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A study about wave transmission border making by optimization
Shinobu Furuya

Research background

A structure vibrates in response to the influence of the soil. This influence is called "Dynamic
Soil-Structure Interaction". When we conduct earthquake response analysis, we need to consider this
influence. The method for "Dynamic Interaction" is divided into two main branches.

One method is how to consider and separate the whole system into some part. In one version of this,
there is "SR model".

Another method is how to consider structure and soil as a unit. It often uses the finite element
method (FEM). In recent years, the nonlinear action of soils has been studied actively. In order to deal
with the nonlinear problem, the finite element method is effective. However, it is the numerical
analyzing method for finite region. When applying to the wave motion propagation problem of infinity
or semi-infinite elastic body, the device for wave motion dissipated outside form inside non-reflecting
in boundary region is required.

Until now, many proposals are made about boundary processing. In time history analysis, the
technique of preparing viscous boundary is common. If we propose the wave transmitting boundary in
a narrow area, that gives the profit to a lot of analysis. Many researchers are proposing the boundary

model by control method and the optimization method of the vibration until now. But those are not

i

complete.
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The method of research
For generation of wave transmitting boundary, discrete models are installed at the boundary. In this
research, | go for optimization the coefficient of this discrete model. For the method for it, I employ the
genetic algorism and sensitive analysis. For consideration the validity of its optimal method, 1 used

one-dimensional rod stock model, two-dimension rod stock model, two-dimension ground model.

Analysis object Discrete model
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Analysis object Discrete model
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Analysis object  Discrete model

The genetic algorism is good for searching optimized solution in large range. The sensitive analysis is

i
Incident —

N

Fig3 Virtual phase model

good for searching local solution. For this reason, to combine the genetic algorism and sensitive
analysis is very effective. And this combined method is called “genetic local method”.

In this research, I go for optimization the coefficient of this discrete model with “genetic local method”.
Again, | perform various inspections to demand the objective function with a technological meaning of

non-reflection. Below, I show the objective function of all dynamics energy minimization.

[M ]: lumped mass matrix , [K ]: stiffness matrix , {x}: displacement vector
1. a1
0= [{ 3 6 B+ Y
0
Subject to y €S
I show a part of the discrete model (Lysmer’s model) that I employed as an example to check an effect

of the objective function.
v ¢ dumping k" : stiffness
W& { ]{}[" "H}

-c c Uy -k k uy

Fig.4 dimensional (Lysmer’s model)
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Conclusion and Consideration
1 dimensional multi-degree-of-freedom systems Analytical object (1 Dim)

Length : TL =100m
Wave velocity : V, =120m/s
Density : p=1500kg/m>

Section area : A=1m?

Fig.5 model (1 dim)

Poisson ratio : =049

B 2 dimensional multi-degree-of-freedom systems Analytical object (2 Dim)

' ot ety al e s Length i TX =100m TY =20m
]j Wave velocity @ V, =120m/s
___________ Density : p=1500kg/m?
1 L { Thickness : A=1lm
Fig.6 model (2 dim)

Poisson ratio : ©=049

B Analysis result

first gonoration

first genoration
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0.00E+00 N T B PO
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Fig.7 one dimension model Fig.8 two dimension model

The result has a technological meaning of non-reflection in the objective function of all dynamic energy

minimization. Therefore, the energy objective function of dynamic energy is effective for one dimension

rod stock model of two rod stock model.
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1.1 AR OE R

FOH, HEEWMEZARERO LXEEShTOEb0L AR L, SN0 MBS EmT CTRRE 47
bhTuwi, Lil, ERICITHESHZEEDTIE 2 HBOEE Z0H0ONEEMOFEEIZL W ERT
3. HEEMIC AN LI BRBh= 3L ¥—I, TO—BRERSDIEL, &) OBANBEBER L LT LE
WS EES N CEORDEIISRIT. —F, RHT BHEMILE R RIR & 4o T BN %
BT 5. MEmE Y, ZOREEAEZSHERDEL, R THERDOEELRENOBEIZL-
TEBZRTTHOTHSD. DL VEMIIHBROPBL R CRBITI0THS. i, BB IS
< OHEMAEIEL, BHETIMEMAEY S L CHET I L bbs. TOBRIIBNTEDES R
HHAHE, TOBRL LTHEMIZV PR EAMMERL, VAR EOZILF—EBShikh, =
noH—EOBRSEA, Hk LEY & oBIRHEEER (Dynamic Soil-Structure Interaction) & R TV 5.
TRHOBAE, MERICEY HEEMOEIEE ST S ETRL 2 LOTERVERTSHS.

Z OBRREEA L EE LIRSS 2T 5 FEICIAE < AT TIo0FERD S, —oidi
LEME—EOR L LTS I CE LS 1o 1 — B L TR T\ 5. © ORICH LIE LIZH
FREERMEAHIR S, HHRHEHEE CHE OIERAE A A S ITFATICIR Y AD B L\ ) BFind 5. K
W, MRS R P HIROBERCH SR < TR DRV, EREERT S LERELS, kit
BITIIEMALNE LWV OIRELH B,

b5 —DOFEE, FTA TS Fr—iEETEMAMELIHING bOT, BBR, HENREOL
EREEZVL ODOBEIC B LHETIHETHS. ZORKMNRHIE LT SR EFANRETOND
2, fBxDRT v AE U BREASEACE, MEEADREEROICHRCE 3KME, ISR
iR, FEERIE~ O A EEET 72 5 TR A B B
AE, MEOHFEDERVBEMELRY LIF T\ 5, ERIZENB M EEF AT BI0H, ERECH
BRRHET, BBTIEROERALENS. EFAORELL VS ATVE, HEIRICEAS LA
IR - RERTREABET 5 L S REFAVEBTShTELT, TOERUTL D HAMBAATITIIR X
AR b T LEXDND. —H CHERAN &1\ 5 MICBVTH, HUVEVRT—F 285 OTIA
<, EF MBS — 7 RV, LD EHRIGESH R B ORI R R, AR CHICRRIC S
FBRABBEF VORI, 2K - 3KRT~ONRES BIEX ORI Z B L, W%
BT DEROERORADY 215 LD ORR LRI 2T > TS,



1.2 Ao H

SEAE, HUMR O IERIE R B EB ANERICHIZEE SN T 5. FIERIERIEIZH 5 56, ARERENT DN
SFRBFETHE Z LX< Mmbh TS, LaLiaesb, ARERKY, AL Bt 5 8R
RADIRATIE Cdh D128, HERRIZIEN DML ET M5 Z LIXTET, EYRABICRBOER &R T
HUHERDD. ORBERICIHNT, HAERIZER L QW5 2RE KRBT D Z &L & RICEE R
BLIFATWS, ZOBEROEEL LT, BRCY v 2Ry MRS DMEERPIRROTH S, Hitk
BRI, ERYEEIEL, TOABEICRE L CERRICEROBEMZ 2720, 2FFRE LTOAR
ENEDLLRWEVIFIENDHE bOD, HEE OB TR T ORI L A RET HLEND
5L, SEBRCABBENE TN L VI RARH D, Lo CHBAREN ChBE 2522 RINTE S
BRET N ERRETENIIHGE L BV OMITHRICARE b b5 Figl.l B},

Structures W Analytic region
GL GL

Inciden Reflected

Fig1.1 Analytic region

AWFFETIX, BEREICHF SNEHERETNONRT AF —Of#bE BIEL T\ 5. RELFIEL LT,
RETEREE, BEHNT AT XAERY B, ThEhORFIZMAGDEINA T Y v bFE, BB
RAHEFRIEC & B RE L ORFEE 1 RITET LTIV, RELHERR CTHD bO%, 2 KILET ML
R U CTHREEZAT D .



1.3 AFhCORERR

ARL, B1E - FRLEDLOENLMRIN TS, $2 EUROEE L TFIFT.

%2 E T, BHERIE, ABRERKICOVTERNS. £7, FEFESTL, ARERE, S UHES
KOVWTRT. $3E T, ABECTAVETRTHIBIENT A TY X5, BERT, BEORFER
BIZOWT OERIBBA LTS, MAETE, 1RTHEN, 2KRTEHORLEEFRERERAT 5
k%, K, BERERET L, BELFENCSANICRIELITVFEOTMELRRTS. $
SHTIE, BRULFHROFOT T2 RTMET 7/ HIR LRIERAT 5. % 6 ECHARMEORIE,
s,
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2.1 fRpTAEEE
2.1.1 Wt
FEM B35 X 5 €7 VERL
¥
> BEREECE 7L OWRE O HEO—EE 1 KITET /UL
v ©® ETNEAREREIHEDERIL
; iz —
g ® WIRHT LAY X5, EEAITIC & 5 ERRR T
AR 7 L Y X A EL RIRIERATV, BERBERCE 7V, FHMEBISIZ W
v Rl
Mﬁfﬁ%m @ SRR L, TR b o R L
I 20 P i AT THMICER R 2 BT 282 e SRR BN e T
¥ I, R A FREst
%’*f”““’fmmﬁ’ — ® BREUEERR U ER A i 2 KT
R R TN EO~QDNE THEMT L b & it

END

Fig2.1 A study process

2.12 fRATETF L

ARFFEIIIERRIZ IR N DA €7 /UL L, BRI CERBIAKE LW Z ExEME LTS, £O LT
TN, FHEBIE A MEICHRITL, HEBREIL WD, 46, €T /MIKEL DT HE1RLETVE 2
RIEETND 220 FAVTWAD., 1 RETIRECEMET VEBMA L, SERMEEL SRR . 2K
TCIBHMET NV EIBRET VR L, B CIXEES L B B, JRE T /LTI 20X20 5%, 40X
40 4381, 60%x60 /3% A\ 7.

Analysis object Discrete model
e
—
]
E
— %
Analysis object Discrete model
/ \\“* Reflected
Incident — e Analysis object  Discrete model

Fig2.2 Virtual phase model
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F2E HEBE

2.2 ARERE

221 EHHEX
BROAR AR B C I O XS R A O A0S D BV, SEREHIEREIC I 5 HM08E
A R OB SE RAT A S T 5. B OB NERIERT 3150080 AV HER

ot Xi=pi;  (=123;/=123) (aQ) @.1)
LEQ D L RTEB(o BAMEENOS S, X RIS, o BB, p i WEREE. i IS 2
Wk R, WRE 1L FEICREAT DT LRRT. —F, ST AERREE,

omn; =1, (onT,) " (2.2)

u, =, (onT,) (2.9

1

L%, ERIZHWTT,, T, REHB XOEMBRESNZERTHY, 113T, ETREShDIREN,
71T, ECRESNAEMERL TN, niil, DHFMRETHS.

Dynamic boundary

condition I,

Geometric

boundary condition T,

Fig2.3 Analytical Region & Boundary

FEM T3, XEFRAQ.DEEEM 0T BER L FTh 2 HSRBUCKER LI RITELZEA
LTEL. RE.D~CIcH LTRIBEEOREBEZERT S L,

IQO',JSsydg"'jnpﬁ‘&l,dg:J‘QX,&lldQ‘"J‘rgt'&l,d[’:O i (2.4)
2185, &uiHRBEMNTHY, HHEEELLT
8 =%{(é’u,~), (&) Q) | (2.5)

G4y =0 2.6)
RQAOEMLITHTY, FFRRQ 2 WIMEET AL LARER  ICHEIL, ERNOLEM u ZERER
R BN EAOENM u OBSE LTRT. Nik, RfEREETHS.

u=Nu‘ @.7

¢=Bu° (2.8

BEERE MY 7 22 D EThiE, B - O3 4BIRER (stress strain relations)id,



F2E HIEME

¢ =DBu’ (2.9)

I ERAWTR2.A) LRESL LB EET.
T e e T e eq_ T e TZ e
§[J'Ql; DBu®dQ +J.QeN PNii¢dQ ]_§[IQCN XdQ +Irxj tdre] (2.10)
Ku+Mii=f o : (2.11)
K=YK° =zI'BTDBd9"
e e Q)

M=3M® =sz'NTdege - (2.12)

f=31° = z[f NTXd0* +INT?dF”]
e e (T 1",,

K¢, M°, f°, K, M, fIRERAME~ LY 7R, HE< M7 X, SMEHRINR7 b, 260k~
MY 7R, HEE< Y7 R, 2FFEMEINNT I THS.

2.2.2 g~ Y 7 20ERL
Fig2 2 I RT3 HA 1 REREE X, HACREHEbYIZI, j, kOBESEOTS.

8T =[u; ] (2.13)

8T =[u; v uj v; up vl 2.19

ERANOENMS %, KIZTT xy O 1R TRET 5.
u=0oq +a2x+a3y

(2.15)
v=p+frx+ 3y

. Uy
i (x5, 3)
x

Fig2.4 Node displacement

HAEE R R(2.1IZRA L, 6EDRERK B & 6 ADESEM u,v DEIREREZRD B,



H2E MEME

u; = oy tayx; +azy; vi =B+ B + Bsyi
uj=ay+ayxj+azy;  v;=P+px+py; (2.18)

up =ay +ayx, +asyy v =B+ + By

REREEEMTERL, RCIHORTRIZRATD L,

u =-2—1-A—{(a,~ +b;x+c;y)u; +(a; +bix+c;yu;+(ag +byx+cpy)uy} , 2.17)

v=2—lA-{(a,- +bix+c;yv; +(a; +bjx+cjy)vj +(ay +byx+cpy)v,} (2.18)

a; =X;Yp —X,Yj i =X Yi—XVg G =X Yj—X;P;

bi=y; =Y b =y, -y by =yi-vy; (2.19)
c,~=xk—x]- cj =X; =X [ ="j"‘i
1 x5 y )
20=detl1 x; y;|=2x(ZARijkOEHK) (2.20)
1 x,

K217, Q.18)ZKRDL I IZRA L TEL.
{uv} =No=[iN, IN; IN,]6 2.21)
N,=(a, +b,x+c,y)/2A (n=i,j,k)  (2.22)

X (2.18) DLSRIBBMT = ATHTIC I8 » TEM MBI ZL L, BHEER & OFEMAER SH TV 5.
TR B 3 ERAOEESOFHE, NEHEEIC TS5 3BAC Lo TED BT ENTE B,

T .
v
o=burty 7 f ={§“;,Q,@+—} (2.23)

#(2.29), &(2.21) kv, O34 - B EFER(displacement-strain relations), &) - O HBAHRIE B
ZLMNTES.

= o o T o B 0 b 0 b 0

e=| 0 ?‘ 0 -5;— #—:Zo ¢ 0 ¢; 0 c,|3=B8 (2.24)
oN; oN, ON; N, &N, N, ¢ b cj by om b
o & oy ox oy ox
o-x Sx

6=490, =D £y (2.25)
Ty Yy

%5 @ﬁﬁ?ﬁU‘i‘ﬁFﬂE(lso&opic elastic medium plane strain) D - 0§ H~< bY 72D &Ko7
E 13 v 71%%(Young's modulus), v iZRT Y H(Poisson’s ratio) Téh 5.



F2E HIFEBE

1 vid-v) 0 ,.
vid-v) 1 0 (2.26)
0 0 1-2v)/2(1-v)

_ EQd-v)
T A+v)(1-2v)

B jk DEFEAE< b U 7 Z(element stiffness matrix)td, R(2.12) LV RXTELLNS.

K° = J' IBTDBtdxdy (2.27)

tIIEROEE 2R LHSRERZABORRITOVTIT). DBIUB < M) 7RI, ERNT—ET
HEOTHEROESZ—ELTIIE, RQ2NOEEAME~ FY 7 XK KA TREhS.

K¢ =BTDBzA (2.28)

ik OEREE~ M) 7 A%, REIDIVEKRTEZOND.
M¢ =I _[ NT pNtdxdy (2.29)

BEE(2—ELTHLHMER~ MY 7 R(consistent mass matrix) BMERKTE 3.

M° =pNTNA (2.30)

AFFEETIX, SEE~ MY 2 A(consistent mass matrix) Tl <, BHREFLV IV EELZZOERIZ
BT 38R NTRY 517 58P EE~ b Y 7 R(lumped mass matrix) Z AV 3. fRATHEEIXIZIER U
ThHY, EFRSHEIMEEIT L.

223 BE< L ZZ20OERIL ,
REIVEIBEARWVBEEOEAXTHS. BENDIESITE, BENIZRA%E2CLLT,
Mii+Ci+Ku=f ~ (2.31)

LETILATES.

B BUSEARAT DIRSIZIE, BERELAVSZ LITE o THEIONBRELZ RT3 0N—BHTH
B. LnLEAs, BABSEMTICBOCIZOL 5 RFBGEATERVED, BRI 7AM &
Aitk<~ hY 2 A K OB THRELTH.

C=aM+pK [‘z=2‘”10’2(h1ﬂ)2 —hzml)g(a,zl’z_m]z)]
ﬂ=2(h20)2 —hla)])/(a)z _wl )/

H(2.32)ik VA ¥ —¥R(Rayleigh damping) & FEITH 0;, by 12§ ROBEHFIREEL, BREZTHS.

(2.32)

10
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B2E MESE

2. 3 WERIBEARAT

2.3.1 ZEESHEOERL

TRAZRHEL 2 T DHEEM OBRIS BRI, BRI T & ITREF R HEICHES L THE2
Ebé%{fﬁﬁﬁ?ﬁﬁ‘ﬂib‘ b D, BFRr DISERBHBEE T, P/l Af R OB e+ AT BT 5 REBE
EPEICHE UNERB L RO DFIETH S, WRE 5T 5HENOHEBHISED X 5 ICE TSI E B
BTG CCTHREEITERILT 258 T, MORKH I LITERHED T2 BB LMEERD T ZLRTE 5.

B R (Linear acceleration method)
BBARIEZ A TOBRIEERIZY I 2 b— 3 VAR £ CHRABRIZIS W TR t+4r DRIEBL 3
B3 AXNTIREGSEBALBLEDOEREEDD. FHLVRRTMALTERRLHAT X 5 2R ERD
AREEL Y HEIGXFRA»H2S. BE - REMOTE CAME CRREHSEY AW THENETS
[} +[clso}+ [K ko) = {ro} (2.33)
[ + )+ [CLece + A} + [K Jx(e + A0} = {2 + An} (2.34)

O ®E#E(Direct method)
1 B RERRESFERXLED 1O 1+ A E CORDOIMEEDEHHEILERE L bOEZUTIIRT.

Xt + Aty = x(t) + Asi(e) + 2 (A’) s+ 80 (A’) $(t+ A1) (2.35)
e+ AL = 3(1) + Azw (2.36)
i+ A =~ + ) -Ex+an+ L (2.37)
m m m
R(2.85),(2.36) 2 R(2.3NZRATH &,
mii(t +Af) +c[5c(t) FEOLE ] 552(' +A7 At]
A A (2.38)
+ki:x(t)+ Aty +L0° ) i+ 80 ’) (t +At)] f(t+A0)
R(2.38) % it + A IZDWTHEL &,
2
f(t+At)—c{k(t)+%5é(t)}—k{x(t)+Ab’c(t)+(A;) 55(:)}
i+ Af) = - (2.39)
m +cf‘—t- +k&

R(2.39) DFE#(2.36),2.3DITRATIIL xt + A, 3¢t + A) BED NS,

11
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E3E RKE{LFIE

3.1 Hom{bBEsE

SEEHE, TTHRME, NEUEA E AL EEMOBRILSEEN, RIFILRRA Uhb—oORTFHARE
BTV, RASRHIISEET 5108 L TR CREORRI LREL TS, AEI - SRMAR &
BHLaY Ca—F— 2V THEREO— B2 RITT SR L RER LIFA TV S, BB L0 EARF
HRBRZERT 2 ROMAaA R - TIAR-CTRERE, KFEEFAL LCRANRBELREOM
PRERENTHRE SRR DRVEEQHMLALETHS.

Modeling = Optimization = Verification

EEREEVTHRREROL X ITETNVEBRN - EEL, o2 2@V RTLERDS.
REEIZB W TOFMEIIL T L b ZER - ERAORBO TR BRRERIT O AOBHER - BT
LB ENRHHN, HEIMEHEICEDS bOROTERBREFICEES SBRENVLETHD. I¥SHH
THEEE(mathematical programming) 238V 1% 5 5 EEIL LR 3 BRI (mathematical program)
LIETh, ROXSITERLEh S,

Minimize f(x) 3.1)
Subjectto y €S 3.2

x ITRE L (decision variable) > H R BT MT, VAT AEREILTHI2HzoT, BRREEINH
HERERV ODFFDEER LTS, f(x) IRIRELEH DY b x &3 liT 23T, SHERI% -
B #)B8%(objective function) & FEIEN 3 S i x AR Y B3 AL HRMICTR L b0 T, HdGiK, =17
T REFIR (feasible rejoin) & 721X F1T AIHELE A (feasible set) & MEITN 5. LR, [5 X b ilfEs.S
DOHh 5 BRBEE R/MET S x ZRD LI &V O RBEEZ ML LIz b o ThH 5. BB EZR/IMET S x
% %8 f#(optimal solution), xe€ S ZWifz¢ x LHEM « EITHEM (feasible solution) & V1 .

ARG TH B B TER O T DEERE T VI ORGELIXEERREEICIE S &, MAEbuiiE
% B3 # & & % ¥ 1L 7 B (combinatorial optimization problem) « Bff # A9 £ 18 1t i B8 (discrete
optimization problem) T ¥, JEMRELHIRE &\ 25, KIRER A ORELHEIEA B BICRET
& BB T LT Y XA(GA: Genetic Algorithm) &, /%5 A —F DEEHZ4E 5 HBDMEIRAL HHT
& HIRBLMRYT(SA: Sensitivity analysi) ZAbDEINA 7Y v MR, BIEEHRETEREREGenetic local
search method)iZ &V BiB{L & FATT 5. EEHER 2 BEL TIERT 3 DITIXERN 2 TH#MERT
RBxDZ LDOTEDFMERIL - BRI (objective function).S ZIRR L, HERBEECEF AR EMR L H,
B U TR R 25 BRI DR R & BB T

13



F3F muEbFE

3.2 #EMTAIY XA

3.2.1 s

—RIZEMIL, BHRICHT 5 ESE(fitness) DEV VERKIE £ ORHERZ B OMRIZZ TSNS L S 12,
SR L MUK R4 0B LCHE LTV < X 2440 L T, 1960 £E{RIZ Holland 12 & > CHESE SN 7 4 U
XhThD., BECHTIESEOE AL, T2bbREICH L CHEO™m MOBELEL, LV A
VHRIZ B X S L S U B FETH . EMARIT BT ST R E L T2 O R R 2 B A%,
BRI T LT Y XA TR E RET S EEROBRHAIEL LTV 0T, Bx0ROBEEEFELLED
OEPlE, MRERTHD LN PNOFELRET LIEE. BEOT7 LY XA%EA LT REL
PRREVE, JETMBBMORAIEE iR MES R BRI, LAb RS A—F T2 ol T, SlHOMR
2% bOT L RSV, BEMT LT Y X ATRE R RRDRVE bITIEABREC E RIRTE TR T
bE<, RETRESR L RIRMERED Db B REHERIC & 5 S AERIC Ko TRERERD NG,

B BEHTALTY ZL0FEN

1. ReatkofEH LML 5.

2. fAx OREEETET 5.

3. Rufatkh NAKE, BRERSEH LW IEEEERTS.

VIHE I 3 72 2 Befa ik (chromosome) DR E T o ¥ ARAE S S, YRk MiXREII 58
BHETHY, REEOBFSERTRELRS. FHEIKIEA N FETEXDZ LM%, MEICHELE
BHETRD D, ZOMHEIC Lo TEFLEAEOBEMN I VEBEE LTV X 5 RiMERITARS.

R X (crossover)iZH A b F DR EHER T 2B IHORGBED—R L DB O Yutathkn—E & Ahik
2%, IO LTCTEFORGBEIRTHERIIBAOLOLIINRY B2 bDRAR B8 LH 5. 2R
ZER(mutation) TN TEREINHF R REEKIIH LT, HIHRTRISESXIICTSH. BRER
IIREEROSFELHERRL, BARICBEORVWE DT ADITLETHS. ERERNEZVBES
LBOBRWHHEBTFIZEEBELIZS K REDT, KBNS RERIZTIONEETHS.

BEATNLTY) XLAOFSE 5 & HT7-0ICiE, MEOREEZ DL ikt LTRATIME
BFDa—F vk, AOBRELOL SISHRSEIAEREV S 2 LAEETHS. BETFO=
—7 4 7 (cording) * KX DOBEFX 2R AL LTKRDO 4AHANRBEREINL T3S,

Rt MRS SCREkE LORETES

et REERTSCRERE S L, IBEETOERSIHSNS
CHETRME MR LAEEEIL R RS LR B |
HEEEE © BOBEEFICETICRRS LS

14



HIE muE{bFiE

322 BURMTATY X ADEME

—| omsmowE |

O PHIEIC e 2 Y thGER AT 7 VED O Pt
- RET > ¥ MABERSRET S
[ me-m o @ FREBIRIC X BEISEOREET 5
] z ® HSELECRR - WKEST>
i @ BorBEkOELETTS
| AER | & ® EREREEX, MO—RLEB
& ® #HLVEROBEEBEICH LT, FEICEREDT
[ wnmowm | B, SBIR - Wk, FENER@~O) % RHHRY
RAEAEAR '’
| ®=N» |

Fig 3.1 Process of GA

B HHEHORE

BB ORERTERL TRk OREEOTIIERY T ¥ M5 xS, AEKE 2 #(binary)
a—FickWRBAEhD., ZORALZBETFE (genetype'Gtype) & SV, Gtype DfEE S 10 #FTERDL
7o b D & F BT (phenotype:Ptype) L & 5. (Figd.2 BR)

1|/oflo|1]|0|— 18 ,,C‘m = Individual (chromosome) « Random

nk‘m = Individual (chromosome) <« Random

oj1|0|1|1|— 11 n B m o REEROE Y K
Gtyp Ptype
Fig 3.2 Generate individual
B S OFHE

4Bt % Ptype TRELLIRE SN TEEKS %3 LA EEOMSE LR 5. EHRERR bOIE
YRVERE BT

AT CIER M IER & B & LTV 57, TS Hic THMERMN OBRA & & LLE
RbBDT, W OhOTERIKS 2RET5. 7o, MBI X BHSEERD BEOMETETFAD
BAROREAT 1 = OBF A TR 24T 5 .

Minimize f(x)

Subject to y €S
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#FI3FE RBELFE

B OER - BK

GA THULWMEE L ELHTROFRANIY EEEOREVLDIFEL SADFHEELLSIZT5) &
EOZLThD. ThEERT IR, 2FENRHD. EHen L LTEETS. HEKICL, 1
IERE f, -, f, MREo T3, BR - K BEOER»OEEEF L CnEKLBRELESH
EThD. TOLE, BEEOEHVHOOIFLES SARE. ZOBUHShEnBEICH LT, X0
RERZITo TREROF2IEY HFDOTH 3.

AMRETIIL—Vy MNERE, =) — MEREAVWAZ LIZ XV EGEOBRVVEEN LY B OFHRERE
TR L 225 X 9 ITBIR - K (Gselection) 21T 5. Thic kb, kv XVWMEKZERT 5 E&EF(gene) HiE
AHIIERBDTHB.

O A—Vy NEREE
BISEICHHI LBl TBIRT B Hik. —HHiel

£i=10

EREMITOL— Ly MCEB bOTHS, ikl ; 2

SECHBI LR E b oA —L Y REEIL, A—Ly ;—36

R DR AHE I RO ROMT 2105 bOTh S, ( Jj N

. 4 =V
fs=35
_ Fig 3.3 Roulette strategy
ZDLEDEMHTOL—Vy FTORBREZRO L HIZHERTS. (Figd.3 3R)
A+ L+ fi+f4+ =100 (3.3)

HISEORFL10.0 £V 0225 10 X TOEKE —HRICRES BROBANE > TRIRT 2.

HHFoEA 0.0~10 —  f |

H#EoER 1.0~30 — f,

i 3.0~60 —> f,

Hofan 6.0~65 —> f,

EHoMEN 65~100 —>  f;

0.8,69,54,82,26 — fi,f,[i, [, /s (3.4)
EVSEFEARITND. ZOLRT, BHEKN AR ZBUHTORL—L Y MHRTHS.

O =Y— MERRE ‘

=) — MR, BHOPTH- L bESEOBVMEEE Z0E TRERICETHFETHS. oM@k
R ERERIZ L2 HHROBEL L Tabv. L, =V — FoEESEETFERFIC IR
2 FTRBMEN B = ob BT fE(local minima)lZfa B ERE L 35 5.
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)

N

0

$3%E KE{LFE

B X

BRI, ZOOBORGBELERATFORBELIEIBMETHD. RXTHMEE—DOROHT, TO
MEBEATLELLOBOBETFREZTRIHEEZLD Zﬂ%‘“ﬁﬁﬂ(ﬁne point crossover) i, HHizZ
X(simple crossover) &\‘5. Fig3.4TiL, MER L AFBOELTFEOMICKEIMEMNHY, BEEAD
REEROEFEPHONERE TLEKBOLIBRNLREEE COBEBTH, FLWESOEETFLRS. %
7o, EOBR, MO LWVEEDOREF LS. TOMITUnRARN, BXRHIRA 7 ZMTTERIZ X >
TELLDHDOBEBEFERITHESHERET 5 —HREXNFET 5 B AME TIICADHERE Tt < FHE
BRI KT S/ A - DIC B2 — RZR L AV 5.

Bk A 1001111 —s 100 1f0 00
A#&B 0011000 —> 001 1|1 1 1

Fig 3.4 One point crossover

B RRER

ERERIL, BET ¥ —EORRCEL S ¢ 5 RETHS. Figd5 IREROPILTT. JNERI,
¥ D KREARBRMRICRIET B L, TUFAF—F L LT LE DK, bERECERERIILUETS
5. ERERFRVES, DHOBETAREDEEAOEMEERTS = LIXMET, RdbNBHED
HICRAMNIHTL 5. —HRIIC, ZRERIZER SRR CARETNEIT B & 5 ICRET B4, 2
WERBREBEICILS TS FHEL DS, EABRICE, BATORETHOSIELHRL, T 5
HEVRZEREER L LS LV SRS 5. KX &R, BAEROEMAMREZAERRLNS,
B BIR O— DAEIEAS B 1, T AR Ch BB D & X N ER B BE TR O E T5. =
RULHR T & S RETIC D% P — o DRETFE CRALERNEE B 2 L 28T 5. EAADO5 b
HAX DOERERELIAL, HREERBICONTIE S LTRIEOICHE T EORIICESIT 50
MRV, ATIE CORRERRIBEEOTE, BUTO L > RT3, (3530

Mutation rate = 2 =025 (3.5)

Number of bits of chromosomes

ZEIRTE Al 10100011

P

IR R 10000111

Fig 3.5 Mutation
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FIE RELFE

3.3 RREEMRAT

331 #= ,

WEROBED/NT A—F HPRIL LICHEIT, AL, IERE, SHEOEENEDOL S RERERITS
DO EITO ZEIXEETH . BEMRITII NS A—F OBLAREHEREOREICS X 288
AT HZLTHS.

BREEMATIZRD & 5 2RI LEARITFEE TH S,

L. RF A—F OEEEDHF]

2. BREWEADIZE S Boli{bFik

3. RT A—FOEEHME S BEE O EHHET DO LWV BT (Reanalysis)

N BEMTOER
Xy, Xp,t 0 X, DNT A= PORDAT THE(x, 2,0 © *x,)EEZXD. RTA—FZ DN DM,
FEOENPSBNERLIZET R, —BEE2RDRVEDIZ, ZITRTRTOEENZERENEIE
8,80y, + ¢ 8, BOBELIELBRLT, B f(x,%, ¢+ »x,) DEOELETARS. BT A—
F 2B L Tl FTRE Thhid
SO+ 80,5 +8xy 0%, + 8,) = [0, %5,,%,)

i Loty e, L1 ) @9
n

2
1 0 7] 7]
+E(§X‘]g]+ &2E+u-&"-67n] f(xl’xz’...’xn)+...

LETD. ZZIRGODELNE 1RiX, TOBEDETHY, HF2W, HIWFIT—7—EHD1
WROE, 2ROEZ LT, WERRZBEEICTB2HIZ,
X = {x,%5,,x,}7 (&%)
& ={8, &y, -, 8¢, }" (3.9
LETE, R8T,

f(X+éX>=f(X>+fx(X)+§&fom(X>&r+~- 3.6)
LREBTHIENTES, I

fx(X)=grad  f(X)=Vf(X)= {%,56){2—,...,%} (f(X) DIFEH~Z b ) (3.9

Sy (X)=Hess(X)=H(X) (f(X)® Hessian = kU 7 R) ' (3.10
LIEENTWE HOT, FNETNART A—F OB THTOBEOELSD IS, X D 1KRET 2K
DA —FDLFIEHT, 1 ROBE, 2ROBELIFIING. RAUL—RIZ & D n ROA—F OHHIEK
X, n ROBELIFIZND, REMBITLIX, 1RORBE, 1 ROBEZOEEZHAETILOOFELEX
3.
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F3E RE{LFE

3.3.2 BEfMrOBRE

[ ominomse | O MHEGE AT D 2T
— , @ S AV CIShL, A, ANEEER
| zmomm %x s
™ eEwA § ® 4757 4 OFEMBIH T DBEERET 5
' % @ FHEBIEIC X - TR SN ERBERBET VERD
NG A—H OEE & BTG A—F EREDRVFRIZEET S
! ® BRELZEZEDIELO@O~@)FEREEZEL
| ®=p |
Fig 8.6 Process of GA
m BEHA

BYRDIS R OZENL, BHEE, MEEESOREREL, RS NEEEELTWAOT, L L biz
REESHERL, REBHARICA l‘oh% & 5 BREFREER, BNENELBND. Lo THRHZEH: Ok
ER EEEDIABNRFESENLETDHS,

AFETHE, ThEREX, BERANERS, FREBEICEEA SN TWIZRRBESELAVWD
T LT kY Bk EIT .

O ZBRESE L REERAT
TR I 1 DAL, LE, NI & ORSEHEA T~ CHATHD & LT, HuNS AR
BROBEBFERELTS. (X231 3H)
MG+ a}+[Clfee + An}+[KJfxe + A0} = {2+ Ay} (3.11)
RSt + ALV BENL, EEE, MEEEUTOX I IRET . (K235, 2.36, 2.39 3M)

] |
wm)}=w)}+m{f(z)}+%.{se(:)}+.(.ﬁi{x<:+m)} A | (3.12)

fi(t + A} = {i(:)}+m-€i(’—)}+{§(‘—+m)} (3.13)

e o) b+ 2161+ 2 ]
(8.14)

{{f<t+At)}—[C]{{i(r)}+% &(t)}}-[K]{{x(r)}+At{k<t)}+% {‘r'(t)}}}

BRI 1+ At I IV BIEEE, MR ORBREE, X(3.18), B1DWBEREH/ T A—F x; THITHI LIT
XYVRHTES.

ofie+an} _ obin}, & {a{f:(r)} . a{f(rm)}}

axj axj 2 6xj axj

(3.15)
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ox f

%&ﬂﬁ=whﬂkhﬂikf]
. [ : . } (3.16)

{A, SO} + 4, )+ 45 GO} + [K] agf’ )i +4, a.g‘x(’ )i s af(‘)} + 46 Bt +At)}}
i Xy xj
T T 4y~ AR

) . 2
4, =91 4, <%l 5 9K 4,209, @) &

Ag =2_[A_/.1_]+£.a_[(.:_].+__(m)2 i[ﬁ].

6xj 2 ax, 6 6xj
PLEIZX Y, HIRBIZE T ABREOHEAELNNIIARERADBERHAT I Z LN TE 5. MK
AN BRBEY, —RICMIEMCHEEN 5 X bR TR, EAOEEOTIREDHEIZ0 L 42
v, MEEOCMHBREIXARICHAETES, :

ap=lcleade] ;=20 g
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# 3 b FE

3.4 EUsHRPTERFRIE

BIRABFTRTRE L 1L, BEMHT LAY X5 LIRERNTAHMAEDERTT 2 H1ETH 5. FigdT 2R
TIELV. BASK f(x) DEERE RDDIZHT= > T 2ODOFERED X 5 ITB O & HERT 5. Z OB
DOHA . BEARIL solution BIZ/2 5, £3, B\EAT LY XA, BRIEFEFHO RV A O R #E{E A 5R
HZOIZHEHLTWBEWIREBYRHD. ZORDEVRAITRT LI, FUF AV —F 2TV, Biazik
VIR$ Z LT X Y BIEMR solution BIZFRY 22 <GESFHZ &M TEDH. L L, HLETT o FrY—F
Th D10, BEZRIRE RO DICIIREA Y, MOBRMIC T 25035, —F, BEMR
Mrix, B RlfRE RDDDIZHE L TV D EWS A DD, RVRFITERT L I ICRAHRE 21TV,
S EA RS Z & TRRISETHZ ENTESH, LnL, WIIEIZAESR S, line A #5512 /FTfE solution
A L REfR solution BOEHLLNCEET HZ LiZkd. 2%, RFfEERDSZLICHELAZBEVNTH
HDOT, MUZED XVERDHDZHE, EHOERRTHIENTERNLEWNWS Z LIRS,

line A solution B optimized solution
| /.0\\
. ' A\ sensitivity analysis [.
solution A I ="\ e\
o ] R il 7! \ 2 7,/ "\
//’l k e | . / \\ a i e o / \\
g / . / \
= ‘x:l L Y \\ % — -—-\& e AN of \\
ensitivity analysis! N/"" ~—— Q\ / \ e /L i \
\ D AP : / \ e
A / genetic algorithm / N "‘/Eéﬁetic algorithm
SR \ | \ [
\ | f(x) - \ /
\\ | / *\ P / f (x)
\J / \ /
I N\, »/‘
Fig3.7 A characteristic of GA/the SA Fig3.8 Genetic Local Search Method

BT LT Y X5 LBREMITIIZENENRAT L @R > TS, LAL, ZO200FELE D &
{EWRTEZ L TCEVORAEAENL, SHERTILNTES. £2 T, BEHRBITEREETIX
Figd.8 DX 51z, ETE@ERIT NI XATT U F A —FEITV, REMIEST 5. T0%, RERF
WZ XV RARE CIEMIZEL . £5952L T, TOREY—FE LS, X BRERMLEEHTZ
LAHREE 25,

LED X 51z, BIcMRBFHEREILRIZN T L Y X AR KISIRRAT &, BRBERRAT H3F5 2 JRFTER R
L) BRFTOWE 2o, AL CIRBEGHT LT ) XAOLOITE & bz, BiEMBIHERIEIC XS
BT 6175
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FEOBRB

4.1 TH92E

W< OBDERBERT TV, FHEBBERRT B ANCATEOTHERIKIC - B TR SR A
FREAH 7 VR OBITLIRE 7L 21 G L L TR~ THS .

W ESFBREAOEKE

STEFBEIIL, MBERHIARL R DREEAMT LT ) L CEEL R 5 RERTAN D R (EiR)
Oﬁﬁ.WE@%&%%&%?%;5&ﬁﬁ®¢ﬁ%ﬁ%brwé.xﬁ%?m¥%mumﬁéﬂﬁ@—
BEECYIZT7 y7U1IRE, 2KRTOEBH, EMELRELTHNDORLERLED. £, 2258
1 RIBMTEXIGE, BRRERD B LAHES.

MER SR =22 R BB 5L R = IR
AHFRETIT 1 RTTOERBRIFET D Z LITH L, BLEHBEBOEKY, R L TR IEET
HitE (MH) ITHE - BT A LICKVRNT B, Ll, 2RTEREREATEELARNI L2 T
Ti~RTEL.

B EGURCOMBES

BIEE COWRTHE, LHEIRTOMFIZENTUL U —REL 03 BATITERHERYBET5
TLAFRETHS. L, FHEDCRMIELA Y —HELFIEELLSOTEARL, KBS
DYBAFEROREDZIZFIA L, SERBERET /T L5588 COBRBBOZLERORIERITS .

B REEEAE LRSS ATE SR
WRRAERITRMEFIRERE LTA L BRI D DO MACEEEY b b, RS R0
YEKTT NVIIRLIRICAICELEEL, HOWIEHERT. ULXVBEShIANDOZLERR
BERIET 5 I B RRRE L RRBERR COMEMTALETH S, FFETIHEDRAMY & LT
ABEFIE T ORIEETD .
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FIEOBRR

4.2 1 RouHep b

1 RTTRFZIBERRAT ORRFHC 7 v, E eI, R O M Bk CEERRAR 4 SR b 1L 5 O CEERfR
WGER S 2 Z L3R YTH LA, FIAMADH £ T1RITEREHM Ch D70, TRE RELSEE
VBRI AKAF S DRHIE S RIS £ LS RV & B X, AKBFFECIIMTE T v, FHMBI%L, Hodi{bFikoE
W X DB R AR~ OB A REE L, SR CEBIO R LRV ERBRET VEERT S L &
B LT 5.

4.21 1 KEffMTET NV
AMFFETIE, Viscous boundary model,, Lysmer’s model, Luco’s model ¢ 3 fli¥a 5 g€ 7 /L &
FAWT Ll - BRFEZ 1T 5. Lysmer's model % LA FIZ/RT . B mE513E T VO ESRA DN N 52070 BIRIE

L 1~n & LY, FEMERIC X 0 BTRFEIC SRS 7L & MA LRIER 175 . (Figa1 510
Analysis object Discrete model
[ 1 T 5tk

I
|
|
|

|
| |
1 : SHEE : V, =120m/s

Impulse AN
I | | |
| I | |
| I I |

iy T : A=1m?
K7V =049

Fig 4.1 1D analytical model (Lysmer’s model)
N e 7L OERL
FEM Bk Lic~ b ) 2 2 ) [k o] s imties 71~ b0 2 =t |lo* |k |z rmss.
LAFIZ= R Y 7 ZERKFIRE 7~ T

O (] Viscous boundary model

(4.1)

_j;;
=lls
N
=
‘-Iiﬂ-‘

)

Fig 4.2 Viscous boundary model

24



PN

FHEORR

[J Lysmer’s model

|
|(
X Xy R T PR
|l ,\/}»f\/\ : [_C* ¢ }{”1}+[~kk‘ k/: ]{“1}={§1}
\Aﬂqw - el e Joy- ) (4.9)
. l=kc1+ 7] K=kl k]
i )

Fig 4.3 Lysmer’s model

[J Luco’s model

|
l *l * »* * *
N 1:11M ' 00 olfi)] o -~ 0 @) [ & -k 0 |[u) [fo
N VA b 0 0 0 HiYl—cf c+cy —cy Qaigp+|=k Kk +ky —kyQunp=11
‘ v I,,,*: 00 m @l 0o - o ll&f) o -k | o

4 (4.9)
e Mok Elek ke
a bbbl e-enk ] k]
I~ 1
| |

Fig 4.4 Luco’s model

B 1KTETADZ Y TR

HERBEECER < | ) 2 2 &ML~ 1Y 2 2 [M][C) K] Fioms. < b Y 2 2o & EmRITKAL T
5. (R4.4BW). KETIE, Z0O~ Y27 22 HAWT, FFRFRRICL HRE A R L, &5k
THRAEZAT O

BR~ Y 7 RER: m= pdTL mmvwoxgsﬁk:% (4.4)

[J  Viscous boundary model

BEREEET L ¢
m/2n 0 nk —nk
-l N I N 1 @7
s s . —nk
m/2n c ~nk  nk
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FHEOBRR

[0 Lysmer’s model
BESRET L : o k"

m/2n 0 nk -nk
_ m/n _ _|-nk 2nk (4.6)
[A/[]— 4 ,[C]— 0 ’[K]_ —nk
m/2n ’ —nk nk+k"
O Luco’s model
BERLET L - c; ,k;,(m* ,c;;k; : BhRIRED
ml2n 0 v nk —nk
mln -nk 2nk -,
W}: ". ’ [C]= 0 ? [K]= ) "- "- —nk .
-m/2n cl*+c; --c; -nk nk+k;+k; -k,
m -—c; c; —k; k;
4.7
B AA4AH
RAERICHYREEE X, 2RI AN T 5. RU.8)2R
gt 2n_ 2n
9 m m pATL
{f}=[%,,0,0,---,0F (0~0.01sec) (4.8)

M 1&RTY IR

WMEBITEER LB X DN D, BERICEESE L LTERER (P 3 - i) LENE (S - #%)
LAH 5.

1 RTEMOEEERRERAEZRHETASEOLEEXS. SEEV, LThiE, REMRES.

’E 1 ‘
VS = ;2(1_4-1/). (4.9)

RUNELT 5 & Yo VEREARES,
E=2xpx(1+v)x (¥, ) (4.10
cz, w7V, BEpN/m?), vkEV,(n/s), v rREWN/om?)cH s,

KRR, MR~ OIS B LR RAT5 %, (REBREEHEL TS, Zokd, K7 VUl
IR EENER e (A AREER) Of T, MR HITRT Y Ut 05, Rfafokitit 0.37~049 &
ENTWS. SE, BEMELOL IR IARBERFRLRD ZLIIDRVEER, RT Y kE 049 &
WL, By 1500(V/m?), BkErr 120(n/s) LREL TS,
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FHEORD

4.2.2 FHEBI%K

1 RITHNT OFHEBIR ORFNICH Y, 2 RITHBIIRO - HERIAALSE2H L ENHE T 50T
372<, BREBHFBOBRLERMG L FATERICIFET 284 (H) ITFB L, EEROFERELE
B« RIEEITH. & LT Lysmer’s model % BATFIZR¥.

/
4
4
/
4
/
4
{n
Fig4.5 1Dim Analytical model (Lysmer’s model)
B 2HFFNVX—FEREK (F6aH)
TR O OENZE TR —2B/METHZLITXY, EFLVOEBHEZFHETI L ¥ BT,
I, =~ j' VM J}+ o [K Yl | (4.11)
B EREEBE T AVBEFUBAOENF XX —FHEEK (F+R6EH0)
FAT R GBI R BT T VEOREZ OB R 0N FET IV —2R/METH Z LI kY, EF
NOEENERETHZ L2 BET.
M, =— f i) )+ b [K )+ 5", ) (4.12)
0‘ B BETRLX—FHEREE (eI ,
BABBET VRSICRETIREDRICERL, BECRLX—DORMEENMETEZ LT, EFL
DEBREEZHETZ L2 BET
o =lrc*u2dt « (4.13)
3 2 ) n v .

N £ ANRELIHEBIK :
ENFT RN TR OR/IME L BRT 3 — BB OB KL & RRICHAT L, BENRL %
FRBLETVOEBLEHETSZ L2 BIET.

11, = L [ (@ Beliad+ b KT (.11

t
I, =lj c*ulde ' (4.13)
2Jo )
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FiEOMRE

4.3 1 RouHEM NS R

4.3.1 FEEMWET NV

1 RITHRFZIBEMEMT 21T D 127120, BERBEE 7 V23800 72 O E BT 7 LV OfATFE RIS OV TRFE R
175, BEREERET VAR R2VEEROEE, EaOFEMIKE S EMNET S LICERMIREN & Filf
5.

1 R ITTHERL Rt
SHEHEE : V,=120m/s

Impulse

K7 e : A=1m?
KTV W v=049

| | |
| | |
| | |
| | |

| | |
| | |
[ | |
[ [ |

Fig4.6 Fixed end model(1Dim)

—— fixed end (rayleigh 0%)

——fixed end (rayleigh 3%)

5.00E-06

3.00E-06

1.00E-06 [

-1.00E-06

displacement[m]

-3.00E-06

5.00E-06

time[sec]

Fig4.7 Displacement behavior (Fixed end model)

432 1 RuEBIBHT AT Y XA L HEESNBERE T L O iik

BRI T T ) ZA0 TERGEHOEGREBEISE LTS &0 ) FlE A AV CESEREERE 7 L 43T
ERAS BB 24T 5 . 7248, ARFZE CIIBARRO T /L = U X A ORELAERE B K% 5 5 0 CHie <,
T - FEOBMEE R B0, A%, BEEOE Y MUIZ<KRLARVED LTS, Ll
% OBFFECIIRHTE 7 L OBURGITIE U CRER S BE T2 LEN D 5.

« X #(Generation) : 1000 A% < FI3EAEL(Individual) : 100 fE#4
s Yeafk ey b (Number of bit) : 16BIT
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B Viscous boundary model
BB T VERNCHE S v 2 Ry R ERITTZET VERWT, =30 X —WRIN - SREHHIE 4 FRFES

5.

| |
| |
| |
| |

[
|
|
|

FHEORR

|
[
|
|

| | | |

Fig4.8 Viscous boundary model

0O &H%x 30X —/IMEFHill B %K

5.00E-06

4.00E-06

3.00E-06

2.00E-06

1.00E-06

i1 0.00E+00

displacement[m]

-1.00E-06

2.00E-06

1 T Rt
SHHE : V, =120m/s
R : p=1500kg /m>

Ve T i : A=1m?
RTY o 0=049

——first generation

1

last generation

\, v e
f‘\'}\\/\/\';x"f’“"““"‘”“ e e S SRS

time[sec]

Fig4.9 Displacement behavior (Viscous boundary model )

Rayleigh 3% Energy Damping
First 2217x1073 243137.255
Last 1.685%1073 282352.941

Table4.1 Appraisal object
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FiEORR

O BT L — R KERFmBI %

5.00E-06 [ —first generation
—last generation

4.00E-06 a5 . s wedass 5 e eeeneeeeecssseseneeeseeene. B TR PR

3.00E-06

2.00E-06 |

1.00E-06

displacement[m]

8 0.00E+00 [ o

.l.OOE.OG P —— o . TS — -

-2.00E-06 - c = L

timelsec]

Fig4.10 Displacement behavior (Viscous boundary model )

Rayleigh 3% Energy Damping
First 9.452x10* 462745.098
Last 9.828x10™ 274509.804

Table4.2 Appraisal object

0O % BARoE LRTARBI %

5.00E-06 ——first generation
——last generation

E L ..
3.00E-06
2.00E-06 |-

1.00E-06

displacement[m]

4 0.00E+00 |- Y -

‘1.00E-06 -

-2.00E-06 4 - - -

time[sec]

Fig4.11 Displacement behavior (Viscous boundary model )

Rayleigh 3% Energy Damping
First 1.525x1073 631372.549
Last 1.227x1073 278431373

Table4.3 Appraisal object
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FHEORE

M Lysmer’s model
BERBERCE T VERICRIME S R, MYy Vv a Ry RERTTZET VERNWT, =X —RIN, REhiH
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Fig4.12 Lysmer’s model
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Fig4.13 Displacement behavior (Lysmer’s model )

Rayleigh 3% Energy Damping Stiffness
First 2.342x1073 458823.529 576470.588
Last 2209%1073 278431.373 0.000

Table4.4 Appraisal object
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Fig4.14 Displacement behavior (Lysmer’s model )
Rayleigh 3% Energy Damping Stiffness
First 2.325x107 415686.275 149019.608
Last 2203x102 282352.941 0.000

Table4.5 Appraisal object
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Fig4.15 Displacement behavior (Lysmer’s model )

Rayleigh 3% Energy Damping Stiffness
First 9.371x10™ 388235.294 874509.804
Last 9.828x10 274509.804 0.000

Table4.6 Appraisal object
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Fig4.16 Displacement behavior (Lysmer’s model )

Rayleigh 3% Energy Damping Stiffness
First 1.322x10° 337254.902 509803.922
Last 1.228x10 270588.235 0.000

Table4.7 Appraisal object
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Fig4.17 Luco’s model
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Fig4.18 Displacement behavior (Luco’s model )
Rayleigh3% Energy Mass Stiffnessl Stiffness2 Dampingl Damping2
FIRST 2299x1073 290196.078 549019.608 180392.157 31372.549 403921.569
LAST 2209%1073 243137.255 0.000 0.000 11764.706 0.000

Table4.8 Appraisal object
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Fig4.19 Displacement behavior (Luco’s model )

time[sec]

Rayleigh3%

Energy

Mass

Stiffnessl

Stiffness2

Dampingl

Damping2

FIRST

2.690x1073

23529.412

290196.078

956862.745

776470.588

160784.314

LAST

22221073

666666.667

0.000

0.000

203921.569

43137.255

Table4.9 Appraisal object
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Fig4.20 Displacement behavior (Luco’s model )

time[sec]

Rayleigh3%

Energy

Mass

Stiffness1

Stiffness2

Dampingl

Damping2

FIRST

7.735x1074

211764.706

501960.784

776470.589

580392.157

43137.255

LAST

9.807x107%

968627.451

0.000

70588.235

282352.941

0.000

Table4.10 Appraisal object
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Fig4.21 Displacement behavior (Luco’s model )
Rayleigh3% Energy Mass Stiffnessl Stiffness2 Dampingl Damping2
FIRST 2.371x1072 952941.176 321568.627 11764.706 23529.412 556862.745
LAST 2.118x1073 215686.275 0.000 43137.255 156862.745 113725.490

Table4.11 Appraisal object
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Fig4.22 Comparison of evaluation function (Viscous boundary model)
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Fig4.23 Comparison of evaluation function (Lysmer’s model)
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Fig4.24 Comparison of evaluation function (Luco’s model)
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Fig4.26 Comparison of total length (Lysmer’s model)
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Fig4.27 Energy transition (Viscous boundary model)
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Fig4.28 Displacement transition (Viscous boundary model)

Rayleigh 3% Energy Damping
GA 2.209%1073 282352.941
SA 22.03x1073 276733.815

Table4.12 Appraisal object
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Fig4.29 Energy transition (Lysmer’s model)
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Fig4.30 Displacement transition (Lysmer’s model)
Rayleigh 3% Energy Damping Stiffness
GA 2.209x1072 278431.373 0.000
SA 2.203x10° 276733.815 0.000

Table4.13 Appraisal object
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Fig4.31 Energy transition (Luco’s model)
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Fig4.32 Displacement behavior (Luco’s model)
Rayleigh3% Energy Mass Stiffness1 Stiffness2 Dampingl Damping2
GA 2209%1073 243137.255 0.000 0.000 270588.235 11764.706
SA 2.194x1073 0.000 0.000 0.000 274885.110 7910.698

Table4.14 Appraisal object
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Fig4.34 Comparison of displacement behavior
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Fig4.41 Displacement behavior (Fixed end model)
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Fig4.42 Displacement behavior (Constraint)
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Table4.15 Appraisal object
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Fig5.1 Soil model (2Dim)
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stiffness1 : BEFAE R x J7 10 D/ R FIME stiffness2 : BESEHERL y J7 10100 7S R

W GFABA%K - AT FIE

2 WITE AR ARATIZ 35UV C, 2 WRTTHEMRAT & RERIC, 1 IROTHEH MR C OMRATIRER - 2hR « TR M
HOBRIZEBWTHZ CTh o Fe 2N FE T 3V X — R/ MEFHHB% % iV CRISRY T L= Y X LI X5 M
2175,

52



95 HYBRAAT ~0E

5.2 2 Wou MR AG

521 BEET IV

2 WA ARAT 2 FRAES D27V, BIRBERCE 7 /0 230 2 W EIRE £ 7 /L O R

P

1792,

BBUVAY—BRIIZI%ET S, FHRMRET LVERT2VEEROSLS, #A8

BNIMEOE X HIC XV KYE, EELE bIZKE SEMET D LRI MIRE & 6t 5.

W
Impulse l

IZDOWTHRRE R

(IREaER) D%

6.00E-07

J vertical displacement
{ horizontal displacement

4.00E-07 K

2.00E-07 !

X1

0.00B+00 [{/ |1 |

-2.00E-07

displacement[m]

“4.00E-07 -

-6.00E-07 4 : :

| LX | 0 1 2 8

W KO
Impulse
—

timelsec]

Fig5.2 Soil model (Vertical load)
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Figh.3 Soil model (Horizontal load)
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Figh.4 Soil model (Vertical & Horizontal load)
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BRObLDLET D,
W EEAT R
Impulse l
Rayleigh 3% Energy Damping 1 Damping 2
5 First 1.362x10% | 10000000.000 1058823.529
Last 1.311x10% | 1764705.882 | 2549019.609
‘ Rayleigh 3% Stiffness 1 Stiffness 2
’ First 1490196.078 7176470.588
|e—tX | Last 0.000 | 5098039216

Figh.5 Soil model (Vertical load) Table5.1 Appraisal object

——first generation(vertical)
last generation(vertical)

e e b
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Figh.6 Vertical displacement behavior (Vertical load)
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Figh.7 Horizon displacement behavior (Vertical load)
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Figh.8 Soil model(Vertical load)
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955 HRARAT -~ H

Rayleigh 3% Energy Damping 1 Damping 2
First 1.011x10% | 4784313725 | 9960784.313
Last 0.995x10™ 2313725491 | 2117647.059

Rayleigh 3%

Stiffness 1

Stiffness 2

2.00E-07

0.00E+00 |-

First 6274509.804 1843137.255
Last 1215686.275 9843137.255
Table5.2 Appraisal object
——first generation(vertical)
last generation(vertical)
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Fig5.9 Vertical displacement behavior (Horizon load)
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Figh.10 Horizon displacement behavior (Horizon load)
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Figh.8 Soil model(Vertical load)
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1 L L L 1
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Fig5.11 Vertical displacement behavior (Vertical & Horizontal load)
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Fig5.12 Horizon displacement behavior (Vertical & Horizontal load)
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Rayleigh 3% Energy Damping 1 Damping 2
First 1.445x10™ 1843137.255 | 9843137.255
Last 1.391x10% | 1921568.627 0.000

Rayleigh 3% Stiffness 1 Stiffness 2
First 7764705.882 | 9725490.196
Last 1843137255 | 8901960.784
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GA model(vertical)

6.00E-07 ——fixed end model(vertical)
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displacement[m]
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time[sec]

Fig5.13 Comparison of vertical displacement behavior (Vertical load)
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Figh.14 Comparison of horizon displacement behavior (Horizon load)
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Fig5.15 Comparison of vertical displacement behavior (Vertical & Horizontal load)
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Fig5.16 Comparison of horizon displacement behavior (Vertical & Horizontal load)
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H 6 X 6 B DN

HIARHEMEE 2 X 2 5B b o LAERIZ L, BES(LX,LY))IX60m & LT3,

O FEEME
Impulse l
Rayleigh 3% Energy Damping 1 Damping 2
e First 1.481x10™% | 9725490.196 9254901.961
Last 1.386x107* | 1725490.196 3058823.529
Rayleigh 3% | Stiffness 1 Stiffness 2
B First 7882352.941 | 6235294.118
- LX | Last 0.000 | 7882352.941
Figh5.17 Soil model (Vertical load) Table5.4 Appraisal object
——first generation(vertical)
6.00E-07 last generation(vertical)
__ 4.00E-07 |-
£ \
< 2.00E-07 r\
o
E 0.00E+00 |~ \f\f\; ,,,,,, e et e}
(5]
©
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Fig5.18 Vertical displacement behavior (Vertical load)
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Fig5.19 Horizon displacement behavior (Vertical load)
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Figh.20 Displacement comparing (Vertical load)
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Impulse
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Rayleigh 3% Energy Damping 1 Damping 2
First 1.399x10™% | 7921568.627 8117647.059
Last 1.326x10* | 1843137.254 2156862.745
Rayleigh 3% | Stiffness 1 Stiffness 2
First 4784313.725 | 5058823.529
| LX Last 4980392.156 0.000
Fig5.21 Soil model(Horizon load) Table5.5 Appraisal object
——first generation(vertical)
6.00E-07 last generation(vertical)
_ 4.00E-07
£
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3
8. -2.00E-07 |
e
lae]
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Figh.22 Vertical displacement behavior (Horizon load)
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Fig5.23 Horizon displacement behavior (Horizon load)
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Figh.23 Displacement comparing (Horizon load)
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Rayleigh 3% Energy Damping 1 Damping 2
First 2.803x107% | 6941176.471 6549019.679
Last 2.725x10% | 1803921.569 2431372.549

Rayleigh 3% | Stiffness 1 Stiffness 2
First 6117647.059 | 3372549.019
Last 784313.725 | 705882.352

Fig5.24 Soil model(Vertical & Horizon load)

Table5.6 Appraisal object

0.00E+00 |

——first generation(vertical)
——last generation(vertical)
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Figh.25 Vertical displacement behavior (Vertical & Horizon load)
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Figh.26 Horizon displacement behavior (Vertical & Horizon load)
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Figh.27 Displacement, comparing (Vertical & Horizon load)
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Fig5.28 Comparison of 3 model (Vertical displacement)
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Fig5.29 Comparison of 3 model (Horizon displacement)
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Fig5.30 Comparison of 3 model (Vertical displacement)
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Fig5.31 Comparison of 3 model (Horizon displacement)
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