$37% %5 EHAFE TEFIR Vol.37 No.5
2020 % 9 A Journal of Architecture and Civil Engineering Sept. 2020

S| AR XA ek, 5k R, 55, HESLSS I B (R R 20 AL A et ik LT ], 3R % 5 TR 4% 4 . 2020,37(5) : 161-169.
LIU Jiadaren, YANG Lyu-feng, ZHANG Wei, et al. Improved Method for Optimal Design of Overall Bearing Capacity Optimization of Frame
Structures[ ] ]. Journal of Architecture and Civil Engineering,2020,37(5) :161-169.

DOI:10. 19815/j. jace. 2018. 01053

MERGHBE RGN RN RIBETT A

X GERA=TE R R AR B
L PRk TR S 4% B MR AR )T T 530004;
2. BRI K% A S 5RB TR B IR M RAESB TOGLHY;
3. VTP AR E RSB )T BMT 530003)

TEAMREREMERARBEARKER AT BELEOFA, ELT S NAAETEN o LFH K
AT ARG E T &, FBEIINBILERRZMRE THEREMERARE LA T B3 F
., BALVBEIRAEBEEHERESNEREMNELSA N THRGELIR BB TIEREME
MAEFe R 2 AN BB ABRAER., RERBETRILERZAHT AL T 2 IAL . 35 30781 2 M 14 #,
W3R RS T B EARARBE A RACK 8 ik B RAE X L TRIEAE R M EM B Ao B4R 2 AN B
W E e ERFRAALENIEHN, A . AZARDBEALLEEMNTEIERAPHEN. £S5 T
% N A AAE R TN fo T F A 8 JUAT AR A X, 7T AR YE B @ 5% A B F R 4T A& @ JUAT
ABOAE, HG. BT 55 ARAERN ke AT RIE T BTIR 7k eh S B, R AW EA
A B TUAT SRR T ik A ik R AR XL B AL A R SO 1,001 ~1. 020 B, AT 4R 5 ik 3% 4ROk
Sk b, HLAR 45 3R 1R AR B L AL Am 2 ML AR 3 R A9 AR B4R AL T £

KEIF  BARARE A BAL AR BB AR B B SR R

hES%ES.TU31S XHE AR ERD A XEHS:1673-2049(2020)05-0161-09

Improved Method for Optimal Design of Overall Bearing Capacity
Optimization of Frame Structures

LIU Jiadaren'?, YANG Lyu-feng', ZHANG Wei', FENG Ying-qi’

(1. Key Laboratory of Engineering Disaster Prevention and Structural Safety of Ministry of Education, Guangxi
University, Nanning 530004, Guangxi, China; 2. Department of Civil and Environmental Engineering,
University of Alberta, Edmonton T6G1H9, Alberta, Canada; 3. Guangxi Polytechnic of Construction,

Nanning 530003, Guangxi, China)

Abstract: In order to solve the problems existing in the optimal design of the overall bearing
capacity of frame structures, the adjustment method of geometric parameters of rectangular and I-
shaped sections under the combination of multiple internal forces was studied and established. By
introducing the enhanced iteration coefficient, an improved method for the optimal design of
overall bearing capacity of frame structure was proposed. Firstly, the damage evolution process

of the frame structure under the combined internal force was analyzed by the elastic modulus
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reduction method, and the bearing capacity requirements of the frame structure at both the
component and the overall level were determined. Then, the enhanced iteration coefficient was
put forward and the value was determined, and the section strength was adjusted accordingly.
The accelerated iterative scheme for the optimization design of the overall bearing capacity of the
structure was established, which could ensure the safety requirements of the frame structure at
both the component level and the overall level, and optimized the structural consumables. At the
same time, in order to update the section strength adjustment in the structural calculation model,
the geometric parameters adjustment formulas of rectangular and I-shaped sections under the
combined action of multiple internal forces were established, which could be used to adjust the
geometric parameters of cross-section according to the requirements of section strength
adjustment. Finally, the rationality of the proposed method was verified by comparing with the
full stress optimization criterion method. The results show that using the method of adjusting the
geometric parameters of the member section and the accelerated iterative scheme, the convergence
speed of the proposed method is fast when the enhanced iteration coefficient is 1. 001-1. 020, and
the optimal design scheme of the frame with excellent bearing performance and economic
performance can be obtained.
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Tab.4 Overall Safety Factor and Calculation Time

¥ A A A A A
3.6 36 .. 36 . BE6 @
T 1

(a) P EBETUICEAIm)

IR VRPS Pr/(kNem 1) K¢ FEM /s
EPIA 33. 60 1. 40 14.8
EMRM 34. 86 1. 45 11.5
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Fig.7 Space Frame
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Tab.5 Initial Scheme of [ -shaped Space Frame
MR | 2R | W45 | d/mm | b/mm |z, /mm| t;/mm
@ *E 1~38 360 136 | 10.0 | 15.8
@ PR 39~66 | 320 130 9.5 | 15.0
©) T 67~85 280 124 | 10.5 | 13.7

6,10~11,14~16,18~20,25,29~30,33~35,37~
38,40, 45 ~ 46,49 ~ 50, 52, 54, 59 ~ 60, 63 ~ 64
Al 66

T4 L (16) , N] 3743 B %5 M 22 42 R L
TR AR 4 280 IR 6 s . T LA i B A 1R
R BOMRE R 2 4 R A A H AR {E K, = 1. 00 A1
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Tab. 6 Bar Specifications of Each Design Scheme

R WA B G R R 8 1% B RR B IR T 7 g o 0 15
d/mm | b;/mm | t,/mm | t/mm | d/mm | b/mm | t,/mm | t;/mm | d/mm | by/mm | t,/mm | ;/mm
1,20 360 136 10.0 15.8 360 136 10.0 15.8 320 130 9.5 15.0
2,8,9,12,13,21,27,28,31,32 360 136 10.0 15.8 360 136 10.0 15.8 450 150 11.5 18.0
3,22 360 136 10.0 15.8 360 136 10.0 15.8 450 154 15.5 18.0
4,23 360 136 10.0 15.8 360 136 10.0 15.8 360 138 12.0 15.8
5,16,18,19,24,35,37,38 360 136 10. 0 15.8 360 136 10.0 15.8 360 136 10.0 15.8
6,25 360 136 10.0 15.8 360 136 10.0 15.8 240 118 10.0 13.0
7,26 360 136 10.0 15.8 360 136 10.0 15.8 400 146 14.5 16.5
10,29 360 136 10.0 15.8 360 136 10.0 15.8 360 140 10.0 15.8
11,30 360 136 10.0 15.8 360 136 10.0 15.8 300 128 11.0 14. 4
14,33 360 136 10.0 15.8 360 136 10.0 15.8 270 122 8.5 13.7
15,34 360 136 10.0 15.8 360 136 10.0 15.8 400 142 10. 5 16.5
17,36 360 136 10.0 15.8 320 132 11.5 15.0 220 110 7.5 12.3
39~41,45,50,53~55,59,64 320 130 9.5 15.0 320 130 9.5 15.0 300 125 9.0 14.4
42,56 320 130 9.5 15.0 320 130 9.5 15.0 300 128 11.0 14.4
43,47.57,61 320 130 9.5 15.0 320 130 9.5 15.0 320 130 9.5 15.0
44,48,58,62 320 130 9.5 15.0 320 130 9.5 15.0 360 136 10.0 15.8
46,60 320 130 9.5 15.0 320 130 9.5 15.0 240 118 10.0 13.0
49,63 320 130 9.5 15.0 320 130 9.5 15.0 270 122 8.5 13.7
51,52.65,66 320 130 9.5 15.0 320 130 9.5 15.0 220 110 7.5 12.3
67~70,72~75,77~80.82~85 280 124 10.5 13.7 180 94 6.5 10.7 120 74 5.0 8.4
71,76,81 280 124 10.5 13.7 180 94 6.5 10. 7 140 80 5.5 9.1
min{Kj } 1.08 1.08 1. 14
K¢ 1.42 1.42 1.33
B RER LI/ % 9.21
a2 WK ARG R R T DU AL S A P T % 4 B R B
F1%) 88 T 9 ) A A FRHO 1,33, ANl e H H AR R Y R, 2 W
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Tab.7 Overall Safety Factor and Calculation Time of

I -shape Space Frame

Oy Pr/(kN+m™1) Ks e
EPIA 35.17 1.47 124 min
EMRM 34.23 1.42 40.0's

AR FH5 5 B 5 SR AT L AT 2 BGRE IR L T SR
BRI AL

(2) 38R R BURE y=1.001~1.020 B, A]
DA 3 4 e 0 Al 3 AR 0 e S0 B O AT 4R AS B Y
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