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Flexible Support Hoisting Technology of Radial
Beams for Steel Roof
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(1. China Construction Fourth Engineering Division Co., Ltd.,Guangzhou, Guangdong 510630, China;
2. Guangzhou New Central Axis Construction Co. ,Lid. ,Guangzhou, Guangdong 510623, China)

Abstract ; The spoke-type cable-supported grid structure has significant advantages in the construction of
large-span stadiums and gymnasiums, but its construction process faces complex technical challenges.
The key technical difficulties of the construction technology of first cable and then steel are studied, and
the stability of the upper steel structure installation under the condition of flexible cable net support is
analyzed, especially the lateral stability control of the first radial beam hoisting stage. Based on the actual
engineering requirements, the finite element numerical simulation method is used to analyze the structural
response of the steel beam during the hoisting process, and the accuracy of the simulation results is
verified by the full-scale hoisting test. The research shows that reasonable temporary support arrangement
and cable force optimization can effectively improve the stability of the construction stage and ensure the
installation accuracy of the structure. The research results were applied to the Guangzhou Football Park
Stadium project, which optimizes the construction process and shortens the construction period by
about 20%.
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Fig.1 Effect of the project
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Fig.2 Structures of steel roof
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Fig.3 Profile of the structure
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Table 1 Specifications of cables
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% Al HLHE 21/kN MPa
RR 1570 R $140 5015.4 405. 5
KETER 1570 BHER  $130 5037.5 439.2
THRITHE 1860 WKL  4¢15.2 92.7 165.6

Mk ER 1770 $NLL4 $36 [EIENIE —
SRR 1670 KL $50 G T —
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Table 2 Specification of single steel structure
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Fig. 6 Experimental device
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Fig.7 Structure of reaction frame
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Fig.8 Vertical displacement of hoisting unit (unit;m)
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Fig.9 Vertical displacement of hoop cable in
condition 10( unit:m)
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Fig. 10 Stress of radial beam in condition 10( unit;Pa)
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Fig. 11 Axial force of brace rod in condition 9( unit:N)
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Table 4 Displacement response during hoisting process mm
‘ A U, P
T4 i 212 RmR R R R Rrm%R ENEE BRIt U
1 — — 381.5 567.0 619.1 636.5 317.8 0 -21.0
2 700 1033.3 382.6 567.9 619.9 537. 1 318. 1 0 -19.2
3 655 952.7 374.6 561.5 615.1 533.9 316.5 0 -19.2
4 500 694. 8 321.5 505. 4 573.1 505.9 302.6 0 -18.9
5 395 544.0 288.4 442.3 518.4 469. 6 284. 4 0 —-18.4
6 265 413.2 248.5 371.8 413.2 390.7 245.1 0 -17.3
7 180 338.8 212.7 314.3 338.6 296.3 188.0 0 -15.9
8 130 276. 4 174. 4 257.7 276.2 237.9 144.3 0 -14.7
9 0 12. 8 65.1 98.1 104.3 84.3 45.8 0 -10.0
10 0 0 64.9 97.8 103. 8 83.6 45.0 0 -10.0
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Table 5 Stress response during hoisting process
B F1/kN TR SR G P
TH o . o o . P A 5% 1) Wit R/
1A
AT 1 A2 B3 B4 TS #re RER MR e MPa N
1 — — — — — — 3 690 — — — —
2 — — — — — — 3 690 267.2 20 120.0 459.0
3 -0.42 — — — — — 3 690 263.7 20 120.0 454.5
4 -19.50 -0.31 — — — — 3700 254.2 20 126.0 427.9
5 -20.20 -18.10 -0.25 — — — 3710 243.2 20 125.0 401.5
6  -23.40 -18.10  -27.10 -0.21 — — 3740 212.7 20 117.0 354.5
7 -28.10 -20.40 -26.30 -24.60 -0.82 — 3770 178.2 20 104.0 299.0
8  -35.20 -26.10 -30.80 -29.50  —13.40 -0.46 3790 134.5 20 84.9 227.3
9  -57.10 -43.60 -45.10 -46.50 -32.70  -64.80 3 890 — 20 30.7 0
10 -57.10 -43.70  -45.10 -46.50  -33.20 -403.60 3 890 — 199.2/198.2  30.8 0
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Fig. 13 Radial displacement variation trend of

hoop cable clamp
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Fig. 14 Axial force variation trend of brace rods
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Fig. 15 Force variation trend of suspender cable
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Fig. 16 Force variation trend of hoop cable
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hoisting point
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Table 7 Elevation variation of the lower joints for

brace rods after loose hook of truck crane mm
RS
2 3 4 5 6
HSMH -313. 600 —452. 100 —501. 900 —433. 800 —276. 900 —3. 400
SEIE -262. 200 —424. 600 —498. 500 —422. 200 -260. 700 —5. 200
2MH  51.400 27.500  3.400 11.600 16.200 -1.800
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Table 8 Verticality of brace rods after loose hook of

truck crane
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Table 9 Axial force of brace rods after loose

hook of truck crane
RS
1 2 3 4 5 6
PSMH/KN  -82.0 -51.0 -67.4 -50.9 -68.0 -53.9
SCMAE/KN  -87.9  -55.8  -74.7 -54.9 -73.5 -63.2
REME/ % 7.20 9.40 10.83  7.86 8.09 17.25
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Table 10 Comparison of radial cable force kN
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FISH 3784. 1 4615.9 5009. 3
SENE 3893.8 4.864.7 5410.1
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Table 6 Elevation variation of the upper and lower joints for brace rods mm
FEM 5
A 1 2 3 4 5 6
T i T I T T T i T T F T
WHRIE 1 -0.300  -0.300 — — — — — — — _ — —

LRI 2 ~75.200 -74.100 -120.100 -127.800 —

LRRIF ~71.900 -75.600 —120.200 -125.300 -124.400 -122. 100 — — — — — —
AR 4 ~125.400 —129.000 —227.600 -223.700 -289.300 —288.700 -211.500 -212.900  — — — —
AR5 ~131.500 —125.000 -221.100 -221.900 -270.000 —273.500 -207.700 -206.400 -93.900 -100.300  — —
JEREFEIT 6 —166.800 —171.800 —303.900 -299.300 -386. 100 -386. 600 —315.000 —322.700 —188.800 -212.400 -0.300 -0.300
HEHIANE —262. 100 —261.400 -424. 600 —423.800 —498.500 —497.400 —422.200 —419.600 —260.700 -254.300 —5.200 —4.000
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Fig.20 Elevation variation trend of the lower joints

for brace rods after loose hook of truck crane
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Fig.21 Comparison of radial cable force
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Fig.22 Axial force of brace rods after loose hook of

truck crane
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