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Mechanical properties analysis of cast steel joints in the construction stage
of the steel roof structure of Tianchang national fitness center stadium

JI Kangsheng', XIE Jian', WANG Minghua', TONG Yanyang®, YANG Shiyu'
(1. Anhui Zhongya Steel Structual Engineering Co. ,Ltd. , Hefei 230051, China;
2. School of Civil Engineering, KeYi College of Zhejiang SCI-Tech University, Zhejiang Shaoxing 312369, China)

Abstract: Because of the large number of strings and staggered connections, the traditional intersecting joints
cannot meet the connection requirements of the rods in the complex long-span pipe truss steel structure due to the
limited section, insufficient connection stiffness and insufficient intersecting lines. Cast steel joints are widely used
in space structures due to their advantages of one-time casting, strong shape adaptability and uniform material. In
this paper, the mechanical analysis of 8 typical cast steel joints is carried out for the steel roof project of Tianchang
National Fitness Center Stadium. The number of rods connected to cast steel joints ranges from 4 to 12, which can
be divided into two types: support cast steel joints and space cast steel joints. In the analysis, two main
construction conditions of closure and unloading are considered. In the unloading condition, the influence of the
unloading sequence of the temporary support of the inner and outer rings on the cast steel joint is considered, and
the stress cloud maps of the cast steel joint under each working condition is compared. The analysis results show
that the maximum Von-Mises stress is only 22 MPa when the outer ring temporary support is completely unloaded
and the inner ring temporary support is half unloaded, and the maximum stress is about 51 MPa when the outer
ring temporary support is completely unloaded. Under five main construction conditions, the stress distribution of
eight typical cast steel joints is relatively uniform, the stress transition at the joint and bar joint is reasonable, and
the stress distribution in the core area of the joint is small, which can ensure the effective connection and internal
force transfer between the bars of the main structure of long-span pipe truss.

Key words: long span steel structure; cast steel joints; construction conditions; multi-scale finite element method
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Tab. 1 Summary diagram of cast steel joint
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Tab. 2 G20Mn5QT cast steel property parameters
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Fig. 3 Unidirectional tensile stress-strain curve of
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Fig. 4 Schematic of the multi-scale model
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Fig. 5 Stress cloud diagram of cast steel joint during closing

3.2.1 Al I S5 BRI 3

HMRENEN BT, I I ST BRI 80—~
60—>40—>20—>0 HY ML) BEAT, 1 3T X B 3 2 )
B HME 4 BN BG4 K T B Von-Mises 7 1)
=EWE 6 FroR. iAW sE R AT S, RS
IKFRUAIR. By fe KA R AR A Z2]-2 5 30 A T i 4

PERNYT A5 9% FF & 42 ALK, B 3 K Von-Mises
B 22 MPa, /8 F G20Mn5QT Ja iR o 2.
ARG ES A EI B T T, B s e &,
i 2 it T3k 2 v B 2R oK.
3.2.2  WIE NG S IE 2

R E == cF G Al e



5 439 THREAE, S R AR B b0 M 7 350 19 S22 2 45 ) 8 B9 7 it 0 B ) - R RE S0 AT 575

Bl I ) S P A B R I . 80—>60—>40—>20—>0 ff) 40 /NI B IR T S8 Von-Mises [ 11 2
WP BEAT, EIECEE N BRI S E AL NEACREIR S BB 7 R,

SOLID STRESS .

S-VON MISES , N/mm"2 SOLID STRESS R
12 264001 SVON MISES 1Nlmm 2
o 2% 7e+ooo
o 4T 424000 K :+000

o . 20
7.9% 2e*000 2 T4 9e+000
e L,

" +4, 3e+000 6. 7264' -
6. 8% 4
- 0+%3. Te+000 6. 8263 7000
7' 14553' 1e+000 7. 0263. A
3. AR 1 6ev000
X i . 1«;%. 1e+000

S+, 664000 208 6e+000
12. 3% ok

1, 1e+000 4. 1e+000
24. 24. 2%
+0. 0e+000 +0. 0e+000

(a) ZJ-2

820k HTBEES, wmn2
+2. 2e+001 SOLID STRESS =
S-VON MISES , N/mm"2

5
Iy

9
. 4;69. Te+000 242, 24001
5' 7. 424000 9. 7e+000
" 45, 9e+000 7. 404000
e 3+5, 0e+000 ~45. 924000
6. 7% +5. 0e+000
+4, 32+000 LT
6. 8% 81;)4. 3e+000
o Te+000 - 5. 7es000
7 733 Le+000 -laslleﬂ,oo
5 14;62. 6e+000 '1&2. 6e+000
9' G2~ 1e+000 'O+ . 1e+000
1'2 +31%' 62+000 15, 6+000
1. 164000 [y o000
! +0. 084000
+0. 0e+000
(c) ZJ-4 (d)KJ-5
Ee6 SIELBMHHERENTSENZE
Fig. 6 Stress cloud diagram of cast steel joint when all outer rings are unloaded
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Fig. 8 Stress neogram of cast steel joints after complete unloading
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