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ABSTRACT

In recent years, the advantages of mass amplification and damping enhancement
of the inerter system have been widely studied and applied to vibration control in civil
engineering. However, previous studies mainly focus on the innovation of the inerter
devices and the parameter optimization strategies of the inerter system while ignoring
the improvements in the utilization efficiency of the inerter system that the bracing
system and novel installation methods may bring. In this thesis, the cable-bracing
inerter system (CBIS) is installed in the structure across consecutive layers and
proposed cross-layer installed cable-bracing inerter system (CICBIS). The CICBIS can
make full use of the cable-bracing system's easy-to-install characteristic and
adjustability to improve the utilization efficiency of the inerter system. Based on the
fixed-point theory's tuning idea, a performance-based method able to synchronously
optimize the cable's shape and the parameters of the CICBIS is proposed. Combined
with the idea of modal control, the multi-modal seismic control design of the CICBIS
is realized. Besides, the CBIS's numerical analysis model is compiled in Opensees, and
the performance of a structure equipped with the CICBIS under bidirectional
earthquake is analyzed.

First, the self-balanced inerter and the common cable-bracing system are discussed
and introducing the CBIS. The equation of a single-degree-of-freedom structure
equipped with the CBIS is established. Compared with traditional vibration control
devices, the high efficiency of the CBIS is illustrated from the perspective of the tuning
effect and damping enhancement effect. The influence of the cable prestress on the
CBIS is analyzed. The result shows that the performance of the CBIS designed
assuming no prestress is less affected by the change of the prestress.

Secondly, the composition of the CICBIS is introduced. The motion equation of
the multi-degree-of-freedom structure equipped with the CICBIS is derived. Based on
the fixed-point theory's tuning idea, a performance-based method able to synchronously
optimize the cable's shape and the parameters of the CICBIS is proposed. A Benchmark
structure is used to verify the control performance of the CICBIS and the design method.
The analysis results show that the proposed design method can exert the damping
enhancement of the inerter system. Compared with the traditional inerter system, the
CICBIS has higher efficiency and achieves the same control performance with lower
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cost.

Based on the concept of modal control, the definition of equivalent mass is
extended, and the relationship between the modal inerter-mass ratio and the equivalent
mass is clarified. Aiming at the high-rise structures that need to consider multi-modal
response, a multi-modal seismic control design method of the CICBIS is proposed. The
results of a 20-story Benchmark structure, used for verification, show that the design
method proposed here performs well in structural displacement and acceleration
response control.

Finally, the CBIS is established in OpenSees. By Utilizing an elastoplastic finite
element model of an actual steel frame, the performance of the CICBIS is verified. The
analysis results show that the CICBIS can effectively reduce the structure's seismic
response under bidirectional ground excitation, and the plane layout of the CBIS has an

impact on its damping enhancement effect.

Key Words: inerter system, cable-bracing, cross-layer, optimal design, passive control
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K-T 153 70 % K 1 R B AR 4 &, 1Z0d FE R RE R A JE PR K, EXT K 1
ghitl) (IR AT HIE ST, PIRES R RIA G4 R, ik, K-
T BRSO F T iy A0h 1 Ak 2 () BE AL R0 T e 243, AN T FH TR i A &
R b 72 FIE 82 93

T K-T 3R AE BIRGR A, 7 Bir i 2 TREPUR IR E, 2
LR LR E R A BT TR, Wi FERUP B REYR Clough 5
Penzien!!3!1%%,

WKl 3.4 fizr, Clough 5 Penzien fir$ig ! ] Clough-Penzien % J2 /£ Kanai-
Tajimi AR I8 M LA b, EAT T kGRS, ATHEIE TR 77 &
R B 2 e Bt R S AR e B 1284k, SEAFA SEBRHB RSN O . BRI, A H
T C-P iB/EABENL MRS A DR, DL G b 2 S0 5 R B ATL M 7= i
SIHTHI RG22 Clough-Penzien 528 [y i [ i id B D) 26385 B sk 80 (FRiFR C-P 15D
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R ARIE N

I
,
Sg(a)): 52 : S Zaz)f Z'So
BERIRIED

@, @, @, @
b, o, & 79T INuE B As FOR AR e 24, 18I X A S B i & i
B, AU R SR RE B ARk, FHME RIS Gkl kA A 5%, FE[132]H
Der Kiuregwan %5 H 7 U8 [EH, W&%, R4 =M+ AR EUE, R

3.1 fRe WRER T S, S Al S E S SRR A K, THER
A AR AU,

014 A
@, 1+ 42

b, A WHESEITETE (PGA).
Fokg 3.1 =MV L FUE B Clough-Penzien B 2%

S, (3.47)

TREME | @ (rads) & @ (radls) S
1 [35] 15.0 0.6 1.5 0.6
SRk 10.0 0.4 1.0 0.6
%t 5.0 0.2 0.5 0.6

10% ¢
4,-\

[ g ]
C-Pill (MR [ 1-338) 9

10" ¢ - = —C-Pilt (h% L) | 1
' —-=-—C-Pilf (k55 1:3) | ]
10 ' .
107 10° 10" e

R w [Hz]

P4 3.4 Clough-Penzien # 71 Kanai-Tajimi 157

38



%3 E RABERGAEL RSP ISR 208 L R e

3.23 ¥ EBRE=REAE

T TE LB BEHLA AT 5 v oF 5 1 £ BN LR R B R 5 B A
FIF A BRI T RREAT iR #1158, R, =[x X[ @ ik
IR, G5 EE RS R IR

Xg = AgXy +EqW (3.48)

H,

A, = 0 ! E, = Onnya (3.49)
R l-M'K -M'Cc|" " -r

e 7 AEERRREN L M 75 1% 25 18 S G I BE A LI RE B AT, 7 EOR R
YEH T 45 Mis s IR 2 B T R AT i e . B8 C-P W M3 3L BExp I = AR
[ e 7 R REAT R B — IO RIS I B As AT LR 3K (3.46) e 5 IR
ST ET R

X, =A X, +E wW
{..q e (3.50)
Xy =CoX
/\qj’
0 1 0 0 0
—0’ 2 w 0 0 1
A= e E = 3.51
d 0 0 0 1 10 @3
—w; 25,0, - —2&o 0
qu[—a)gz 28, @, ! 2cffa)f] (3.52)

Y XKL G KT LIRFEE C-P ik BB AR v T4 N Sah it 3™
JEARZS 250 5 RE AT -

(3.53)

X, =AX +EWwW
z=CX,

b, x =[x x| R RERA S R, 2 I R A, E,
T C 4 AT LA N

\

AR Equ 02(n+1)x1
As{o A, },Es{ y C.=|Ca O | (3.54)
T 0
Cr = “X(n+2):| (3.55)
R {_dec Ks  Opnag

MRYE IR Co 1958 SCATRN, WL 17 6 2 B35 (015 R A a5 i =
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[FIHF RS A8 3 Fr s AR R SR R i S DAAT BT

(A 1 7 Je Sz P 5 R S R gt th M8 B o RIE BB 7%, RATAT LA
LI H e B 2 B P T 2R K, 3R A
K, =C,PC] (3.56)

Forpr, P ATDOGHER RS Z AR AEOTTIE (Lyapunov J718) 3(4%. WK 3.2.1
T91% Lyapunov J7 12 ] LAEWT
AP+PA] +27S,-EE=0 (3.57)

AR5 221 5 BV L PR 5 S5 AR LRI SR TR AR XL A2 S VR R gt 1 3958
R DLIE I Y R R 2 BT R K, 3 A T R AT T TR

3.24 ETRERHREEAMEITHRFRE

Xt R PR AU R RIILIE R, BEA RGO B NHE, fr
FARINEARRI R 2 LA R RGH RS E T E =7 A RS A &
A LIRS o4 2546 (A0 70 B EAT 1 » R I FR PN AR S R G L ST
T 5 ) 7 B O SR AT SRR, AE G BRI S0V BT SRA5 5 L 0 8 ) A
Pegzsil. X E, BATFIN % EEs 2 R A R SRR fE L L Br R s, R
TERE R RAGBET Jrike N T B RE AR, FATEH LTS8 E N
AL R s T AR

y:{mmcd¢%,¢wdhﬂpndh} (3.58)
Horb, d RORRLRIETFERIEE | B2 ERKTPEGEKE, WK 3.2 FiR: o, %
AR RGN B S

T
oF o

t{\

w, = % (3.59)
d

WIE it S8, RIEBFIARAIR R A R HIERE T, w] A T 35

] G G Git_o...0]i, 0
— W ,0...,0 | i
\/dlj + hij+l \/dlj + hij+1 \/di§+1 + hi§+2 \’ d jzd—l + hjzd
T, =
d_____4 d 4 G 4 i,=0
Jao +h2 JdZ+hy \JdZ+h JdZen2 o fd? !

(3.60)
HARERRZ, FRMEIRZ R T RN LI A, KR & B K
B Y6 Bl R IA R
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()<L

2 (3.61)
dIZO iE{idaid+1 ----- Jd}

S, LRSS 4 (0 5
PR H B B, 2R U A ARGt A e SR (75 14
FPREHAR FCHET ek, 3 U
BB _ 6,
BRI, Oy,
Sof1 0, TR IR R IRV RIRS FHEI T TR, 6 e IR G5 IR 85
BITRI R . O, 7T UURAE (3. 56) 5K th 1 RrBSWRE J7 (L7 KA

eﬂ—ﬁ?lfﬁﬁﬁl (3.63)

(3.62)

m h

7% JE B R GG AT 75 AR S 2 SR 25 RGN BT 7 0 3 IR 2%
o 2 A ] 75 A A ] R A 457 545 2% R G0 1 H 0 B AR 2166 721, 7R I B IRAT TR A5
B RGKH 13T AR RS B R R AR RS AR PR

B R RS, WA REREENIE, T DUE SRS R G5 T 454
1) 7 ) 45 T BCRAE — R A BT R, (R XA 5 RS R 1 Rk
K, EHRBAERFPIRME LS TR, Bk, N7 IRIERE RS0
PR USRB BN G HE S R, R AR RGN E T EZHATRS] . =
% Tkago S5 NAE[431H B, HRAIRE KRG R G0 -

1
Horb o, RN —B BIRE, | u R Z A RGN —B A 200 m
b, mrbuEs R e SR EEEM,, —IRE 4, ARG R IR E
my, MERAEF R EITIR R R AR B FE T i A (3.23) i 5453 2.

R, 2 TP RE 1 2 M by R AR A R4 T ] DLRIA i R 4
i1 780

Wy =

W, (3.64)

find y:{md’cd’a)d’did1did+l1”'djd—l}
to minimize  J.(y) (3.65)
SUbjeCt to ysytarget’a)d :#1600

1-p
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[FIHF RS A8 3 Fr s AR R SR R i S DAAT BT

O g 9 ERRIRIRLE B HARPERE AR, TR M U %%
HEE D HEAT S
. _Bieiegk 1 [d]
ot T RGNS, DU EETE 76
e, RIBRACIR OB B, BNATHIE BRI S, S SR
SR

(3.66)

3.25 MU KBHELIRIENEHRIE

MR BRI ERAEIE . WSSk DL R 4 R SR RE 55 7 k%A, SCEM Sk
(Shuffled Complex Evolution Meortpolis algorithm) H T 7 TH#/E, &R H sk
g AL SOLRE 0B, KR AR SCRITH He B2 T ek L 0P AR B ALt R A Ak 1
ISRV IR

SCEM Sy —FhE 3 B i& M. MCMC (Markov Chain Monte Carlo) {65
. SCEM $iL454 7 SCE (Shuffled Complex Evolution) LAY 7% F i1k
I3 DXIR A BE R BL A Metropolis SUERIE R, FEBEAL I AR HoR 4 o /R W R B3R A5 1)
3 SRR IS B 3l N R R R R, T SR P W SR B e B AT, g
A Rtk 2 ZHOS R BN A AL ) R, RIS 2 B0 IR RPN 23 IX [R5 2
FLEE ARG Al SR8 e W SR Sy R e 0 X3, ARAIE 1 TH AR SR PR

—. SCE EZxEKEFEIE

SCEM & 1F SCE b Hik 3t at -, 454 MCMC BARSE K, RIIEAS
X SCE HiEM B EA 44 . SCE Hik @& —Ma: TRERAMMEE, fxs5ihi
RPN E AL 2 E. EERFER. A XL R SRS, 5]
A7 ) 4y X3 R e A RN 52 4 P 1AL SRS, 33 6 5245 B ) T et e 26 e 5
DA T A TS B 05 BAEBA M FL R, [RII &5 & 18 4% B0 TR AW 5 G 040 11
AR, fRER R A N R R, DU T A R AR

SCE BUEEH R M R RENLAE s MEEAR S, FRZN—DEER D, BAFEAR
FON—AndEm g, BRI BN, X, SCE Sk A FhEnT
FIRA X = K Xigoe++ X)) €6,i=12,---5, Hrfr e R", AR [H]. ¥ ILH#EA D
ST MR, BRI A— N EEE . ib&ENE S AT,
HRIR R ZE g . i — B G, W S IRBERL G I 2 R IR, %8
HILME BRI, BT L.

SCE HiE R FE n] LA R34,
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S WGtk X n4ERH AR d =[d,.d,,....d, ], ERSS5ERHEE
A% p (p2) MEBANEEHBFEALHE Am (m2n+l), MR SHH
S=pPxmo,

IR 2 AERREAR R EFATIABENL A s MEA KU X, X, X, > Al
T x WBREE f = f(x),i=1--s.

IR 3 AR HET . s MR (X, f) IR R BB T S, HES S i
M(x, f,),i=1--s, Hef<f,<-<f, dA:

A={(45. £
xS =x

i j+m(k-1) (367)

fjk = fimeey J=1m

L4 DB EREHE B DRI N p MEEIEAA, A, BIMNEGIEA
mAEAS, Hod A ={(X, )X =Xmien T = Framgey =L mk =L, p.

WIS EHEEH. #% Complex Competitive Evolution (CCE) 437l 4L 5%
MEE.

HIR 6 SEIRIREG . BHbJE KRN E ST FEARLL G B I U8R,
otz BUE | A FHES, HEFEUE 8 D, K D & mF S i R E AT E
By,

IR T bR, AR R Ak A I AR, AR B AR 4,

Horp, JBPR 5 Frdt B CCE k& SCE Bk R4 4y, 1 CCE HikHh,
BNMEETRHFEAI BRI, #HA RS 5T AR, Hri
BE R LT S, XS REAE AT AT S8 38 R B A

CCE SR AT F =M M50 A R T AN FEAMA R, DLSRIE i 55 5
PEo SCERIERE B S, RoRHBRILTS, Rl B mpEk 1. CCEH
%18 1T Nelder-Mead 75774 FAX . IXMITVERE 26 T2 & M FEAR AL B # € T O
frE, USRI ZET S IT . ANE SR AT AR B RAE &
R ) f 22 TH A, T AN 2 AN AR ) B 22 TR, IXATAS %5 AN 2B T ST b gk AL,
BN REABE BRI HAN S5 TR E S, WRIE 7 Ira F R BAG R T
B HIE B S BIR. N T R EIEMAN R, A @ AL 7
KAERTF M=, RITREFEETRERET.

—. SCEM E#E=HE

SCEM HiLZ&RT SCE Bk —Fh HiG N & /R B R SRR P R, &
TR FH ) 7R AT KA SR A5 F 5 B A 2R o A SR BUREAS , R — AR A I B 5 |
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—RBEAR TR A 9o MCMC KRR E IS D /R AT % - B RPN
F A PIA VRIS, TR R TT SR A S E 0 A 1 I i 3960 MU 2 3 4 TR
o€ BIIEHEAT 0 A o AE AR DBENL AU, P DASREI OG0 MO MEZR R, i
H JEE R BRI 5 B M = 23 A (W BE LRFIE B 25

FEHRFPRZ NG AA LT SRR (SO SAENZIt =1,
B RTARIRAS, & S (BUdFE) ERZIt > t BTk FRRES SRR % t < t, BT AR
RETEK . BEHLIL G A IX MR ARG J5 2850 - 45 e BERLIE R X (t),t e T} o iR
SMERIEEHN>3, RN <t, <---<t,,t eT,i=L-,n, {FEM X, X, €E,
Hr, E& X MIREEN, BF:

P(X (tn) S Xn| X (tl) = Xl’ T X (tn—l) = Xn—l) = P(X (tn) S Xn| X (tn—l) = Xn—l) (368)

Hrpx, e Ro IATLX (), t e T AL /R AT KIS . L/R BRI BA o 2tk
WERZHEEL RSB HUR R A R BN 5 R BER B

MCMC 773272 — P AL 358 A G vt 1n) R ) B LR AL 7 2%, ARBNE ) MCS J7
%, AEAC S AR 4EAR 53 a) @ ) DL 7 70 A SRS #5221 Hh iz A . MCMC
TR R PR A AR T

1. K MCS BAR G 1T .

E(F)= D f(X X X)POG XX ) 2 = D F O, X500+ X0) (3.69)

T BRI, ARG P(X, Xy, X, ) REEIFE] X, X5, X o
2 b — 2R IR AT O P R AT RAE, WX 2% By JR AT R BE ALY I 0 AR R
I3 A KA
R A A, Gl H MCMC J5 7% H) St A2 SR an T
LikFE— D BA A2 A i B /R W] Rk
2B A E—p X O R, R SR A R XO - X O
BRI m AL HE R n, AE—BR%f(x) KM T T

N 1 &
Ef=——-) f(X® 3.70
: n—mt:;l (x) (3.70)

MCMC EF DAESECE A, il —ANEDE R Am, DR e it
A RIF PR A E BT 20, AT L R R R OCE L, AT
(1) MCMC KFE2%, Refl i BL e S8 ) h ol S s & /s g, 9+ Hoar bl
B F I ZH X, Bk R AR B KL . SCEM HiLkHE % T SCE Hik
H St i (A =45 SR 00k BEALR R | se it . E6 P r =,
454 Metropolis-annealing SR, A %08 e 57 1E G A XU SIS, 5 B2
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M 98 2R B T AT AR
=. SCEM E%£5Ri2

SCEM HL.yEszPlim R un &l 3.5 proRiisl,

( 8 )

fN: =, =HERANE, s=HAS
Bot5: BMESHHH i Ein=s/q

A SRR A, 7 E S B AL HR
sIMEA R WHEEBN AN EREEE.
v
1% 18 = 562 AR P BB HEA s FF
TEDAFIIX LLAH
v
WG g AT B /R AT KEEFFFIS. FF B EA
Ji5 596 % A e e ) 5 0T 4

> D M A A NI B TC, K12,

RIS, k12..g > | sEMBEE |
v
BUARDHI S &

C) k=12,....q0 ¥DH %
R 3 B A P81

i
/

=

RS e T

i 3.5 SCEM HikimfernE K

SCEM SET KEAUGRENUREAS s A, AT DU SR T i b1 R g = ]
MR T3 2 4 7 et H AR A0 T REVE . R Z A IRAT 751, A5
IAS A RS R A R A S 3 g8 2 T 2, ] RAASEDIE A TR B 22 1) JR) S e
DX, TR A AATTRE s 32 A R e SR I W 1 51 S IS B R R A B
E A B DR BE g SRR AL RS R & — P SR R B f5 E . W R SR
AL BEASTAT P S AL 115 BAE R AL, TRAEREAN P SIS B BR 205
Kk SCEM J2& —Ff HAT Bt 8 R M (1) MCMC SRAE 2%, BEUE [ S 408 R AR (g AAT
ROBHEAT o
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M. SEM izibEE

SCEM B3 (1) R B0 43 2 8 B 1 b () 7 A1 Ak 59 (Sequence Evolution
Metropolis, f#iFR SEMIPD, iZEEE RS A C HRIER, N—AE &M
REER Iy A v AR RAFAT R 51 S I 2T . SEM F SRR RE WL 3.6

HB1: MSCEMIE N B & TECHIFEAT I 51S
B2 WEL, MLUELLEIT, e,
SIE3. TG p>L
T 5 96 5% B THF B R HESICY . iR CH P A g 252k, %E T
51 SH 4 /T A90%
B3 HECHmAS S S SR E PR A Rm A ST 38 S SRR R
JE L AB o
B®32: AER O
Rk <1
(7,{1+I ):N(e(t)’cnlzk)
ZB MO V=N e,225)
45 3R Wy
HIE33: SRR B p(0)y)
ﬁﬂ%@‘””e @
50" )y)
B pe"y)=0
SE TR
B34 iFEEERQ= p(0" W) p@©y), FFEXE[0,1]F 50 4 A
P RIBENL L Z;
R z=Q
B2t nER
?l:"\‘)n\uH(v 1):9(11
48 5
B35 KO VIMANCEAT SIS, SO AR S S R SR
06 W 2 2% i LU Al TS
WERCE<T I Hp@" p)<p(C.5y)
FHOU DEARC T i B AR 5
75 ) FH 0 VU Co e i e 2 05
48 5 e
Wmp=p+1
SEREI
#$ 4. [ EISCEMER

K 3.6 SEM HikimfE s =K

FE SEM SiErh, SRH B & N 2 4E IR R ML o A R A ik s . 125
MR AP RAE S T TP SRR AU IME,; Wy ZRE S E SRk m g
HIEE SRS B SRTTT, 458 KNS iR e mAS AR, 2 e S R
JE R EHE /N TR R R AT K B m A R L (R I, SRR A (1 3]
SR I e B B S B R A B A B o M4 81 T DR S i T )R
g AR, AT R 5038 1 4 ) B 58 S I

PRI R R R 2, FR T EAZE R R MR A, IR

46



%3 E RABERGAEL RSP ISR 208 L R e

Metropolis-annealing #EN], ZiE 1% s A& 5 MIZMA 4 E5TF5H . &5, SEM &
PAGH BT AT P — S U . Ik s, oYY AR E A
T H B R R

SR i S R s, 00 AZNBURE G TE K B 1 S %, 0% f5
IONER B B L AT ki 2 I s MR 2 B . DR, 2 T B e 1)
FAHORN, AR NEHEHEBMEN T ZCERKT, UETEAEKT
PiE — e G IRARME R 0 5, i, BB ATk PRz S #, AR5
W8T HARREER 531

AUESE MCMC SKAESS AL, SCEM S22 —Fh H G M KRR 8, B HI%E
o W22 43 AT 1 3 B8 0 7 2 0 A2 B8 e 1) s A 1) g SR R o ) SRR A3 IR 3R AT T
(1. [ i), SCEM iR H 1 18 B 1) e B2 434 7= AR (1) 7 91 7 & S T & K7 51 o
SRAE A5 RE 2 1= A2 A E AR EEE A A% O MEZE AR R R AR

SCEM 5 SCE HIEAEM A7 A i AN . 25—, SCEM 5% K H Metropolis-
annealing 5% =4 FX, T SCE Bk B4ttt F il /7%, XA SCEM HikRe
s 7 RO S 25 T ) B — RS A . 55 ., SCEM BRI H B E &t —E k0
NENEETE, TR AN )8 4 i 2 R e 1 2R PR e 2 2 FE X
X RURIE T SCEM SR N Rl e AL, 1508 2 e % 50 PRI Sl T Ao RS 70 A1

B CSUEN

SCEM 5K GR SN, B Gelman F1 Rubin!37 B84 H i N 3= 22
A By JR AT R R B R AT R IR S = T SRR 2

X q 2 TAT ISR REE, 3 g NERBERBERITEA XKL, B Na st
IRA] REESHER T 22, W NS SEENTTZIBME, WA

Jor- [971,9+1B (3.71)
g qgWw

SR BEET 1 B, DR ATREEREE TUsk. 7, KSR R
F| 1, Gelman F1 Rubin ZHCSHUE N T 1.2, AN DR T bk DL 2RI SR 22 10
2R A1

3.3 BERIENRNRRRZGRENREMRBIMULEITES

BEXT 3.3 HT 0 25 R A RAUBUE RGN 2 B G L T ERERY)
BT T7ik, ATIEM T HARRS =R K 10 2R B RN A A,
MTT I P R i T2 R R AU 28 3R G R DR AT 28OV PR A A P AT 491 4 A
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SIIE, EId 5SRO R G RAT X L, UL )R R R AU
RGN AT K YE BRI N RABE RGHXS . SiiiRm
PRI e T5 %

331 HEEFHNEKRER

BEESE R 2 tH 0 AR B S5 M 2B R 1) — > 10 JZ TR B BUER S5 A1), 1% 285 1)
FEHRAE R T Z R TCIR S E 52, REE &S T HRS S, A YRS
Z. GERTEANE Bk 3.7 KR 3.2 s, EMMEA RSN 0.02, AT
I IR RS S 5 RS 3.3 BUE TR W B R N 8 B

(0.3g), HiEMEIELNSEON: o, =15.0rad/s, & =0.6, @ =15radls,
£ =06

o w 10"
kioCio
Nig |—'_?EME_I_I ()’/1
/\'9 Co
nig I_%I 8”7
/"8 Cg
n |—%’ 7//7
/\'7 C7
Mg 6™
/‘6 C6 @ | <th
ms 5
—— > /\'5 Cs

iy 4t

nms [ ] 3

ks cs I_EDM:'—_I

o [ y 27

4000@9

2 €2
my o 3 1%

6000

A
v

64006

3.7 FEMEL K. HARRE 2 10 2 REERINE
RkE 3.2 AR HAAE RS

=z JFE M (ton) IEEK,; (KN/m) | 22 (m)
10 875.4 158550 4

9 649.5 180110 4

8 656.2 220250 4

7 660.2 244790 4

6 667.2 291890 4

5 670.1 306160 4

4 675.7 328260 4
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3 680.0 383020 4
2 681.6 383550 4
1 699.9 279960 6
Tk 3.3 SiHAIRE MRS R ES 5 R
JA () W @ (rad/s) | BESRES SR
1 2.012 3.121 0.820
2 0.758 8.285 0.114
3 0.462 13.593 0.037

3.3.2 EELMVIE S

AT, W BIRAGEEME LA R AT =B IR A 3.8 Fr.

o TS G RS " =R

8 8 8

6 6 6

4 4 4

2 2 2

=17 1 %3 0 05 95 0 0.5

K3.8 —fr. B =P rR

MRIEZAS 3.3 HEBLS R E S S RO, FEAESEA I — B 20 i o (1
MK, BERES S RY0ET] 82%. AVILHCE ZRN RAME RG T3
LR ) 22 E e, AT R A R S UBUA R GO I RCR s 1k
I e MBI 5 5 1A AR GG B RT AR HoR R (AT A T 5 (AL,
FEQIE i RE , AR LA HAT A R R & 1 4 &R AR R GRS A
) 2 2 1 SIS T SRATH R L 5 1020 B 5 1502 2 G B 4 45 1) R P 003 e et )
2RI

FEXTEL AN RO, B 2220 H 2% 8 AN R R HU s 2 LR s SNV A R 48, IR
G2 EH PSR, B 3.9 R T T IR R B R
H—A B, H— REON:

md

1¢T MS l¢
B3.9 (a) ) x SIERALMI R BUR RGN LRI B, y HR AL A T2 (10 i

(3.72)
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JZ, z BFRoRES R RS R AME R At [ERERENE, 23
FLRIBWON— IR B (MR R A —FRE 61D, R LAY & B =
IR S, B — M TR, B, £YEairns, R E
N B39 (b) st 17y A IREEII RN T 155 B R R A A RS
BB AR A AR L

MRIER 3.9 nIKk1, EARIR BOES R ZAO GO0 T, 6l ] b i Rl PR ASdK
B L o 31X 1 2 T RMEE R R)Z 2 e T AL 2, BRI — B 2e
N, RZE AR . 4R A EAR R, B 2 B g, —Fr
BSAR L B2 8n o F R s A AR e ] i, W) 3RAS 0 o KA — 4k — B
RRAST LY 0.462, ILINESHAHZEEEN 10 )2, BIERGZEIEATE.
FLETEARIE & R — KR BRI, HAB BT EE AR AR 5 B AR BT ARARIE . — KR
B RABUE RGP RERAE KT — BB S BUs EE oy 0.455, /T By
MALRIRIITEE . B 3.9 (o) il T B RS — R B S 2 AR X
PR o L 228, ZE (B AR BRI K, R — RSB b= X, —
PR B IR BL 2R AT ARy — ot T e L4 R AR B 2L A

>
‘%%‘4' '.

(b) —IRAEIEIR

(c) Ttk 2=
K] 3.9 H—4b—M RS0 L
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333 BERIENRNRZRGMNMMHILIT

M TG i, AT AR RIS R X T BhRdRE Wi S, KR
HBEE T iy =0), BB RFLETHE jy=10) B a] PSR & IR A R
GER R, ik, 15K 3.10 (a) Fionff) CASE A 23 . fT—
IR R R B TARAB B AT BAATT SR I 222 (4, 8] 3.10 (b) Frzs i) CASE B [A]
FEAE A — R R B AR T 2. B 3.10 (o) 7~ T H FIH A2 18] 22 285 15
RERGATEBA. B 3.10 (o) HIRE RGN =4, REIEE RS IIFIZE,
PLAIE AR B s .

EX%F CASE A, HARAL I RIE S HE X (3.65), 7] LLFRIEN:

find y={m,,cy,@,,dy,d;,d,,---dg}
to minimize  J.(y) (3.73)
subject to Y < Viarget
_ 3.121

i 1-u

g

> (d;)<38.4

d,>0 ie{04...,9)

HREHLRILIRA)— IR R B BE,  CASE B ALK faifb 9 :

find y={my,c,, o}
to minimize  J,(y) (3.74)
subject to 7 £ Viager
o, = 3.121
1-u
FREZ MR RGN e o, CASE C BIRALTTRIEN:
find y= {md,l’ Mgz My 3 Cy15 Cy 20 Caas a)d}
to minimize  J.(y) (3.75)
subject to 7 < Vtarget
3121
TS 1M

Fr, m,, My, My, 4 AL R TR C,1,Cap Oy N = LIS B 55
FORLE B8 0T =M RS B ARIRIREL e VIR N 0.5
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(a) CASEA (b) CASE B (c) CASEC
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4<—
S
—

KA SCEM 52565 CASE A Bt B ILA a) #(3.73) 34T Kk i, 11 3.11 7~
7 CASEA H I ZTEARMARAIE AR L 45 R - SCEM ks Zo¥ H R I AR 54
ZHUE T B B PR MEZE 73 AT, 0 NIRRT — AN INRTE L, ARG
N, FER TR BT T e A LA B AR 2B/ o RN, [ 3,11 ot 18Xt
R RICIRSEAESR E M A T RBUHERIACE . BT IREZRER, &I
PR AL R Z FIH R B AR T AR 2 R O, R, AETIZ B7K-F [ 452
AR . BT B4R S T FE W B 3R v FE I PR, e LR R 5 A 5
B i Rk B a7 A (R 9 38.4m) . CASE A A RGN AL FE
Jeesith 2 aniE 3.12 Fron. M SR (Sequences Reduction factor) U8k il 28 m] 41,
VSR IIEUEAR T 1.2, TR AHHE ) TR 51 . 2 R G5
T, e REINARER] TN &I £1%F CASEB Hl CASE C
PRI H R, AT g—RiE, VR 1EH SCEM Fikdt TR g, HrESIve 7 Zxt
R LAK T REAE D fif B (ARAL S HUD, SRIBATRED), &4 BEAC 7 I
I LRI IR E L. CASE B #1 CASE C S Ht Ak i B B e84 h 2643 5l
RTE 3.3 KB 314 28, SR FEEAEH AR SR T 1.2, RN R
HRBEREE AU
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(c) MRMALRE
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(d) SR Wi Sh i &

K 3.12 CASE A 1 2G5 B AE S e St 25

CASE A, CASE B 1 CASE C HAERGIIRME, IS RELAZE

RS RN BT HH 3.4 T,
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(a) RMPERMITFE (b) FHJE RBLALILRE
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Element of Markov Chain-Sequences AR R7€ x10*
(c) MiFEARAITFE (d) SR WSt &
K 3.14 CASE C & R4S 1AL I RE A IS 28
##% 3.4 CASEA. CASE B }z CASE C ik 2%k
Wit 1A R % m, (kg) Cq (kNJs) | @y (radss) | Ky (kN/m)
CASE A hEAME RS 675873.433 1309.927 3.285 7291.589
CASEB WRARE RS 704861.882 1310.365 3.295 14226.664
CASEC JZ R R 55-1 2958281.014 | 8095.910 3.287 31965.792
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FEHMRERG-2 3038661.708 | 4993.102 32834.348
FEHRE R S-3 2766444769 | 3329.748 29892.900

otk 3.4 MRS HL R, FEMFEE HREIRIE (rppq =0.5) BREIT,
B RZAME RGN EON 14, i/ CASE C H Tl i — %2 [a115
BRAGNEHANEL H&, CASEA 5 CASEC Fik s K242 0 &AL 2
AL Z R RGN 5T CASEA Tis, EWFEESIE ZE0 5N
CASE C Hi/NSH011) 24.43% % 39.34%; T CASEB M5, KMAESMHE
R2H 5N CASE C Wi /NBHK) 25.48% K 39.35%, RILH T EHR &AM
BRGAESHTE R EBRL, RFEER R PR RG T LEEX TIRE RS
PR BT, X CASEA 5 CASEB AJ %1, R4 CASEB HIHi 2R F&
BHAT R TR %, (B SRMHZIZIRK CASEA ML, HAESHTF K FIF
AR FEWIN, HRUWPTET K MHE R K709 CASE A 1] 104.29%A
100.03%. £, EBRERFRIMHBEIH, BLERERNEENRR{NE R
gt ] DM A B S R TR 125 2 28 R AR 28 R ot B AR 45 i 3 AT DR A% 1 o

334 BERINRNIRRZGHAIIMEEIE

NT IR S 6t Ll 2 AR 2R U R A ISR, B @ A R AT R
HEr T USRI T B 2 A e R AT B o 8 R (3. 15) A v PR N T B A -
X, = X&' 25 Ky 5 P RIS x = Xe™ BTE R, i A(3.15) T 15

(-Mo” +ioC+K) X =-Mre’X, (3.76)

Pl S50 R2 x R X S3 s s iEAE X, i EE W] DL T 5 SO
PR, O T SR SN S R SR R AS 5 B AR 2 TR (oK & AT T SR )
(02 Ebom TR VR A ETL TSR

X

- (3.77)

FRF(CO):‘ "M +ioC+K

_‘ TMr? ‘

0

U] R 2
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(a)  JCPREEE AR R 25
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WA (JRUR45H)), CASE A. CASE B J2 CASE C X M 5245 45 K i)
i, FHJE, WIFEREREH A Z(3.77) B AT SRAFAE B 450 Hh AL 5 RIS o A SS Y
JE LR NS T HO T A A2 e i 2. B 3.15 (a) s T S AR EAEBURR Ry
To A — M A Ee 1 28 10 £5 50 BBl P s R i it 2 . AN TG 428 245 44 f it 25
AR, S5 BAE — B AR B I e B B R, AR SR (R A BR HROER AT B KB, 7E =T
25 B PRAZE P T A 7 AR — 8 IR CR, RN T — M. — 2 1)
i) R 5 T HA R, X2 T AR R E m K. TR, S5 DY J2 i A pRy
HAAIRTEL K . B 3.15 (b) - () [FIFERH T & WTE 7 5T ()52 45 45 14 S ek
sk, LA ERARE M KZE CGEIUZE) A, CASEA, CASEB K&
CASE C ff4iima th 251 3.15 (e) Fim. MEH AT LIS R, 2546 i —Firie S A
RiEdl, CASE A, CASE B J CASE C FrtRi i) — B S es $ 0 A8 20 5 A 16
AR 21.7%, 22.09% 5% 21.83%. 17 RGUH G B4 — PR, S5H7ETR
A A2 BRI e S TP AN 32 5 o R B 2 LR R AR A R AT IR A R R
MR N T RZAEMRAE R4 (110 FIfEHADNEO, HERHEHIMIR S — K= H
ARG LT —E

BE—2D ), BRI AR AR BT ) P-C S BE LIS T 25 A4 25 7 {f e o i3k
IR HT . B 3.16 sl T Wi % (CASE A, CASE B, CASE C) FITh} B2
P77 (R Lo P A £ ) R AR R R B TR LR 0.5 B B AR IR AR . R th
LFINTAR G Z RIS 3 E R . 5 FR A s A — 212, B2
(= EALRE K. B 3.16 (a) HoR B =Fhsrt 77 22 BRI i AR J L =
A, B IRBE Z A E H AR H8OR . SR T S RT3 i
3.16 (b) PR, M T K 3.5, CASEA 7EFTA ¥t 7 &b K Fs) )y &
/N, CASE A W1 KK 1451 734379 CASE Bl CASE C S KK T4 il 711
38.06%7#1 32.66%. CASE B 55 CASE C HI/K-F4H I4HY, Hi TH RN —IKEK
IR, FECASE B F R NIE RGN TZE P2 A K6 1. 6 LhRas
3.5 I ZEEY I TR, BT RE RGNS, FREES T RN,
BAEH T HIZ 8 73 K &%, CASE A, CASE B 1 CASE C fif KJZ 0] 8/
I3 WINTCIE S5 1) B K2 R BY JTH 53.43%,53.06% 41 52.06%

kg 3.5 FBHTT SREENLIERN T WKz ) )2 1818 7

B K] F1(kN) JZIA]BY 73(kN)

JZ | CASEA | CASEB | CASEC | CASEA | CASEB | CASEC Ttz

10 | 51540 | 1412.84 | 836.20 2689.17 | 2506.53 | 2480.91 4839.08

9 | 53775 0.00 1263.39 | 4235.72 | 4053.19 | 4072.48 8070.87
144.20 0.00 1456.00 | 5569.09 | 5395.47 | 5465.93 | 10948.26
123.67 0.00 1646.02 | 673890 | 6605.15 6667.23 | 13514.81

58




%3 E RABERGAEL RSP ISR 208 L R e

6 41.70 0.00 1486.65 7830.88 7719.32 7732.06 15782.95
5 58.61 0.00 1601.43 8842.89 8760.12 8746.80 17763.31
4 202.04 0.00 1646.30 9718.24 9719.06 9716.63 19438.96
3 207.15 0.00 1137.51 10666.61 10582.09 10608.63 20792.23
2 178.86 0.00 1195.50 11354.77 11341.55 11355.92 21838.22
1 168.85 0.00 1646.34 12053.35 11972.05 11744.57 22561.18
——O— CASEA —8—CASEC
—¥— CASEB -r----- - Uncontrolled
40r I CASE A
40 I CASE C |
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. Hir
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10 12 CASEB |
8 Y
5¢
3
0 1 i 1 1 3 | : h
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Kl 3.16 45 it S BEALERL N b

BP0, WL B TR AT 0 e 45 G5 A IV 2 DR A A AT A R I B
FEE X =AU TT o T A MR RIRCR, RS RS BEJE 3ROSR BEAT R EE
B IR 53 B B R BB N R B0 5. — 2R AT S P-C B VERIA e s, 2%
N THUR B e Bk R R il sx . HEREMAEWE 3.17 Fix, WAENTHUE
Woahisd EQSignal £ AR AL B s B2 5 S B ARFAIE A BT e g 0.558), TLok
o Bl & F Rk B OK P H R b 0 PEER [ H HR E
(http://peer.berkeley.edu/nga). P4k N T H0FE I ih -5 o 5% 7% B0 508 i ok B2
S5 ST NI R 1 28 G B 3.18 Sz 18] 3.20 s

ok 3.6 RAME S RIEAE B

ZFE | RSN | 4y | ZUREE B I3
NWI1 12 1952 | 7.36 Kern County LA - Hollywood Stor FF
Nw2 | 138 | 1978 | 7.35 Tabas, Iran Boshrooyeh
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NW3 | 1768 | 1999 | 7.13 Hector Mine Barstow
NW4 | 1838 | 1999 | 7.13 Hector Mine Whitewater Trout Farm
NWS5 | 6896 | 2010 | 7.00 Darfield New Zealand DORC
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CASE C MR R G042 35 57 2 N RIS 2 RGO T 2 AR A ¥ T E&KED
MR N RE 2R, 3.21 Fim. 252 AR N3 5 BT B TR 3.7,
MNEE DY 2 1 J2 A A B i B b e] DU HE AR €8 e RS 1383 N, CASEA, CASEB
F CASE C = M52 R G023 7 X4 fma B il 4 2%, HAERFE B BoR
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CASE A

CASE B

CASE C

............... Uncontrolled

0.05

1% (m)
(e

0 10 20 30 40 50 60 70 80 90 100
R TE] (s)

K3.21 SBIUZEE RS AR N, (oL A EEA)

W R 3.7 HE AR B35 7 E AT LAt 5 4b CASE A, CASE B K&
CASE C 377 i EL 23 51N 0.4963, 0.4970 K 0.4955, ¥1/NTF-¥5E i) H AR 77
AR 0.5,

Tkt 3.7 % BRI A (Tl At e

2 Tz CASE A CASE B CASE C
JZ xo,i (m) xi (m) xi (m) xi (m)
10 0.0109 0.0066 0.0066 0.0060
9 0.0158 0.0089 0.0088 0.0084
8 0.0173 0.0092 0.0092 0.0090
7 0.0191 0.0098 0.0098 0.0096
6 0.0185 0.0093 0.0093 0.0092
5 0.0198 0.0099 0.0099 0.0097
4 0.0201 0.0100 0.0100 0.0100
3 0.0184 0.0093 0.0094 0.0093
2 0.0192 0.0098 0.0098 0.0099
1 0.0271 0.0141 0.0142 0.0137

B 3.22 sy TR G R A URD T 1 it T SR R gt S Te
PRI RN o [ PR 2L SN B JE TR AR Wi N, 0 R 2R M 1B 28 Gt A Sh 57
¥ CEETFERROAEER)D, ATBEN, =Ffiatrs T, BEentrbis
BIREERGRIRINELRE , XA RS S — ML RGMHILR B ZE LS, i@
U R R, SR E oA KON R T, Tk B BERIHOR, FERESR
IR0 B FH e e A2 I AR U5 5 U7 2R GeAi A% N RE 2 U5 (B R PR AR AT DASR
TSI L PR 14 24 2 580 ST 1 3.22 7 s YIS R Kt 7T PATHSE45 Y CASE A, CASE
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B % CASE C X B[ IHE R0 R 500 N 1.5426, 1.5254, 1.7391.

2k 1 a4 [—mRa#s - - -mERg]
= I |
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02t
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02t
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(b) CASE B
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R e A
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(b) CASE C (ZEPUE)
Kl 3.22 1A RS L oA N RE A B (T A B E S )

N 2 S ah ANt e ahic S (O RE e raf SR an sl 3.23 from. &% Lot

(12 RIS A 25077 B R L S 38 RCR B0 8 T 36 8% 3.8 .

Fekt 3.8 JRIAMNLRS 1 347 (ELIBAIR L R 08 2 2R B0 A

T JRIERERS 135 J7 fE I b UL ES

CASEA | CASEB | CASEC | CASEA | CASEB | CASEC
AW1 | 05512 0.5503 0.5477 1.5214 1.5109 1.5393
AW2 | 04892 | 04920 | 04912 1.5278 1.5109 1.5749
NW1 | 0.4351 0.4307 0.4365 1.5061 1.5021 1.5691
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NW2 | 0.5623 0.5695 0.5598 1.5099 1.4846 1.6496
NW3 | 0.3682 0.3654 0.3610 1.6337 1.6273 1.8081
NW4 | 0.3898 0.3876 0.3790 1.5591 1.5404 1.5771
NW5 | 03117 0.3106 0.3052 1.6284 1.6159 1.8161
¥IME | 0.4439 0.4437 0.4401 1.5552 1.5417 1.6477
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{EE M THIE 3 A FTHE IURD %, = Aye™™, TIEE I RIAZSIA A X = { X, e,
ANAR(E )45
(~0°M, + joC, + K, ){X,} = -MrA, (4.6)
Horb, A o RN RIMEAE SRR, (X} JvaE R AR B IR AE ) . 24
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Gt (IR IR 2 RO

4 AR 1 LR SR F b R DR AIR A A B i 1) A DA s 20 PR R

L i) AL
5. A SCEM SEE A SR R ABUAE R G HIR M R,  FHJE SOR R 2t
TSR A

6. FT AR S AR T A ML RE
PR IR R GE M 2 BS SR  BTHAURE B a0 ] 4.4 Fros, S5k i BORE T

71



AR 2 S Fr RAMUR RGN TERE M S I AT BT

BEHLH R S AR J2 SCEM % R 5 = JakAT 1 AR, A = A HESEE .

(ot ! | crammsan ||
L ¥ )

I‘
v 4
N . RAERESBUREL MR ED
T 7€ £ A0 75 B | AR S S e s e ey
ol e WTE M R G
l ]
2 e
T 2o = A &
VI E SR A R G0 R ISR 4 R % .2 4R )
FA L FEH AR F A KRG B bR A | -
= e
v i,
RIFVEAL IR S
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Tk 42 AREIRE RS ES S R

J& 1(s) W @, (rads) | BERES S AN
1 3.705 1.696 0.766
2 1.412 4.450 0.119
3 0.863 7.282 0.047
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5 0.482 13.030 0.0129
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CASE B
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2 4450 | 0.053 3 4541 | 0.052
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0 Y ‘ el J
*&\‘ " ) LA H -
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0 10 20 30 40 50 60 70 80 90 100
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(b) 55—+ 245 s
4.15 A5t A 7 BURD T RS AR e 8
R 4.5 JK 2R R EIC S (Lt s )
JZ (8157 % (m) 20 5% INIE B (m/s2)
M2 Tz CASEA | CASEB Tz CASEA | CASEB
20 0.0018 0.0014 0.0016 1.0990 0.8342 0.5706
19 0.0029 0.0021 0.0018 1.0017 0.7162 0.5761
18 0.0036 0.0020 0.0020 0.9030 0.6000 0.6133
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9 0.0044 0.0021 0.0027 0.6727 0.5590 0.5359
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PERE, IEEEREH GNPUEMERE, £ EAZEZE/)NZERZE T 84, it 56
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el iz N T &M TAEMIUE 2, RABERMIELME S irae /), HlTm
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THREN, X5 Y [ B RGTINIRE k5 SO JE R B 75 2 (862 7% 2 18] (i B
1B

ki =— (5.1)

b, R NEHREET T, o NEi RIS
K 5.5 SHIBESRIEZERER

M2 i & (kg) X 77 172 55 W BE (KN/m) Y 77 1A) JZ 55 2 NI FE (KN/m)
32 439675.80 155441.57 143327.78
4 341837.00 393625.88 334476.13
52 329122.40 308033.51 276191.21
6 JZ 325982.40 275713.75 244125.72
72 319381.40 268593.38 218483.72
8 )2 316817.40 255232.26 184945.44
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53 NENRERGERENEL

N T £ OpenSees F1SCHLA R AE RGMIIRIER], BATE FRIEHL R
TRAE RGN, XA BT 25 R A E RS L EAFEBE RGNALR
SCHEMA LR 7 o 1BVA R GRS EAZ DAL T BUA e IR IR SEB, S0 S04
HIEAEAZ OAE TR R SO SE L, R SCREET A TR MR SE L. BRI
FESTPR I SCBUMR U T PRARIEL A, JFA BB S X A A R D 06

5.3.1 BB IJTHTE OpenSees FHIZRIF

A TTIE S — AR T AN R RN TRRE L5 R IE L S LA G, A
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f(t)=m, (0, (t)-u,(t))=m,-,(t) (5.2)
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UVREZEIE
TERPRHZ T 7) B AR 56 23 5T BARIE -
o(t)=m,-&(t) (5.3)
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Hr, o NMEHAIR T, e NMBHNAS . RZET0RISEI, 7B —Fh A8 At
BIEAY, HARM R K@M RN ) o KRR AR ER & RN B e A R}HZ T
AL FKik.

82| OpenSees H AT AR5 AL B HHOCTY Gl BEAH G BY, D T SEIRLAG
U, AT DAL A B R AR B AL, R R B AR, R AR
NN AR AN N AR RARAY ZE . Reza Mirza Hessabil'®142 H ] Newmark-Beta 72
BEE IR FE FIAILE, 45 H OpenSees H 5L gyromass damper [FJ5: A B . 2%
X — %, RS O SR 3R AR A ZR AR W] LA AR A

ia = &+ (1= Vo )AL & + (7onAL) &, (5.4)
£y = & + A +[ (05— B, ) A |& +( B, AL )&, (5.5)

SR ACABUYRT LIS, 2,4, 4 00 SR F (0S8, WA S R AR S AR Lo,
Euprbyns B T F— BN, SRS AR,y T AR AL
BRFER, WRAIEERARTUZE R

Ag=¢&,,-¢ (5.6)
Ag =&, ¢ (5.7)
A& =&, ¢ (5.8)

W 20(5.6),(5.7),(5.8) 1 NZ(5.4)FI(5.5) AT LUK M 45 51 3 A8 S 1 B Ag, e Wi AR
AR B AE HIFRIE R

Aé = (y—m AtjAgi - [7—"1} & +At (1— 7—"*] g (5.9)
ﬁnm ﬂnm Zﬁnm

Aéi:( 1 Atszgi—( L At}g‘imt[ L ]g (5.10)
ﬂnm ﬁnm zﬁnm

— MR, R o M PR A e R U B, R, R SEBAR S oo
FIA R (BRAEMELD 8 N OpenSees 1) UniaxialMaterial FIYRAEZS . %M B
HISkSCAF (InerterMaterial.h) 58 X HIZEUP 5.6 Fizn .
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lass InerterMaterial : public UniaxialMaterial

~ 0

public:
InerterMaterial (int tag, double C, double Alpha, double minVel = 1.0e-11);
InerterMaterial () ;
~InerterMaterial () ;
const char *getClassType(void) const {return "InerterMaterial"};

int newmark(double gama, double beta, double dt, double trialStrain, double
commitStrain, Double &trialStrainRate, double commitStrainRate, double &trialAccel,
double commitAccel) ;//Newmar kTl inige i i 4% i ef 5L

class Domain;

protected:

private:
double trialStrain = 0.0;// F—HHINEE
double trialStrainRate = 0.0;// F—#HHNEZE
double trialAccel = 0.0;//F—SHIMNERFLE
double trialStress = 0.0;//F—3HNA
double C = 0.0;//MEMERMFEESE
double currentTime = 0.0;// F—3HIEf[E]
double commitStrain = 0.0;//X—FHINE
double commitStrainRate = 0.0;//X—BHINAER
double commitAccel = 0.0;//X—SHINERTHE
double commitStress = 0.0;//X—FHHIN N
double commitTime=0.0; //iX—3 Kk} [a]
double Alpha = 0.0;
double minVel = 0.0;
double dt = 0.0;//iHLK

}i

5.6 InerterMaterial.h " PR S AR S H5E X

int InerterMaterial::setTrialStrain(double strain, double strainRate)
{
currentTime = ops_TheActiveDomain -> getCurrentTime ();//3R7#8 F—H I A
dt = currentTime - commitTime;//it&itHEK
trialStrain = strain;//EXMNAE
newmark(0.5, 0.25, dt, trialStrain, commitStrain, trialStrainRate,
commitStrainRate, trialAccel, commitAccel);//iHENAERALR
trialStress = C * trialAccel;//wER
return 0;

}

int InerterMaterial::newmark(double gama, double beta, double dt, double trialStrain,
double commitStrain, double &trialStrainRate, double commitStrainRate, double
&trialAccel, double commitAccel)
{

double dDis, dVel, dAccel = 0;//WIRILRIACHEE, RN R AR AL Z 0 &

dDis = trialStrain - commitStrain;//itHNAEKE

dvel = gama * dDis / (beta * dt) - gama * commitStrainRate / beta + commitAccel
* dt * (1 - gama / (2 * beta));//iHEHNEREE

dAccel = dDis / (beta * pow(dt, 2)) - commitStrainRate / (beta * dt) -
comnitAccel / (2 * beta);//iWHNARTARNE

trialStrainRate = commitStrainRate + dvel;//itHMAFZR

trialAccel = commitAccel + dAccel;//iFHMNAERALER

return 0;

}
double InerterMaterial::getDampTangent (void)
{
double dt;
currentTime = ops_TheActiveDomain->getCurrentTime ();//3kfE F—S RNt A
dt = currentTime - commitTime;//THEitHLK
return 2 * C / dt;//REIMHETIZ
}

] 5.7 InerterMaterial.cpp 7 < #4) S EA (1) JE AR B 4
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