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Abstract: For the connected structure with rigid connection, the force between the connected structure and the tower is
complex. Especially considering the influence of lifting construction, the force of the structural member between the
connected structure and the tower is significantly different from that of the design one-time forming. It has been
pointed out that the internal force of the connecting member can be close to the design state by means of multi-stage
unloading. The analysis method is divided into three key steps. Firstly, the unloading scheme is determined according
to the objective environment such as construction scheme and field environment. Secondly, the finite element
software is used to obtain the changes of member internal force in each stage (including multiple unloading and
dismantling). Finally, through the optimization theory, the optimal unloading analysis in a single stage could be
obtained. After that, taking Hangzhou Yunmen steel structure as an example, the scheme of multi-stage unloading,
the verification of calculation assumptions and the analysis of structural spatial effect are carried out. The results show
that multi-stage unloading greatly improves the consistency of the internal force of the connecting section structure
integrated with the design after construction.
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Fig.3 Multi-stage unloading scheme
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Table 2 Parameters of internal force variation %

AT o, 0, 0,
1 0.00 0.38 —0.20
2 0.00 4.87 24.17
3 —14.74 —9.83 17.84
4 —6.16 11.61 61.63
5 —78.46 —41.88 —100.00
6 0.00 28.59 —46.57
7 32.36 3.10 18.68
8 1.36 0.09 0.73
9 28.76 1.27 9.11
10 2.10 0.01 0.56
11 34.79 1.79 14.05

Table 1 Distribution of internal forces %
A P, P, P, P, P,

1 0.00 0.00 0.20 0.16 0.45
2 0.00 0.00 2.56 7.79 12.44
3 13.49 6.52 1.36 5.22 2.08
4 5.98 2.65 8.75 22.10 18.53

80.93 43.66 21.66 0.00 0.00
6 0.00 0.00 15.02 4.93 3.18
7 0.00 15.36 16.99 21.03 12.55
8 0.00 0.64 0.69 0.85 0.47
9 0.00 13.65 14.32 16.29 10.83
10 0.00 0.99 1.00 1.12 0.89
11 0.00 16.52 17.45 20.50 38.58
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Table 3 Different unloading scheme kN
HEETHE RIEF % 1R % 2RI
FE1 9 388.2 4456.5 4931.6
FE2 9 388.2 837.0 8551.1
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Table 4 Ratio of unloading amounts %
#I 8 HFERFWAM(FH 1K) FEBW(FH 2K)
ik A 23.94 21.49
4 B 25.96 30.89
ik E 26.18 28.95
AT 23.93 18.66
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Table 5 Comparison of axial force between measured and simulated results kN

L] B 8]

L 2022.02.13 2022.09.21 2022.10.23
2022.01.19 -
5 AL 5 ) AE Bk 5% A
YB-01 0 —2094 —1518 —6163 —6 343 —6532 —6 343
YB-02 0 958 1117 2698 2687 2790 2687
YB-03 0 —1330 —1647 — 2880 —3803 —3320 —3803
#H R A
YB-04 0 0 0 7 356 7762 7765 7762
YB-05 0 0 0 —4 466 —4 491 —4 653 —4491
YB-06 0 —89 —121 —156 —169 —290 —169
YB-01 0 —4 239 —2171 —9428 —9202 —9675 —9202
H#R B YB-03 0 —2 360 1653 — 7879 — 7825 —8 231 — 7825
YB-05 0 0 0 —6320 —6741 —6 539 —6 741
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