Optimization of Frame Structures with Natural Frequency Constraints
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ABSTRACT: We present the mininum weight optimum design of cross sectional for frame structures subject to natural frequency. The optimum
design in this paper employ discrete and continuous design variables and Genetic Algorithms. In this paper, Genetic Algorithms is used in
optimization process, and be used the method of Elitism and penalty parameters in order to improved fitness in the reproduction process. For 1-Bay
2-Story frame structure ,in examples, continuous and discrete design variables are used, and Wrsection (No.1~No.64), from AISC, discrete data are
used in discrete optimization. In this case, Exhaustive search are used for finding global optimum. Continuous variables are used for 1-Bay 7-Story
frame structure. Two typical frame structure optimization examples are employed to demonstrate the availability of Genetic Algorithms for solving
minimum weight optimum of frame structures with fundamental and multi frequency.
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o] AHEEA, B3] BAsES W Y= FEEe] AREA 0
Vg FasA wEsolol & ¥R TEE) nHAEFol
ol FHFF) I At TEB] LHAFT AT
A% 7R A2E 9L ARE FU AL Yos)] v
wolt), TEEAHAA A BATEAE ] a0 we}
ol ofjh A9k ol ihsl o AAR Ym 5 ok IRy
o2 FExEHAshe ASUSFE ARSte] sk gl
A SHoluy Algrde] RS AeR sk oiARE
ARERE oA A AAIZE A Al A8 5 k= oAl 3
o] ARl SelA frefsitt sPlvh 22 (Frame) 3 E
ETEEANA FA9] Sy MeAlfRdE 1T 2=
HAA= o2 A7 s ATEAH e dATd
(2003), Jenkins(1992), Manickarajah et al.(2000), Nanakorn and
Meesomklin(2001), Rajeev and Krishnamoorthy(1992), Saka
(2008). 18]a1 FHAFZAE 1He =YY P EYATRE
o & dA o gt Aol ol FF} 18HE(2006), ©1dF

<

FTHEQ04), ZAE 5007, FEY F(002), Khan and
Willmert(1981), McGee and Phan(1991), Pantelides and Tzan
(1997), Sedaghati et al.2002) & B2 StAlE 23] A=A
o} o)l 7E2006) AFFRAA LHHFSTE Hulvk
A 4e) FAE Has ot B4AAHE AFAAT. o4
S0} FHEQUE wih7ze) BHAES FH49 B4

& AN AN uETRY MANFSE A Fol 24

o
zy
o
il
i
o,
et
4
¥
Ir
f
o
>
>
— ot
™
oft
1>

AFAEF wE TN o .

(2002)& AXsl5-2 Wb dwd] ] FEgHdd gk
EHHARAANHS AT, xeadAds o] 8%
EHHHAAE A AA7IEHS AHESHATh Khan and
Willmert(1981)= R} g

|2 F+32E¢l Optimality criterion W
oz dAHHEA e, HAFEA A 1{FdESF Al
FxAE AT McGee and Phan(1991)2 Optimality
criterion ®H I} o Ao AT AkrAS HEste] =
A dT2EY] dAFHHE A TE Pantelides and Tzan
(1997) Modified iterated simulated annealing(MISA) 43S
ARESte] Q=] HAHHEAE AT eH, A
Al FAE A2 ke Sinusoidale] J1FA XIS HE
3}tk Sedaghati et al.(2002)2 E&]29} P25 sht

WAAA - AAEE TG 1EE 45, 055-640-3154, bikim@gnu.ac.kr



ofg

110 x4

=

(

e A8 Jle] AFREFAGERAE A8l FEREY FF
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(n cross-sectional constraints)
1714,

P Al/ LZ/ 11:'15(“ ‘I‘ZHOﬂ EH?J_' ks — =
wy; AR THAFS R Fol2 Y nHAES

4, A,, RS DRSE

_l

TZE] HAHA Al 1-Bay 2-Story Z#|d] 4
W) o2 A Rl o3t HA S AMESlA
AL 8IeH, 1-Bay 7-Story T A4 ALwF
o3t A9 dlsiMt dHH 44 STk

o] .

o] dth

HAREAE sl dshes HAsprol, HZ o] AHE= ¥
Fe A= A FAAel ek FAA GaeE
oM o]FRE(Binary code)E AHE3tY HAHAE o
A O HAARGTE ARt AAlSh olqtE A st vl BE
Zlo]thHolland, 1975; Goldberg, 1989). F34} ¢zl o
HEEQl HA 5 TR g ] A5, vEvks A, o
] ConvexityE &7-81A] 9L @A Foi3 A efxzio] 5y
= o h(Value)tt &7HER oSS AR HA
gAY sjAol= ul¢ Aeket AAM el & 4 Qo e
T darElEe dubAQl A W AE 27] AA%
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3.4 £91210|(Mutation)
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4. A0l

A 247 AANA 1-Bay 2-Story Z# <
735 Q&AM T o Ao} oiARE AMEEE o]4kH A
AAE Mmoo, oxH A A o ALEE o4kt E AISC
9] 2917)9] W-section FollA] AAld 7P Wo] AM-H I e
6471¢] W-sections AR&38HATE 1-Bay 7-Story Z#|e] 79
AEWFTS ARgste] dHHAALA stk AHEE AR
o] &AASF E=210x10"%kg/m’(30°Ksi), HAe "= p=
7757kg/m’(0.281b/in’) ©] §h& AH8-EHATE.

4.1 1-Bay 2-Story =z
1-Bay 2-Story Z#HUTFZ2E] 74-F ARGl o5 dA <}
ol el ofgk AAIE ol AAISHAATE ©] 2casedl AHE-E
A DL ol Fig. 13 2tk
A A, 1-Bay 2-Story Z LYFZEA TALA ] AL&HG
& ARt HAAA stom, FAE v sdEE 679
AANGE ARSI ZE FAjol A whie] F4gke 51.088cm’
(7.9187in*) & 3tom, The] Hhzke 569.550m’(88.28in’) L.
2 3tk 283 478¢] A (Node 1, 2, 3, 4)°ll 178.74kg/m
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Fig. 1 Configuration of 1-Bay 2-Story frame
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EE o 4 @), G)°l FoIxl gk AHES| ‘E\OU% THA G2
A% I/HFES @ =785rad/s?] H$S}, @ =785rad/s,
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o] A7|e} AFFAGEAS G HHLAE Ak ] A
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7399 @ =50Hz, @ >18.0HzE o] AASAT. 18)a
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o, @=785rad/s, a» =1800rad/se] A$E 323%9 L&

é“’]’e 1:%)\E]' Table ZETFA —L—'IT%_%:I: Xﬂg}:ézj w =5.0Hz

S

9] 79E McGee and PhanXt} 393% & Ayto|, o=
50Hz, a» >18.0Hz2] 7%+ oF 1.65%9 U2 AAZAE o
Atk Table 17} 2] AHRZHH & AFoA A€ 34 &
aEjFel ofsf dAE ATt 71Ee] ATl Hls) e A
A%t 95 & 5 ARk
[=4.6248A°, 0 <A <44 @
[=256A"-2300, 4< A < 88.2813 ©)

Table 1 Optimum design (cm’) of 1-Bay 2-Story frame in
different constraints condition

o =785 o =785, ap =180
Element - -
no. Seectlagll'ltl Present Seectlafrtl Present
1 51.088 211.42 206.29 197.55
2 215.55 51.088 62.746 64.32
3 365.98 51.088 138.767 69.03
4 51.088 314.45 297.876 316.97
5 51.088 51.088 51.088 56.12
6 253.80 265.29 256.36 260.26
Weight (kg) 4272.32 4157.77 4365.56 4228.84

Table 2 Optimum design (cm’) of 1-Bay 2-Story frame in
different constraints condition

a=5.0 o =50, @»p =180
Element

no. anl\gcgeh:n Present anl\gcgehzn Present

1 39.61 45.58 38.12 429
2 39.61 46.12 38.12 40.77
3 83.60 75.03 124.12 131.81
4 83.60 72.35 124.12 116.26
5 35.25 28.45 3747 31.68
6 70.24 74.50 19.35 19.35
Weight (kg) 1527.23 1468.84 1462.24 1438.51
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Table 3. 64 W-section data for 1-Bay 2-Story frame
W-section name

W36X300 W27X84 W18X97 W14X90
W36X260 W24X335 W18X76 W14X22
W36X230 W24X250 W18X65 W12X190
W36X210 W24X176 WI18X55 W12X136
W36X194 W24X162 W18X40 W12X9%
W36X150 W24X146 W18X35 WI12X65
W36X135 W24X131 W16X31 W12X19
W33X130 W24X117 W16X26 W12X16
W33X118 W24X103 W14X426 W12X14
W30X191 W24X76 W14X370 WI10X112
W30X173 W24X68 W14X311 W10X88
W30X148 W24X62 W14X257 W10X68
W30X116 W24X55 W14X211 W10X49
W30X108 W21X50 W14X159 W10X12
W30X99 W21X44 W14X132 WB8X67
W27X94 W18X119 W14X109 WB8X58
' W10X12 ,
W33X118 W33X118
W33X118

3 4
W27X84 We7X84

5 =)

7777 77T

Fig. 2 Final design of 1-Bay 2-Story frame

E4, 1-Bay 2-Story ZFAF2ENA TR o4AE
E AHgEte] oA S SIAT) oliARE 2% FdE =
64712] W-sections AME-3}992™ Table 3% ZT} 1-Bay
2-Story el AREE AAMTE 0] IFoE EF6H
o, ylo] AAMSTE 15 7%, 23 7%, 15 &, 25 H ©]
tf A SRR AFET e =785rad/sS AHESIITE
2 Ao A AMSE 3R GaelFol 9t o iHdA A= 1
= gde 747 248lem’, 3471em’. 157} 2%
dEAe 22 353em’, 347lem*E UM, FEE]
s AlE 9021.15kgolt. ©] 9= Mt B (Exhaustive
search)& &3 337+ #%27|(Global optimum, 9021.15kg)E
Zhgton, oA A AA ATt XS, o|4tE A A 2
gt W-section ¥ X| = Fig. 29} ZTh.

4.2 1-Bay 7-Story Z2{|

1-Bay 7-Story>Z#l|919] A2 Fig. 37 Zow, A= F
AE 14719 25O 2 EF3l 119 ASHARMTE AHE-3)
RO H(Table 4), o]AbHSol 3t o] A A= A =stA] &
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Fig. 3 Configuration of 1-Bay 7-Story frame

Table 4 Optimum design of 1-Bay 7-Story frame

Element Design Khan and McGee Present
No. variable no.  Willmert  and Phan
1 1 51.1 51.1 51.1
2 1 51.1 51.1 51.1
3 2 51.1 51.1 51.1
4 2 51.1 51.1 51.1
5 3 52.65 51.1 51.1
6 3 52.65 51.1 51.1
7 4 61.28 56.5 51.1
8 4 61.28 56.5 51.1
9 5 67.53 62.44 58.13
10 5 67.53 62.44 58.13
11 6 72.24 66.44 5213
12 6 72.24 66.44 5213
13 7 111.07 164.6 137.81
14 7 111.07 164.6 137.81
15 8 51.1 51.1 51.1
16 9 51.1 51.1 51.1
17 10 69.72 67.53 57.61
18 11 83.59 84.37 62.19
19 12 95.52 93.91 89.87
20 13 101.27 101.85 56.13
21 14 96.75 51.1 51.1
Weight(kg) 7657.55 7501.06 6423.26
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