2014 4 9 A
®35E HSH

Journal of Zhengzhou University ( Engineering Science )

O K AR (% W) Sep. 2014

Vol. 35 No.5

XEHS 1671 -6833(2014)05 - 0059 - 05

ETZBRERXE a8 mE 1z SR XA L

THF, ARK, AR, EEBE
I T AR 2K 2 e 5 MU T R DRSEF 2 oK 1 510006)

W OB RRNARNREMELEILT 5P —&F L6 EMB X, RATE L& S8R E =R
Z—. LHITRAARACH TP —BRAE & AAT A F A H AR, L A D REH I RERIERLE R
WM. EH LT ROR X IR R S B ARF R A AT E, A T RN kT A% T A E X R
RFFRRNARAE T 2R T FRGER G E M EEARTEEFHRAB AR, AETRAKF 25 F
BPREANAREME, AT MATLABH AT &, %60 TRRAALTARS. BIREAN, 5 BFFHHD
RAFBAGRIEY RIEAGHMAE MAVEAAR R, EHRLYREGOTRT R HELHEE
BAKT 23.2% 2K X AW R, BAEALBHRE R T AL EREG XA L8 HFH5 5

G TARG XA R R ; § B AR H A R R RN R

hES%ES: TU3IS +1 XHkFRERD: A

0 3|

B R 45 40 2 H T E P9 AP N Rk R R B
PRACEZE M R, Tz T 45 28 Tl AR H
ST R A R B R A R, XU 2R
FEAE R RS A 4 2 — , X e 2 g5 4 UE A7 B
oAb it wl e 45 44 ) A BE I B, O H el 35 454
(37 Sy

FIRIT , 56 T4 817 2 K242 A% JRGRRE A ARG Ak 13
HHRF R R L. S. Jang 457 i i R L M A TR
JCAT M T RN AR T D A KU es 24 T A AR
BRIKZ J1. D. T. Phan %'°' 32 B 4L B L8 R 1]
KRR LT 7 28, W5 1 1 KR I 4 780 X [X
b 172X W48 5 G 2 5 B 5% o) 2 1 [ 4T SR R
PIE S ANE RS 8O, it T2 SR R R
FZE R I, %8 1) 20 MR 55 F 17 AL T B
A AR R TR B L I L O S SR B T
O A T ) SN AR R R AT A T i e T
AT 2 78 Kb i1 i O 8 . e T R TR A
2k 9P 250 SR P 5 20 1 XU 28 0 1] X T 4 5
PEAT TR AL. R A4 R ] SAP2000 A R
JLATHT &5 R, 35 FH B G v W 25 ( The Optimum Cri-
terion method ,0C 3£ ) 5T T A8 #m [1 =C W 22 A e

il 1

I 75 B #9:2014 - 05 - 10;f&4T H #§:2014 - 07 - 29

doi:10.3969/j. issn. 1671 —6833.2014.05.014

WA BT 7 1 2R, B A 58 2R LA
M 17 A s B 45 280 0 XA 28 S 0 A Bt 9 4y
B TS5 R LA BE T R T8 R A A 2 A WA 24
A, B R 2 250 7 XA 2 A RE PR AIE 78 B H s
Ak 9 W) 1O (L5 S5 B B BIL XL 3 T 06— B, T X
DA AR E 76 At 24 A 1 o R AR 1 i A
DR ik AT e R i A AL 258 1) ] SE A

A LA s A 1) SR O B T X R 2
T X 18 K e A 22 B bR A R ) X 2
AR AR i BE D 0778 o, LA R fe /N AR
P B AR B A UK (5158 25 v 58 5 O 20 R A1
LR AL R R B — 22 R ] OC ik #E AT
PR BT

1 Y TE 9 R KA 3R TR

EHEVTHE— T TR 2 454 .
FIARIZR 58 B A H 5353009 16 m F14 m,
BRI 9 B =9. 4°, 7e I Ak B4, &l 1 T
7 HESR T B 2k AR A 1) T AR A HOA
i AR TAT 2 2 1 B TR, 2R ) = B XA 4T, 7 i %
PR Sy il AT, 5 A s o 78 P 67 2 L AT 1. 4%
1 AT A 9 0 28 BT RO Ik 1 iR, ok
N T AR = b NG TEE o N ARR

EEWHE - HEARPAEE RO E (51222801, 51208126) ;)7 R4 A AR 2 4 5 5 01 H (52011030002800)

2012 4R 7R A i AR RN G| HE R U 4 0 H

BIEES AR (1982 —) B W@ T A MR B A gE 5 W+, 22 A F 4549 K TR B 5%, E-mail : yqhuang

@ gzhu. edu. cn.



60 TR R A R (T AR )

2014 4

t, W)L,

W2 B XA 8RR ok FH AR 2R 5T Tl Ry
(Tokyo Polytechnic University ) ) 25 <, 35 7 5% %
JE K I 5 XS R BT LA 228 AU U4 2100 1
SR DA . AR A 590 3 D ) R e A A e DO XU
KA ST . — 20 4 15 KU 3fe LA Bz 1)
TR AR, PR B A A3 S H B
AWl

E1 MNMXRETEE
Fig.1 The studied portal frame
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Tab.1 Initial dimension of sections m
HOE 5 h b L t,
1 0.40 0.24 0.01 0.008
2 0.85 0.24 0.01 0.008
3 0.82 0.22 0.01 0. 006
4 0.55 0.22 0.01 0. 006
5 0.80 0.22 0.01 0. 006
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Fig.2 Comparison of the static displacements under the

equivalent loads and the random peak displacements
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Tab.2 Initial web height and its limits m

#m 1 kw2 w3 w4 #km S

wUEE  0.38 0.83 0.80 0.53 0.78
TR  0.10 0.30 0.30 0.20 0.32
FRR{E  0.80 1.50 1.50 1.10 1.40
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Fig.3 Variation of total weight with iteration
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Fig.4 Variation of design variables with iteration
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Tab.3 Total weights and design variables in iterations

LA #TA 1/m I 2/m T 3/m AU 4/m #H 5/m B/t
O(HI{E) 0.380 0 0.830 0 0.800 0 0.5300 0.780 0 1.6125
1 0.100 0 0.435 8 0.4419 0.247 6 0.3200 1.238 7
2 0.100 0 0.416 6 0.456 6 0.252 2 0.320 0 1.238 4
3 0.100 0 0.425 3 0.448 8 0.248 2 0.3200 1.237 2
4 0.100 0 0.427 8 0.450 5 0.248 0 0.320 0 1.237 9
5 0.100 0 0.428 3 0.450 8 0.248 0 0.320 0 1.2380
6 0.100 0 0.428 4 0.450 9 0.248 0 0.3200 1.238 0
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Fig.5 The portal frame after optimization
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Wind Effect Optimization of Portal Frames with Varying Sections
Based on ESWLs for Multi-targets

WANG Yan-ping, HUANG You-qin, WU Jiu-rong, TANG Yan-teng

(Engineering Technology Research and Development Center for Structural Safety and Health Monitoring in Guangdong Province,

Guangzhou University, Guangzhou 510006, China)

Abstract; The light-weight portal frames are commonly used in single floor industrial buildings, and wind load

is one of the most important design loads. However, previous studies on structural wind effect optimization only

considered the equivalent static wind loads (ESWLs) for a single-target, which might cause inaccurate results

under multiple constraints. In this paper, the ESWLs for multi-targets are constructed based on the database of

wind tunnel tests, and the Optimum Criterion (OC) method is adopted to optimize the wind effect of a portal

frame with varying sections. The height of web plates of the joist steel are selected as the design variables, the

minimum weight of steel is the objective under the constraints of horizontal displacement at the column top and

the vertical deflection in the mid-span. The code is written on the platform of MATLAB. Studies show that

constrained displacements under ESWLs for multi-targets are consistent with the peak random displacements.

The optimization makes the total weight decrease by 23.2% , generating obvious economic benefits. Moreover,

the optimized sectional dimensions conform to the mechanical characteristics of portal frames.

Key words: portal frames with varying sections; wind effect optimization; ESWLs for multi-targets; OC



