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Overall Lifting Scheme Optimization and Asynchronous Lifting Analysis
of the Special-shaped Steel Roof for a Railway Station Building

DENG Yumin', ZHENG Hongyu', PENG Jiangheng', YU Yujie®
(1. China Railway Construction Group Co. , Lid. , Beijing 100040, China;
2. School of Civil Engineering, Central South University, Changsha, Hunan 410075, China)

Abstract; The large-span irregular roof of Changde Railway Station building on Changde-Yiyang-
Changsha High-speed Railway is supported by an irregular frame and a spatial steel truss structure. The
project features include uneven structural stiffness and limited on-site construction space. Therefore, the
lifting point scheme is designed for different lifting zones of the roof, and reasonable lifting point schemes
are selected based on structural force and deformation analysis. For the larger central area of the roof, the
effects of the deformation caused by single point asynchronous lifting, vertical rail direction staggered
asynchronous lifting, and irregular frame beam segment asynchronous lifting on the roof are compared.
The structural stiffness near the irregular frame beam of the roof is relatively high, and the lifting has a
broader impact range. Lifting at the outer lifting points mainly causes the outer cantilever section to arch
upwards, with minimal impact on the deformation of the internal roof along the rail direction. Based on
the analysis of the effect of the single point asynchronous lifting, a quantitative analysis method and
adverse condition determination strategy for the response of multi-point asynchronous lifting of the roof are
proposed. Using this method, the impact amplitude and adverse conditions of asynchronous lifting at
different lifting points can be quickly determined by referring to tables.
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Fig.1 Effect of Changde Station building
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Fig.2 Lifting zones of roof
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Fig.3 Layout scheme of lifting points in each lifting zone
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Fig.4 Roof structure simulation
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Fig.5 Stress and vertical deformation in lifting zone 1
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Fig. 6 Stress and vertical deformation in lifting zone 2
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Fig.7 Vertical deformation of roof under single
lifting point asynchronous lifting condition
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Fig.8 Vertical deformation of roof under interval point asynchronous lifting condition along the

vertical orbital direction
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Fig.9 Vertical deformation of roof under asynchronous lifting condition in L-shaped beam section
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Table 1 Reaction forces under single lifting point asynchronous lifting condition kN

il T

I

g 1 2 3 4 5 6 7 8 9 10 1’ 2 3 4' 5’ 6' 7' 8’ 9’ 10’
1 29.6 -28.6 -45.2 0.4 29.1 1.7 -36 -0.1 0.6 0 -3 176 06 41 -0.6 -24 02 0.2 0 0
2 -28.0 1147 -1.5 -8.0 26 530 -04 -74 1.2 1.2 180 -66.5 3.6 -13.8 -1.4 10.0 0 -0.5 1.1 0.5
3 -45.2 -1.3 1787 -33.8 -172.6 -12.4 66.0 6.5 -10.0 -0.2 0.5 3.4 -26 193 -1.0 7.5 02 -21 0 0
4 06 -8.9 -333 397.6 -9.3 -271.8 6.5 8.0 0.8 -7.4 42 -95 190 -75.8 48 -13.6 0.7 5.0 1.7 0.2
5 291 26 -172.6 -9.4 319.1 -43.2 -214.8 -10.1 48 1.8 0.2 -1.2 -0.9 42 -1.6 29.5 -0.3 27 0 0.3
6 20 630 -12.8 -273.4 -42.7 547.5 -13.4 -193.5 5.0 365 -1.8§ 7.0 7.6 -12.7 29.3 -151.4 2.7 80 0 038
7 =36 -05 66,1 6.5 -2148 -13.3 297.0 -51.3 -118.0 -1.4 0 0 0.2 07 03 27 -20 341 0o -07
8 0 -8.8 6.5 80.8 -10.2 -194.8 -51.5 357.4 -49 -62.4 0.2 -1.3 -2.1 36 27 7.3 339 -157.9 1.3 0.3
9 09 .0 -10.0 -0.1 &7 56 -117.6 -3.8 62.6 0.1 0.2 0.9 0 0.6 0 -0.2 0 1.8 0.8 -0.1
10 0 .2 -0.2 -7.5 1.8 364 -1.4 61.2 02 3.3 01 05 0 -0.1 01 08 -06 08 -01 038
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Table 2 Reaction force comparison under lifting points 5,6 asynchronous lifting condition kN
; i 5 G 5
I

25 1 2 3 4 5 6 7 8 9 10
ik 311 65.6 -185. 4 -282.8 276.4 504.3 -228.2 -203. 6 69.8 38.3
MIDAS 30.7 64.6 -185.2 -284.2 275 505.9 -228.4 -204.9 70.0 38.2
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Table 3 Unfavorable combination conditions of

asynchronous lifting and the maximum stress ratios

RN R

25 HETY 5 HETY

T HAE T ik TS HA T i
1 1-2-3+5-7 0.29 6 —-4+6-8 0. 46
2 -1+2-4+6 0.28 7 3-5+7-8-9 0.35
3 -1+3-4-5+7 0. 30 8 4-6-7+8-10 0.39
4 —2+4-6+8 0. 47 9 -34+5-7+9 0.35
5 -3+5-6-749 0.35 10 —-44+6+8+10 0.54
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