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Abstract: The floating flexible photovoltaic bracket can be in the form of a single-layer suspension cable, a double-layer cable
system, a cable net support and other structural forms. In view of the characteristics of the Beijing Liangxiang sewage
treatment plant, which has a large structural span, complex shape, and construction difficulties, a double-layer cable-
stayed structure photovoltaic support is chosen. This support consists of load-bearing cables, wind-resistant cables,
and vertical connecting cables.. Through the design of double cables and rocking columns, the structure has the
advantages of large span, light weight and well-balanced internal forces of the cable. The cable structure was
reasonably selected and designed, and the cost-effectiveness of the three cable structure design schemes was evaluated
based on the method of equivalent steel consumption. The static performance and parametric analysis of the double-

layer cable structure photovoltaic bracket with good economic benefits were carried out. Based on the limited ground
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conditions, the water-based construction methods and key technologies suitable for the project were studied. The

results show that the economic benefits of the double-layer cable structure photovoltaic bracket of Liangxiang Sewage

Treatment Plant are good, and the structural deformation and component stress meet the requirements of the

specification. The single-layer cable construction tensioning scheme can effectively save costs, and the temporary

reinforcement measures of the rocking column and the auxiliary steel strand effectively ensure the safety of the

construction process and meet the quality control requirements.
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Fig.1 Layout plan of Beijing Liangxiang Sewage

Treatment Plant (unit:mm)
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Fig. 2 Schematic diagram of the flexible photovoltaic
double-layer cable system structure of Liangxiang

Sewage Treatment Plant
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Table 1 Load combination coefficients

B 18 & A T A7 R AT 3,
7ZJ1(CI1)  1.0(1.3)  1.0(1.5)
ZJ2(CJ2)  1.0(1.3) 1.0(1.5)
Z13(CJ3)  1.0(1.0) 1.0(1.5)
ZJ4(CJ4)  1.0(1.3)  1.0(1.5) 0.6(0.9)
ZI5(CJ5)  1.0(1.0)  0.7(1.05) 1.0(1.5)
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Fig.3 Elevations of three types of flexible

cable structure
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Fig. 4 Finite element model of flexible photovoltaic

double-layer cable structure

B = Fh gl i % 300 0 1 AR RAR 25 4 o AT EE
BAYHr . —FRBLAEL A B.CHE 1.0 18 25 + 1.0 7 7 2k 19 A5
WAAEH TR AT MR 2w, 7€ 1.31HHE+1.5
T Af 40 e AN R AL G R R R N ) ank 3T .

K2 =ZMENREASIERATHEEETRE
Table 2 Vertical deformation under the standard

combination of the three models
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Table 3 Component stress under the most unfavorable

combination of the three models

Table 4 Statistics of steel consumption for three types

of cable structure photovoltaic support materials
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Fig. 6 Relationship curves between prestress and

cable stress
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Table 5 Vertical displacement of structure and cable

stress under different load-bearing cable cross-sections
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#/mm mm” mm MPa MPa
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52 1570 —320.37 621.25 —101.17
56 1820 —308.09 555.43 —102.88
58 1950 —301.72 523.95 —103.81
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Table 6 Vertical displacement of structure and cable

stress under different stable cable cross-sections
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#/mm mm” mm MPa MPa
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52 1570 —320.37 621.25 —101.17
56 1820 —309.30 610.55 —100.48
58 1950 —303.63 604.99 —100.72
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Table 7 Vertical displacement of structure and cable

stress under different rise-span ratios

PR B ia A/ BEEN/, WEAEES/
mm MPa MPa
1/25 —320.37 621.25 —101.17
1/26 —368.16 623.41 —101.54
1/27 —439.38 625.66 —101.87
1/28 —471.30 628.86 —102.38
1/29 —545.69 630.69 —102.62
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Fig. 7 Displacement curves of flexible photovoltaic

double-layer cable structure
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Fig. 9 Contour of horizontal displacement of the top

of the rocking columns on both sides and in the middle

in load case ZJ4 (unit:mm)
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double-layer cable system structure components
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Table 8 Advantages and disadvantages of three

construction methods
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Fig. 14 Schematic diagram of U-shaped lifting ring
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Fig. 15 Temporary fixing measure diagram for

rocking column
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Fig. 16 Liangxiang Sewage Treatment Plant solar

photovoltaic building application demonstration project
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