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Optimum Allocation of Pipe-Support by Genetic Algorithm

(2nd Report, In Case of Seismic Excitation)

Bo Suk Yang, Sang Bum Jeon, Young Hun Yu, Jin Wook Kim

ABSTRACT

This paper deals with the optimization of pipe-support allocation using the genetic
algorithm, and shows the feasibility of the optimization method to actual design problems and

also the convergence characteristics of optimization calculation with respect to the various
seismic waves. The piping system was modeled as mass-spring system with 5 degrees of

freedom and the support was as spring—damper.

The support allocation problem was

formulated to minimize the response of the piping system to seismic excitation.

LAME

ZtE ZRE T AXHE WRE T4 FERE
Ao AA=T o, wi@e] 49 55 A3A7]
71 9 DAAFA Fxu wj#@e] AL BRI
%2 spring-hanger 59 7ol ¥ AXY
(support)E& AAZHArIE MAsla et ol %
WAl AR Fol L3 Afoe uwEAe
&2 5T 5ol A U $dol FEH
A G2 SV WBAY T4

Aste] o® AAWo] ERsHE 1 AL KA
zd 93 F4ale dhge]l wElE 4 U 28
Tt w2 waEde % S9H WUy
< goyu, WY fAe] 48P 5E5E WAY
# 9omz BHQ Ao wal WY FLE
Bs WHHEE ALY S F7stedort gtV

* BRAW 71AFEH
s BAU S W U)ghLl
FZIAGTR LAFTAANG

Lauats T A Ao) A F wAsla i, #
del A 3H3)e] am e o] WAlsle t
ol AAe <tAAY 7} obdE ReojFm Uk w
A BFF YREA G dF F8AF] €S FxH
1, o]F AZHoezr nHIHFA gow ¢ A
Ztgoh, AMo] wol wAsm e YR o
A=A AARE A XA o3 T2 ¥
2 gt 239 vt Az gz A%?

el B AT dFEAHA AA xFd o
EHE o]g3ty uj@Ale 7|Z2AATHE HA=
3 wlAA AX o] AXHuEA FHRLE
=9 (Genetic Algorithm, GA)E H&33, GA9
HAADN5E 2 EA dial 2ASIY wj@AA
o] GAY ¢47s4e AER.

2. HHE WD SE AL

2.1 HiEtAe| D

@A o] mdlle Fig. 13 2ol Ashid %59
12h9 wd g westa, HFE s 3] A3
o3 ol 7Hg P
O MaAe] AFL A5AFo= 23y,

- 128 -



@ 2 AFAFAlY) BAE AFo] A7, BT
2 e Axgow musgg.

@ 2 AFAFe SAYFo s WALTY F}.

@ 2 AFAFS Aols] RAe) AnYPre
%27t mE 2o

o4l 7t o FAHE= AYS 59 wiH
2d-& Fig. 19 Jebdth Fig. 13} 2L wl@A )
Fig. 29 ol Ztz} ZAAS: k9 A S
¢; (i = 1 ~ 5)E 7kA+= AA(support) S A
g}, ojuf FduA R FHEAe A AHstA
N 4 2de] ddirtEE g9 msHe H42
A=’ 3le HASMEAE A5

Fig. 1 Mass-spring model of piping system

22 SEWHA S5

WaAe) AY-szdudel AP 1)
AAWS7E deED, 2 Ahe eEPHAe o
&3t o) Foh

Mz; + K(z;, — %) = 0 (i =1~ 5)

(1

A7IM Me AHel A¥, Kt $A9 2zay
&z AW 9 ARulelth 4 (Do 7t 2
Ao AN x = 7 - 2,8 =USHL, 2BY
B¢ WEsel 982 B

Mx + Kx = —Mx 1 2

2 Ed 971 T = 9998, x5 d2A09
o] 7hExolth #Ao) o) g§ YRAAARE w@F
ZIMEE Wol XY WEAQY ARz El
Centro NS#, Taft NS®-E2 g1 ZF/|1H4RE
ol ¥ A AP IZ A Akita NS=E 2}z} o)l g
3} ot

MBAL) 2t Aol Fig. 201 Uehhs A0

$;8 TP AANE 2TYYLE o) Axny
3 FAASE ;o BFHNZ FAHY Ak o] A
Atg Bashe Rl osl, 2 WYL I Ay
Azt AL xo) vl Wy Fig v
o Fie 4 (@)sh ge] BAHY,

7.
Fig. 2 Support model

F,- = k,x,- + c,»x} 3

o] F/& WMERAIE L, 4] (o] hstaA ==
F T @AY FEYAAL e A3} o)
€},

Mx + Kx = —Mx)I — F 4

23 Hi2te| SEAHA

Wil L f=0~20%(Akita NSme] #$
E OX)7AAS 4t = 001 secd] AlPzRoz
o] AMNHS N=2000 £ N= 000(Akita
NSsHe 2 x, & FYAEHL o8N 7z
ANNEESH 2, § G HdM 2@

2i(t) = x:(8) + %(8) (5)

2 AdAA AA i) ARAEELH Z;9) ms
& ex= A O Zol Ads, 1 F e T
gk

t

Y
e=| y 27 ®)

-129-



e= 21&- (7
oA71A ne AH S(=5)°]th

Table 1 GA parameters

271 EAGFWN) 2070
Ze iy gl Mk
APy 19
w5 60%
Eddol&E A5
e /smﬁf\/

Birth of Inil,ia;l Eéﬁp\)ﬁlg&jgnj
Calculation of; Pltnoss
 Selection-
Reproduction

Crossover

Mutation
T T— No
('\(";E}l > Ma?(/(/}(}p,>>*~*" -
H L Yes
\ End

Fig. 3 Flow chart of GA

3. GAO|| oft x|X3}

GAE AE#3le) 4219l AAdxel(natural selection)
9} fHKgenetics)ol S A& FAEFH gayol]
AR e HgooA GAE i 383F FollA
T 0 gAeE-g X oy, ook H3
SHEA 9L st E Aol A o] uhgel 9Ao] Y
HAck £33 GA= HAE L AFE v o
o, b g 317 i T4 HH s wA v}
Ao &g ®

GAE 4% 828 713 AAZ &30 o 2

gt o & MAEHES /KA1 o g M
(selection)dll 713l 7 ARELS AT A
Aol B3 W (reproduction), TXNcrossover), S
WHol(mutation)] P& = KAt} Y-S
A= HAHstdyoltt B Ao ALS-dH GAS =
Exs GA%SIE S Zzb Fig. 37 Table 19l
detdth. GAFEtEE ARYaA S A
Astol wat 2RAH e ol oldel GAd
o3 HAsAAE Ve

D 71€9] GAZ} fHARZA o504 DE o8
o] GAAE AR oH, & =EAAME Fig
48t 2ol AFE o83 3o FAAES %I
gk 2 =& A8 PP o 2ok

5 2 1 3 4

Support

. Ist 2nd 3rd 4th 5th
points

Fig. 4 Genotype

HBAAE AP o2 wdHoiA, 99 A A
o|7} 571 =i, 1 A 58 X Aoir}, 2W A
FHoll 2¢ AAU7F WA HY Q= A$¢E Zds)
i

2) 9} e Wgog 274 AAHH ALNE ¢
o2 JRAE wrEolA %71 S(initial population)
& grEold. a8ln Zbzke) AAE HESEE
o] g-3le] HLX(fitness)S AAFT. gu ol

AAES AgEEoz 48 Fu, FALF
20%9) &3k AAFAN dd2 el FjT

MAE ddste A5k vl A=e ALE-gd

3) 2xE ¥ FAAA Aded NS dEiAM
sy 209 AAS Ao waE o) wal
A dRESE wEEd QARE 209 AAE vE
it B dydiye d9= MAY 82 Fol
A x5 F3sl= 13 2 2Hone—point crossover)
Z o] §-3lgd

4) RAHAANA wArt olFold ¥ thA] B9
ol A& AXh GAANA Edwels A ok
A& Eola, A7t TAHH WA Y= 3
Fag HAolth @At FHAFL AY AAe
Aol FE] uwebA #H3lEe 2 dpeie |1
~69] 6719 AdH £AF olE3le] AN S 7
€ & e £A7F A A o] SRl diFA

th



WP FHA7E 5707 EA31A =ed B8l
o o] dPFHAA TN Yoz Meldief n}
e WP g AL GAYA EQMolE 274
thSojz Hehe] ke Folr] 9% oz A
3lo] Z7lole Holwdt AeS wF A9, A3l
TR e FHEEE viEuE 52 Qo o
ZA o7l AME Atz Adge ueld Sdw
ol EE ALY E olg3to A syt

AFE olf3A GAAE PHE uds o)AF
E ol8% uryg oS A HE xdY +
Aok AR AA2 A5 AL Hd dAEs
Ax7E dAUA ooy EdAWolsgor iy
FrAAZ dASE WEE A £ Qith
5 99 2728 58AM UA (A ASFNEY A
Ag EAAYIT tA] 2) ~ 42 AAS HHEF
1=

weld B HHui)RAe 4 (79 eghe HAv)
g9 2% (fitness)E 3ted, o] Zo]l HA =R H
TE AAWE WA= Zoln,

4. AlntE ot

B d7dMe 247 5709 Ae-9 AAHAA
WA EAe] A ANE A Alatel
olA Zt 218 o|3tet ol A3yt

BAle) 2xYgs

K = 20,000 N/m

Al A% M= 3.9 ke
SRR = 5%
ARt} FF = 6%%

Table 2 Support characteristics

Support |Spring constant|Damping coefficient
point (N/m) (N-s/m)
S 0 0
S 10, 000 260.52
S3 20, 000 285.39
$4 30, 000 308.26
S5 50, 000 349.53
Sg 100, 000 435.94
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Fig. 5 Time history responses (E! Centro NS)
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Table 3 Best 4 of support allocation

Allocation rms value
Rank 2
ABCDE (m/s)
1 66666 3.48874
2 66466 3.69871
3 66266 3.70150
66626 :
4 3.70519
62666
11114
Max. 30. 65117
41111

Table 4 Comparison with initial and
optimum conditions

Displacement(cm)
Support
point Without Optimum
support allocation
1 1.4915 0.0275
2 2.5627 0.0336
3 2.9626 0.0347
4 2.5627 0.0336
5 1.4915 0.0275
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won, W v gddFasrt & Taftd (27
~35 Hz, 54~64 Hz, 8~ 9 HZ)—4 "?—“‘C— fE A
NP7t =2 A gn eSS 4 5 U

Table 5 Comparison of optimum allocation

Allocatlon Minimum
Input wave - fitness
ABCDE 2

7 _ (n/s”)

El Centro NS 66666 3.4887
Taft NS 22322 3.4452
Akita NS 66666 2.8323
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