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Fig. 1  Program layout of wind resistant optimization on spatial truss structures
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Fig.4 Stress and displacement of the initial structure under equivalent static wind load
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Fig.5 Stress ratio and displacement ratio in 1st iteration
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Table 1 ~ Some results in every iteration
maximum maximum ) area after
iteration . . . radial step
stress ratio displacement ratio optimization A /m?
number adjusting step
corresponding corresponding
k B Y max max Wt maximum minimum
element node
1 1.00 8219 1.00 1704 1.00 604  full displacement  2.28E-02 8.51E-04
2 0.77 8 142 0.69 781 0.77 397 full stress 1.56E-02 8.51E-04
3 1.00 8 142 1.05 781 1.05 379  full displacement  2.56E-02 8.51E-04
4 0.95 7 704 0.82 835 0.95 384
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Fig. 8 Variation of some results with iterations
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Table 2 Some results with no area lower limit

maximum area after
iteration mMaximum stress ratio radial step
displacement ratio optimization A /m?
number adjusting step
corresponding corresponding
k B ax Y max max W/t maximum minimum
element node

1 1.00 8 219 1.00 1704 1.00 604 full displacement  2.28E-02 4.72E-05

2 0.81 8 111 0.69 781 0.81 328 full stress 1.62E-02 1.48E-05

3 1.05 8111 1.01 781 1.05 253 full stress 1.51E-02 4.67E-06

4 1.03 8 111 1.12 779 1.12 225 full displacement  2.50E-02 1.02E-06

5 2.38 8 037 1.67 1 300 2.38 482

23 40 TR R BRAB W1 IG5 /IME 0.5 f5 (TG A) F 1.5 5 (5 B) I A 45 R,
ATRIE RO A 1580 S5k R 279 «, T 0 B 452 (1) 45 F B A 490 o, AR B )
R4 WA 3 IR, R, BRI AT BRAE R, HT AL 5 4548 H1 i 0 R AR R /) | BT s a5 R R B

%3 ARRBER BRI 5 A0 2s T BRI R

Table 3 Obtained structural weight and area with different area lower limit

iteration W/t area after adjusting A /m’
number maximum minimum maximum minimum
case A case B

k (case A) (case A) (case B) (case B)
1 604 604 2.28E-02 4.26E-04 2.28E-02 1.30E-03
2 337 490 1.61E-02 4.26E-04 1.43E-02 1.30E-03
3 279 503 2.51E-02 4.26E-04
4 415

3.2 BUTEVHRE

1BURE 2% M Fe S5 48 BT KR AL HP IR A AE 53 AR RAS [ 1 115 28, BT A B T2 A v AR
IR AR 0.5 A5 (FIERTTZE 1) 1.5 A5 (WIGRTT SR 2) , N T 4 45 44 2 & 53301 A 302 t
F1906 t, HA R FEAAS, 3R 4 TR 5 450 TR 72 F o fu it g5 1, 558
| EEIRXT L 22 5 F H, BV AR Sl W i (E AN ) (S5 45 21 AT (0 A RN 45 44 o o Jk
AR —F, Fe R T R KA RS LB A AN Wk AT TS Mk T 420, PRtk , R far g Sk 1 Fn 2y
RFAORFEAS | AT B BES H R AR T8 o, 4RI 45 B 4540 i e A i i 8.

W T4 W EFAS 5T, B ORI IR AR 5 4504 5 A AN [A] 25 76 B s AR
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[F] Py 45 44 B



KK AR 4 4k FH ER 833

R4 VIR ST

Table 4 Some results of case 1

maximum maximum . area after
iteration . . ) radial step o )
stress ratio displacement ratio optimization A /m
number
corresponding corresponding
k B inas P ° Y max P ° R, W/t maximum minimum
element node
1 2.00 8219 2.00 1704 2.00 596 2.62E-02 8.51E-04
2 0.68 8111 0.60 1704 0.68 391 1.57E-02 8.51E-04
3 1.00 8 142 1.04 1704 1.04 370 2.55E-02 8.51E-04
4 0.95 7 704 0.83 1531 0.95 376
R5 WIEITR 2 BB 4
Table 5 Some results of case 2
maximum area after
iteration maximum stress ratio radial step
displacement ratio optimization A /m?
number
correspondin, correspondin,
k Boax ponaIng Y max P & R W/t maximum minimum
element node
1 0.67 8219 0.67 1704 0.67 612 2.10E-02 8.51E-04
2 0.83 8 142 0.75 781 0.83 404 1.55E-02 8.51E-04
3 1.01 8 142 1.05 781 1.05 388 2.57E-02 8.51E-04
4 0.95 7 704 0.82 1531 0.95 393

3.3 FAERLSEE
TEE VGRS B RN Fe AR KAV AL Fe ¥ ok 1.0, DRH R 3& A5 m] S 17 g 28 sl B 4 | i
T BBBEN B AR, 3 6 451 T 8 IR LB N 12 AR 45 2. il i 5B 7 #8
B IR (R 1) X a1 i R A TR R D B R AN ], S B S R A U A ] 1 d5 K
ST L, TR B D B AN ] (H B S5 A5 B ) 2540 J i 20, (A 25 2% , 1T 5 2 W 7
R A i i AU /D,
F6 UL AN ST AL

Table 6 Some results with first adjusting step as full stress step

maximum area after
iteration maximum stress ratio radial step
displacement ratio optimization A /m?
number adjusting step
corresponding corresponding
k B s Y max R, W/t maximum minimum
element node
1 1.00 8219 1.00 1704 1.00 604 full stress 1.28E-02 8.51E-04
2 1.03 8219 1.11 1704 1.11 484 full displacement  2.40E-02 8.51E-04
3 1.01 8 113 0.69 781 1.01 441 full stress 2.01E-02 8.51E-04
4 1.02 8 113 0.85 781 1.02 396 full stress 1.77E-02 8.51E-04
5 1.02 8 113 0.98 781 1.02 371 full stress 1.61E-02 8.51E-04
6 1.03 8 113 1.09 781 1.09 381 full displacement

4 %k b7

FET N30 57 25 (WM 2R 45 R B XU DIE P 8 TR A 520 B 4 o R 7 80 LA e X —
PR RUZFE T M A AEATPOXAEAL I F M EGTE T2 TR A0 fh (BN B8 20 e 2 5C
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Wind Resistant Optimization of Spatial Truss
Structures Under Multi-Constraints

HUANG You-qin, LIN Jun-hong, FU Ji-yang, WU Jiu-rong
( Engineering Technology Research and Development Center for Structural Safety and
Health Monitoring in Guangdong Province, Joint Research Center,

Guangzhou University, Guangzhou 510006, P. R. China)

Abstract: The existing wind resistant optimization research on wind-sensitive structures mostly
focused on high-rise buildings, and large span roof structures were seldom involved. The wind
resistant optimization problem under multi-constraints like strength, stiffness and geometric di-
mensions, was converted to an unconstrained problem based on the principle of virtual work
and Lagrange multiplier. A numerical program including finite element computation and optimi-
zation analysis was then developed to optimize a real double-layer cylindrical reticulated shell
with 10 080 bars, followed by discussion of the influences of design variable feasible regions,
design variable initial values and adjusting steps on the optimum results. Studies show that
wind resistant performance of spatial truss structures under multi-constraints can be efficiently
optimized by the proposed approach, and total weight of the shell is decreased by 37% . Lower
limits of the design variables are necessary owing to non-uniform distribution of wind-induced
responses, and different choices of initial design variables and adjusting steps could hardly in-

fluence the final optimum results.

Key words: spatial truss structure; wind resistant optimization; multi-constraints; criterion

method; adjusting steps



