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Creep behavior analysis of cable-strut structures based on
the vector form intrinsic finite element method

WANG He-yu, YUAN Xing-fei, DENG Man-yu

(College of Civil Engineering and Architecture , Zhejiang University , Hangzhou 310058, China)

Abstract: The phenomenon of creep and stress relaxation in steel cables occurs during the long-term use of
cable-strut structures. The prestress loss in steel cables will weaken the overall stiffness of the structure
and lead to stress redistribution. To ensure the safety and stability of the structure in service, based on the
vector finite element theory, this paper analyzes the mechanical behavior of cable-strut system considering
creep effect. According to the creep constitutive model of steel cables, the creep strain is in corporated into
the calculation of internal forces of members, and then a calculation method of the prestress loss in the
cable-strut system considering the creep effect is presented. A single layer orthogonal cable net and a
Geiger type cable dome are analyzed using MATLAB. The results show that under the constant load, the
stresses in steel cables decrease and the deflection of the structure increases over time. The proposed
method can be used to analyze the creep effect on the safety and applicability of cable nets and cable domes,
providing a reference basis for the early warning and prestress compensation in practical engineering.
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Fig. 1 Virtual reverse motion
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Fig. 2 Flow chart for analysis of creep behavior
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Fig.3 Layout of cable net structure
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Table 1 Prestress of each member of cable net

FIT G PR3/ MPa | HIugis TS/ MPa
C-1 513. 00 C-10 512. 96
C-2 514.59 C-11 514.55
C-3 517.72 C-12 517.68
C4 512.90 C-13 512. 89
C-5 514. 48 C-14 514.47
C-6 517.63 C-15 517.61
C-7 512. 92 C-16 512.97
C-8 514.51 C-17 514.56
C-9 517. 64 C-18 517.69
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Fig. 4 Time-stress curve of units C-4, C-9 and C-16
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Table 2 Stress of each element at =1 y and t=20 y

0 h ly 20y
FALIT
P BEJME REE XL R ME AR
/MPa /MPa /% /MPa /%

C-1 720.12 701.30 2.61%  692.13 3.89%
C-2  753.51 733.96 2.59%  724.43 3.86%
C-3  794.53  773.51 2.65%  763.27 3.93%
C-4 701.96  683.82 2.58%  674.97 3.84%
C-5 733.82 714.96 2.57%  705.77 3.82%
C-6 773.99  753.68 2.62%  743.77 3.90%
C-7 416.41 394.94 5.16%  384.53 7.66%
C-8 430.89  408.62 5.17%  397.83 7.67%
C-9 471.96  448.21  5.03%  436.70 7.47%
C-10 313.72 294.80 6.03%  285.64 8.95%
C-11 323.32 303.76 6.05%  294.28 8.98%
C-12 353.92  332.79 5.97%  322.55 8.86%
C-13 334.44  314.96 5.82%  305.53  8.64%
C-14  344.79  324.64 5.84%  314.88 8.67%
C-15 375.68 353.94 5.79%  343.41 8.59%

C-16 552.49  532.60 3.60% 522.84  5.37%

C-17 576.40 555.80  3.57% 545.68  5.33%
C-18 607. 34 585.20  3.65% 574. 35 5.43%
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x3 AERE C-11 BB HFRK R4 AEMHEHBLSETHEART S (LA :mm)
Table 3 Stress loss of unit C-11 at different times Table 4 Element stress and nodal displacement at different
it ] B/ MPa AR/ % times (Unit: mm)
0h 323. 32 0.00 . o cl N
24 b 318. 18 1.59 ANSYS VFIFE ANSYS VFIFE ANSYS VFIFE
0h 701.96 702. 66 323.32 323.64 —84.00 —84.08
30 d 312. 30 3.41
24 h 697.21 697.56 318. 18 318.34 —84.41 —84.45
90 d 309.75 4. 20
30d 691.77 691. 84 312.3 312.33 —84.93 —84.94
180 d 307. 44 4,91
90 d 689.4 689. 26 309. 75 309.69 —85.16 —85.14
ly 303. 76 6. 05
ly 683.82 683. 55 303. 76 303.64 —85.74 —85.71
2y 299. 25 7. 44
5y 675.65 675. 31 295.00 294.85 —86.67 —86.63
5y 295.00 8.76
10y 675.00 674.63 294. 31 294.15 —86.74 —86.69
10y 294. 31 8.97 B
20y 674.97 674.57 294. 28 294.10 —86.75 —86.70
20y 294. 28 8.98
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Fig.5 Time-displacement curve of nodes N-1, N-5 and

N-9
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Fig. 6 Layout of Geiger cable dome
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Table 5 Basic information of each member of cable dome
LT o) D/mm A/mm’ o/MPa
URC-1 71 3010 403. 14
URC-2 71 3010 610. 46
URC-3 71 3010 885. 17
DRC-1 65 2 450 262. 40
DRC-2 65 2 450 351. 82
DRC-3 65 2 450 419. 43
LC-1 73 3 150 339.18
LC-2 73 3 150 393.45
B-1 — 4 964 —290. 09
B-2 — 4 964 —54.91
B-3 - 4 964 —79.62
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Table 6 Stress of each element at t=1y and t=20 y

0 h ly 20y
HIE
P NEME/ BHE/ MXE REE/ AR

MPa MPa #1%/% MPa #i%/%
URC-1  239.68 213.34 10.99 200.12 16.51
URC-2  383.62 343.74 10.40 323.83 15.59
URC-3  717.11 659.2  8.08 630.77 12.04
DRC-1  182.27 165.10 9.42  156.63 14.07
DRC-2  426.59 403.47 5.42  392.51  7.99
DRC-3  788.38 762.08  3.34  749.77  4.90
LC-1 410.83 388.53  5.43  377.97  8.00
LC-2 738.17 713.47 3.35 701.91  4.91

R7 AERE URC-1 BTHI M hiRsk

Table 7 Stress loss of unit URC-1 at different times

| L 7118/ MPa AHXF B K/ Y%
0h 239. 68 0. 00
24 h 232. 81 2.87
30 d 224. 86 6.18
90 d 221. 38 7.64
180 d 218. 29 8. 92
ly 213. 34 10. 99
2y 207. 21 13.55
5y 201. 24 16. 04
10y 200. 17 16. 48
20y 200. 12 16.51
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Table 8 Element stress and nodal displacement at

different times

URC-1 DRC-1 N-4
I} i)
ANSYS VFIFE ANSYS VFIFE ANSYS VFIFE
0h 239.44  239.68 182.09  182.27 —24.51 —24.54
24 h 232.69  232.81 177.70  177.79 —24.78 —24.80

30d 224.84 224.86 172.60 172.62 —25.11 —25.12
90 d 221.42 221.38 170.40  170.37 —25.27 —25.26
ly 213.42  213.34 165.17 165.10 —25.61 —25.60
5y 201.34 201.24 157.38 157.30 —26.20 —26.18
10y 200.28 200.17 156.75  156.66 —26.26 —26.25

20y 200.24 200.12 156.73  156.63 —26.27 —26.26
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