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Fig. 9 Original diagram of a 18-rod planar truss
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Tab.4 Grouping of a 18-rod planar truss

2[5 Group number T4 Rod
1 1.5.8.12.16
2 2.6.10.14.18
3 3.7.11.15
4 4.9.13.17

x5 EHIZRUERILE

Tab.5 Comparison of optimization results in example 2

%1178 it Design variable HS-GA GP
A,=A=A=4,,=4,, 77.10 77.68
Ay=A=A,,=4,,=A, 111.25 115.14

A=A,=4,,=A,, 53.65 51.14

A,=A,=4,,=4,, 30.30 30.49
x, 5.02 4.89
¥, 0.48 0.44
x 10.46 10.54
Vs 1.72 1.97
x, 16.44 16.89
Vs 3.19 3.11
X, 23.79 24.00
Vs 4.12 3.81

JFT i Mass M/kg 2 146.20 2180.53

RS ATLIAE H HS-GA UG RYETEA 2 146. 20 kg,
A GPBIEAE B BARAE T 1. 57% , DAL R 484

10 AEALIE R 25 R I . I 10 A LA Y, Al
EABE AT EAR I

1

E10 18FFRUEHKE
Fig. 10 Optimized shape diagram of a 18-rod truss
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Tab. 6 Rod stresses and corresponding allowable stresses

VP 7] Allowable stress

{4 Rod 77 Stress R/MPa

R./MPa R /MPa
1 41.15 137.89 52.69
2 -29.63 137.89 44.87
3 -20.46 137.89 195.45
4 79.13 137.89 30.43
5 49.48 137.89 52.69
6 -54.25 137.89 55.86
7 -46.21 137.89 88.02
8 98.08 137.89 52.70
9 32.00 137.89 34.83
10 -76.89 137.89 80.85
11 -31.40 137.89 55.89
12 117.20 137.89 52.69
13 54.92 137.89 21.78
14 -93.54 137.89 98.48
15 -40.81 137.89 40.82
16 137.79 137.89 52.69
17 137.66 137.89 13.99
18 -120.47 137.89 120.56

7 iR

i 33 F1] F HS-GA (. THS . IGA . GA X 40 T 1 18 #T
MR EE R AT AR AT 5 oA SCEREA 7T 1E , 75 2]
PIR 458

1) 7 3% GA Bl I i IGA 75— FEEE [ ] AR
1= GA R fif 5, 380 GA 1) 42 s 18 R Bk

2) AR SCHR B IGA 5 THS B sk AT IR & L T
HS-GA, 73 K45 T IGA 45y I fE 1, 3 H & #% THS
SRR Y R R g

3) R T M AR g5 M B R A, 55 GAIGA | IHS.
HPSO.GSO . TLBO .GP 5.4 Lt , HS-GA L fbJ5 19
/N, R, HS-GA AL R B, S BE
WL

2 2% 3 (References)

(1] B Aok, th . B s iy 2 RN AL R A T (D). 3+
Jy24,1990,7(4) : 82-92.
SUI Yunkang, YOU Zhong. A multi-level optimization method for
space trusses with combing sectional area and coordinate variables
[J]. Chinese Journal of Computational Mechanics, 1990, 7(4) : 82-
92. (In Chinese)

(2] Wl TR, O, 5. BEEs rns BRI et (1], 7151
J1% 54, 1998, 15(4) : 109-113.
GAO Feng, WANG Dejun, HU Qiao, et al. Discrete structural
geometrical optimal design using genetic algorithms [J]. Chinese

Journal of Computational Mechanics, 1998, 15 (4) : 109-113. (In



158 LB R 2025 4F:
Chinese) China Rural Water and Hydropower,2021(8):180-185. (In Chinese)
[3] LILJ,XUTX,LIUF,et al. The group search optimizer and its (8] A XBFAT. I A A BRI HIrmorikI]. +
application to truss structure design [J]. Advances in Structural AT A4, 2021,38(2) : 68-76.
Engineering,2010,13(1):43-51. PENG Junlong, DENG lJiali. Evaluation method of highway
[4] ZEENAE, 170, =i . LT IATIRIE A E AT B T 2845 K T8 construction project with environmental level [J]. Journal of Civil
RABALLT]. TR S22 ,2011,28(4) : 151-157. Engineering and Management,2021,38(2):68-76. (In Chinese)
GUO Lihua, TANG Wencheng, YUAN Man. Shape optimization [9] SRINVAS M, PATNAIK L M. Adaptive probabilities of crossover
for truss structures based on parallel chaos optimization algorithm and mutation in genetic algorithms [J]. IEEE Transactions on
and complex method [J]. Engineering Mechanics, 2011, 28 (4) : Systems, Man and Cybernetics, 1994,24(4) :656-667.
151-157. (In Chinese) (107 FRWIW], R T . LO MY fh 2k i i RLR A AT SE 0], 74
(5] ORGIHE, XUBLT JEGR D, 25 . B U2 IR A B A UG AR ,2015,41(12):129-132.
NS ALE (7], B FE TR A AR (FE T /R ) ,2010,35(6) + XU Mingming, SONG Yubo. The research of the LO type curve of
24-28. adaptive genetic algorithm[J]. Computer Technology and Its Appli-
ZHU Chaoyan, LIU Jingyu, DONG Jinkun, et al. An imitative full- cation,2015,41(12):129-132. (In Chinese)
stress genetic algorithm for structure shape optimization design [11] LILJ,LIU F. Group search optimization for applications in struc-
with discrete variables [J]. Journal of Kunming University of tural design [M]. Heidelberg: Springer Berlin Heidelberg, 2011
Science and Technology (Natural Science),2010,35(6) :24-28. (In 69-96.
Chinese) [12] CHENG W, LIU F, LI L J. Size and geometry optimization of
[6] GEEM Z W, KIM J H, LOGANATHAN G V. A new heuristic trusses using teaching-learning-based optimization [J]. Interna-
optimization algorithm: harmony search [J]. Simulation, 2001, 76 tional Journal of Optimization in Civil Engineering, 2013, 3 (3) :
(2):60-68. 431-444.
(7] JEmg &, fimik . 52T HS Bkt iy EEMD-RNN VR EE L3007 5% [13] ZHENG Q Z,QUERIN O M, BARTON D C. Geometry and sizing

PRI T ], E AR KK L, 2021(8) - 180-185.
FAN Pengfei, ZHU Fuyuan. Displacement prediction model of
EEMD-RNN concrete dam based on HS algorithm optimization[l 1.

optimization of discrete structure using the genetic programming
method [ J]. Structural and Multidisciplinary Optimization, 2006, 31
(6):452-461.

Optimization method of truss structure size and shape based on harmonic search

genetic algorithm

XIE Jun'? ZHANG Huashuai' LIN Shuqin' PANG Bolei' YAN Jie'
(1. School of Civil Engineering, Hebei University of Architecture, Zhangjiakou 075132, China)
(2. Hebei Key Laboratory of Diagnosis, Reconstruction and Anti-Disaster of Civil Engineering, Zhangjiakou 075132, China)

Abstract: In order to improve the traditional design concept and the lack of optimization of genetic algorithm, and
promote the development and innovation of the shape optimization of truss structure, according to the basic principles of
harmony search algorithm and genetic algorithm, a new hybrid genetic algorithm-harmony search genetic algorithm was
proposed (the mixing of genetic algorithm and harmony search algorithm is to embed the harmony search operator after the
operation of the genetic algorithm), and at the same time the cross-variation in the genetic algorithm was adaptively improved
in three situations, and elitism and other improvement measures were introduced. In addition, the harmonious search algorithm
is processed with mixed variables of discrete variables and continuous variables, and a truss structure shape optimization
method based on the harmonic search hybrid genetic algorithm was established. In the optimization process, the two different
types of design variables of node coordinates and cross-section area were considered uniformly, which solves the problem of
difficulty in coupling of the two types of variables. Through the analysis of two typical examples, the results show that the
harmonic search genetic algorithm (HS-GA) has efficient convergence speed and strong global ability. Compared with genetic
algorithm (GA), heuristic particle swarm optimization (HPSO) and other optimization algorithms, the optimization effect is
obvious, and it is a method suitable for the shape optimization of truss structure.

Key words: Shape optimization; Harmonic search algorithm; Hybrid genetic algorithm; Adaptive genetic algorithm
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