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Shape Optimization Method of Cast Steel Tubular Joints under Multiple
Load Cases

GUO Xiaonong, LI Zhengning, LI Gen, TANG Zilin'
(College of Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract: Cast steel tubular joints have the advantages of excellent integrity and low stress concentration
levels, making them widely used in spatial structures. However, current design codes do not provide verification
formulas for such joints, which forces engineers to rely on finite element analysis for safety validation. This often
leads them to search for reasonable design schemes through a trial-and—error approach. To improve the design
efficiency and quality, this paper first proposes a novel shape optimization method, which develops the parametric
modeling of joints based on subdivision surface, realizes the automatic finite element analysis of joints through
secondary development in ABAQUS, and adjusts the shape of the joints with the genetic algorithm. Secondly, the
objective function of the shape optimization problem under multiple load cases is constructed using four objective

merging methods, namely linear weighted method, compromise programming method, &—constraint method, and
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minimax method, respectively, and the shape optimization problem under multiple load cases is transformed into a

single—objective optimization problem. Finally, the above methods are applied to a cast steel tubular joint in a

cylinder shell, and the results demonstrated that the proposed method can reduce the peak Mises stress of the joint

by 44%~60% , effectively reducing the stress level of the joints without increasing the joint volume significantly. At

the same time, among the objective merging methods, the maximum minimization method can balance different load

cases most effectively and exhibit similar peak Mises stress under different load cases, making the most use of the

material.

Key words: shape optimization ; multi—objective optimization ; cast steel tubular joints; subdivision surface ; ge-

netic algorithms
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Fig.1 General framework of the shape optimization method

FEE P BT B IR R ARAT 55 b R4 507
BT SE A BRI A FIRE , - b AR R BT A AR TR
R SEC. TUT B BRI S8, IF
FSCRH R BT s TUART AR TR | 5 k) 43 BT AR B 52 AT AL
iRy AT A BRI, IS b e B A A L AR
PR A AT EE AL RS N BT A R
A BT ARFRRE . X — i R E A AT R B e
(28 1k 254
1.2 JL{TER
1.2.1 JUAT kA 75 Kay ik

PEAT IR AR 15 50 7 L0 5 S5 R TR B T L] 6
ik =L AR ST, A7 BR JC A% AT NURBS (non-
uniform rational B—splines, JF ) 5] 45 # B #£ 2% ) il 1
SR i Ry R LRI T L AT BR T A%
FIRGERICAR , T8 3 B Sl AS 9 s R S5 F IR
SR AT 0 20l AR R i 2 4 JU AT s 5. il
JH NURBS 1 0 23R 4544 9 J LTI IR, I i % sl 4%
il A A il T R, RORE SRS G W LR R
NURBS i [ f9 5K 12t B 45 #4) fiff 15 T 4 LA 2 35 95 40 AH
U X — 2N A S A il i RO, R
BT ST AR LAk ) 8, AT 7 - 408r B JL AT e 1k

201 53 P TR 2 — ol 35 DO A6 11 s L AR, AR A
I 1 Chaikin' 32 . 2043 il 17 2 — A A% 255
ME 77 e SEARUR: A AR 4 4% R —
053 I X A AT R Ay, B AT B — A ToBR
368 3T T o TR PR A o T4 P A T LA
TEEARFEEAL DR e 2 43 iffy 1 mT D25k B A 4
FNGEF G JLAT TR . [RIESE, 4043 il 1 (R T MR 58 4 ph 45
il A% R, A Bl i P A T80 R AT ) i 1 44 7 9]
HE 2 3 TR ()3 SRR A TS R T AN BT
TR A ()55 B, DRIk, A SO FH 240 4 i 18 50 i 855N

FHEEY U LB R 3
122 JUATHERI# 38 7 ok b5 3T R 2R

P 2 & 1 W AR BT LA A58 18 ) 4 T
i 5, AR AR R S A AR S A3 T T A
F 200 i 4 T PR A G, AR T AR AR T 2 8
o Bl 7 ) RS O TO AL, o8 2 o O s e A2 A8 0 . e
X AR i B4 4 ol A HEAT 2R 0 A, AT A5 2D 3T

UREDEVIZ N
e (2
S 24

HIEI 06
sl X 4%

i
fT 2

B2 $mMAaR T EIUTE R My i i ie

Fig.2 Geometric modeling process of the cast steel tubular joint
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Fig. 3 The construction of the initial control mesh
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Fig.5 Subdivision surface obtained from the control mesh
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Fig.6 The flow chart of the structural analysis module
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Fig.7 The flow chart of the genetic algorithm
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(unit:mm)

®1 HEMEILASH
Tab.1 The geometric parameters of the cylinder grid shell

28 By

5 40 m

K 40 m

EN] 8m
FrHOF 1/4 #0m D219x12 mm
FrFE 2/3/5/6 D245x12 mm
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Fig.10 The internal forces of the joint
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Tab.3 The most unfavorable load cases of the joint

TH  F/N M/(kN-m) F/kN  M,/(kN-m)

FJ/N  M/(kN-m) F/kN M,/(kN-m)

F/kN  MJ/(kN-m) FJkN M/(kN-m)

T 1 6038 1.23 —-132.47 34.63

TH2 4789 0.48 97.48 -17.07 180.10
T3 87.59 1.22 -147.92 20.69 -209.54 -53.71
T4 3574 0.36 -85.35 -54.74 -64.40

-135.00 33.92
-45.27

-20.48
TS5 69.50 1.47 96.64 32.48 98.45 31.66

49.64 1.09 —-123.78 33.09 —148.00 32.63
44.14 0.50 104.70 -19.05 176.50 -46.96
90.78 1.17 -144.21 23.94 -213.26 -56.50
34.34 0.37 -83.57 -56.22 -63.22 -21.05
56.82 1.28 93.21 30.86 99.69 30.30
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Fig.14 The stress contour of the joint under each load case

(top view and bottom view )
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Tab. 4 The peak Mises stress of the joint under

each load case

T I {E Mises [ F1/MPa
1 290.7
2 2853
3 280.0
4 307.5
5 281.3
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() L1 (b) T2 Tab.5 The statistics of the peak Mises stress of the
optimized joint under single load case
A
= - I%{H Mises v J1/MPa
SAT - - PR TR Tm2 Tm3 T4 TS
o .

® V 4 - & IR A 290.66 28525  279.97  307.55  281.32

TN 13093 204.85 21390 24826  266.09
(e)THL3 (d) T4 4

TH 28 17706 14831 219.09 27650  219.99
TO3&ME 21348 22221 15637 21540  226.70
\ A THl4fef 17515 22888 236.82  157.88  162.36
THSHEME 21723 23697 21123 173.08 11240
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Fig.15 The optimized joint shape S 00
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Fig.20 Optimized joints’ peak Mises stress column chart
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