 Project profile

Baiyanba Jialing River Bridge is a prestressed concrete cable-stayed bridge with double
cable planes. The bridge span is 149m + 133m. The center height of the standard beam
section of the box girder is 3.3m, the top width of the box girder is 33.2m, the bottom
width of the box girder is 5.5m, and the net spacing between the box girders is 13.90m.
The standard beam segment of the box girder has a height of 3.3m, a top width of 33.2m,
a bottom width of 5.5m, and a clear spacing between box girders of 13.90m. Cantilever
casting of the box girder is carried out using rear support diamond-shaped hanging bas-
kets. The length of the 0# segment of the box girder is 6m, meeting the requirements
for the starting length of hanging basket assembly. In cantilever casting of the box
girder, the maximum segment control weight is 450 tons.

3 Finite element module method

The hanging basket model was established using the finite element software
Midas/Civil, as shown in Figure 1. The model consists of 648 nodes and 774 elements.
It includes all load-bearing systems such as the main truss, transverse connection sys-
tem between columns, front upper crossbeam, and bottom basket. The hanging basket
suspension straps are simulated using truss elements subjected to tension only, while
the remaining components are simulated using beam elements.

Fig. 1. Hanging basket calculation model Load calculation
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31 Load calculation

According to the design of the hanging basket, the weight of newly poured concrete is
borne by the bottom longitudinal beams for top and bottom plate loads (B/C zone), by
the inner cavity lower longitudinal beams for top plate loads (D zone), and by the lower
longitudinal beams of the wing plate for flange plate loads (A zone). The load distribu-
tion is converted into line loads using the strip method. The load strip division areas are

shown in Figure 2:
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Fig. 2. Transverse load distribution diagram of bridge

During concrete pouring, the load primarily acts on the longitudinal beams, with a
concrete density y of 26 kN/m?*. The load distribution for the box girder segments is
shown in Table 1.

Table 1. Load values on different regions

Area A B C D

Concrete load(kN) 767.68 471.74 97.81 1163.24
Model hard loading(kN) 120.00  3.96 1.25  410.00
Machine load(kN) 69.75 9.00 2.85  193.50
Vibration load(kN) 111.60 1440 456  309.60

3.2 Load combination

The load combinations and coefficients for the hanging basket are as shown in Table 2.

Table 2. Load combination table

Number Load combination Remark
1 (D x1.05+@+@)x1.2+@+®B)x1.4  Strength; Stability
2 O +@+6+® Rigidity
3 O x1.2+®Gx1.4 Overall warming
4 @O  x1.2+@x1.4 Overall cooling

Note: In the table above, (Drepresents the weight of poured concrete; @represents the self-
weight of the hanging basket; ®represents the self-weight of the formwork; @represents the
load from construction equipment and personnel; Grepresents the load generated from pouring
and vibrating concrete; ©represents overall temperature rise; (Drepresents overall temperature

decrease.
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4 Main component checking
Under the most unfavorable working conditions in the construction stage, the stress

analysis of each component part of the hanging basket and the whole diamond hanging
basket is carried out respectively.

4.1  Structural strength and rigidity

The strength and stiffness of the hanging basket structural calculation are illustrated in
Figures 3 to 4.
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Fig. 4. Hanging basket structure displacement diagram (mm)

From Figure 3-4, it can be observed that during the construction process, the maxi-
mum stress in the hanging basket occurs at the longitudinal beam of the bottom basket,
with a maximum stress value of 161.98 MPa; the maximum deformation of the hanging
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basket occurs at the front lower crossbeam, with a maximum deformation value of
20.30 mm, meeting the requirements for stress and deformation.

4.2  Thermal effect analysis

Existing studies indicate that the highest and lowest effective temperatures for steel
bridge decks in hot regions are 46°C and -9°C respectively. According to the tempera-
ture conversion formula, the temperature range is determined to be -11°C to 46°C.
Therefore, this study assumes a temperature variation range of 11°C to 60°C for the
overall structure.

4.2.1 Overall heating calculation
Using load combination 4 for calculation, the strength and deformation of the hang-
ing basket are illustrated in Figures 5 to 6.
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Fig. 5. Stress diagram under the action of hanging basket heating (MPa)
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Fig. 6. Displacement diagram under the action of hanging basket heating (mm)
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According to empirical calculation, it can be observed from figures 5-6 that under
the overall temperature rise effect, the maximum stress on the hanging basket occurs at
the main truss, with a stress value of -154.9MPa, which does not exceed the allowable
stress value. The maximum deformation of the hanging basket occurs at the front lower
beam, with a maximum vertical deformation value of 10.81mm. Therefore, attention
should be paid to the selection of template elevation during formwork construction.

4.2.2 Overall cooling calculation
Using load combination 5 for calculation, the strength and deformation of the hang-
ing basket are illustrated in Figures 7 to 8.
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Fig. 8. Displacement diagram under the cooling effect of hanging basket (mm)

Based on empirical calculation, it can be inferred from figures 7-8 that under the
overall cooling effect, the maximum stress in the hanging basket occurs at the main
truss, with a maximum stress value of -27.7MPa, which is less than the allowable stress
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value, meeting the requirements. The maximum vertical deformation of the hanging
basket occurs at the front upper beam, with a deformation value of -5.4mm, which is
less than 1cm. Therefore, the influence of temperature reduction on the stress and de-
formation of the hanging basket can be neglected.

5 Conclusion

Through analyzing the structural stress, deformation, and considering the effects of
temperature load during the construction phase of the diamond-shaped hanging basket
on a certain cable-stayed bridge under construction, the following conclusions are
drawn.

(1) In this paper, the finite element model is established to calculate the stress and
deformation results of each component of the hanging basket during the construction
process. It is found that the diamond hanging basket meets the stress and deformation
requirements during the construction process.

(2) The impact of overall temperature changes on the stress and deformation of the
hanging basket structure was analyzed. The results indicate that under overall temper-
ature rise conditions, the vertical displacements of the lower front beam and longitudi-
nal beam of the hanging basket are relatively large, suggesting the consideration of
setting the formwork elevation to account for the effects of temperature rise during
actual construction. The impact of overall temperature drop on the hanging basket
structure is negligible and can be disregarded. In the construction process, we should
focus on the impact of temperature rise.

(3) This paper mainly studies the stress, deformation and temperature effect of dia-
mond hanging basket in the construction stage, which can provide guidance for the
design and calculation of finite element software of similar hanging basket system and
cantilever pouring construction.

Reference

1. GINSING N J, GEORGAKIS C T. (2011) Cable supported bridges concept and design. 3td
ed. New York: John Wiley & Sons Ltd.

2. Zucca M, Tattoni S, et al. (2024) On the collapse of a post-tensioned reinforced concrete
truss bridge during the construction phases. Engineering Failure Analysis.158: 107999.DOI:
https://doi.org/10.1016/j.engfailanal.2024.107999.

3. Nathan T D, Ehssan H, et al. (2019) Foundation Reuse in Accelerated Bridge Construction.
Journal of Bridge Engineering, 24(10).DOI: https://doi.org/10.1061/(ASCE)BE.1943-
5592.0001455

4. WU JY, CHENG LS. (2020) Stress analysis and structural optimization of diamond hanging
basket Journal of Luoyang Institute of Technology (Natural Science Edition) ,30(01):17-22.

5. ZHAO R. (2021) Mechanical properties and construction technology of diamond hanging
basket construction in cantilever pouring construction of cross-sea bridge Water conserv-
ancy and hydropower technology (English and Chinese) ,52(02):89-99.


https://doi.org/10.1016/j.engfailanal.2024.107999
http://spis.hnlat.com/scholar/redirect?url=https%3A%2F%2Fdoi.org%2F10.1061%2F(ASCE)BE.1943-5592.0001455
http://spis.hnlat.com/scholar/redirect?url=https%3A%2F%2Fdoi.org%2F10.1061%2F(ASCE)BE.1943-5592.0001455

Study on mechanical properties of rear fulcrum hanging basket 71

6. CAO ZC, REN WP, ZHAO WB. (2020) Construction Scheme Design and Finite Element
Simulation of Hanging Basket Cantilever Method for a Bridge. Highway Engineering,
45(05):112-116+134.

7. WANG CC, WANG L. (2020) Construction hanging basket system checking based on load
analysis method. Highway Engineering. 65(02):150-156.

8. XIE DM, WANG Y]J. (2020) Analysis of application of beam bridge temperature load test
based on Midas. Journal of Harbin University of Commerce (Natural Science Edi-
tion),36(04):455-460.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	Study on mechanical properties of rear fulcrum hanging basket of cable-stayed bridge



