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Synopsis

The Maxwell model is used to understand the realistic effectiveness of vibration reduction in
building structures. The model consists of a dashpot and spring in series. The dashpot and
spring represent a viscous damper and joint between the damper and the structural frame,
respectively. To examine the effect of the joint spring, pole allocation is applied to a structural
system wherein the Maxwell model is incorporated into an S-DOF damped model. The
introduced closed-form expression describes the relationships between the target structural
damping ratio, damper capacity, and joint spring. The model constrains the control
effectiveness using damper parameters, and suggests an optimal and realistic joint spring for
the damper. Pole allocation is also applied to an M-DOF damped structural system employing
multiple Maxwell models. The newly proposed optimized joint spring could easily control the
additional damping effect on the M-DOF system. The optimization scheme is more useful in
the preliminary design stage than the previous numerical optimizations. This study extends the

mathematical equation governing the building vibrations to the Maxwell model.

F—"T— R, MaxwellE7 /b, #—RBLAR, MRECE, HbEs o %, ) 5
Keywords: building, Maxwell model, unified understanding, pole allocation, viscous damper,

control effect

1. IEFL®HIC

W) DO PR T HIAE 2 48 D RS VE S L K, EREIE A
WICHEAHEMEZN L TRV, L0HE
B 7RI R & BT 2 7o DT, ¥ R A
MEZEnNENRKE\ATLHX vy 2Ry b eidnzEd
2B 72 Maxwell & T VS M EIZ 72 B (Soong and
Dargush, 1997) . MaxwellET /L& X v v oy b &
XAl FNELE X 41TV HKelvin— Voigtll £ 7 /L

(LF, VoigtET V) L4 s L, ETADEMH
FEEUEM L, RBEBARAF IS N L T2 F1k
IR A& < 72 DIRBVBMNFIET D, BEDOMEED

5, Maxwell5E 7 /L & B £ 7 VAT AIA A TEBRIZIE,
T A =2 DI CIZBLEL I LER S D
Voigt® 7L D 7 % 8 L W RIS S T 7
bk DEEIEAR T & o 7R RIZIE, Maxwell €7 /L %13
IFEM 7R VoigtE T WVICE X i x D5 FIEOREL, E
M EOBENLEBETH- 72 (AHH, 2000 ; %I -
KHE, 2001 ; 463 - Kfg, 2004) . EHMRETY
V7 OFKEIZIX, T— RE X RV XL (Chang et al.,
1995 ; Fu and Kasai, 1998 ; Palmeri ef al., 2003 ; Soong
and Dargush, 1997 ; Zambranoet et al., 1996) , &
FIFEFLE (Oueral, 2007) , & HIZIXERH TR
2 DWMEIADFEE (Lietal, 2018) bIAL & F



na.

ZD—J77C, MaxwellE 7 /L % WA I A RATT C L
B ORELINLTWS., EFMELD I
TV T RN TRZICENT D E 0O IREEEA
THE, NBPERT2E8AOHETRIATEDL LD
W2, BEMAKE T O E B ERE BN S ST,
REZI B IS ERAT 21T Z &N TED (A D, 1994 ;
G HE S, 1994 ; Hatada e al., 2000) . Z OfEHIEIL,
Maxwell 2 # & B b > — i bMaxwell & 7 /W LR
ENTW2 (EfE- S H, 1998) . 215 1E, Maxwell

ETNE NN S EHPRBENTIEIC RS> TND.

Maxwell &7 VR OWELEL G %, W) O IR T KK
ZAR S REVE S L DRSS o %2 TIE, Voigt
ETFINTH U NRERBE LA L T, ZEM
BUONDMICERLTWS., TOEKRKMEIL, 1
BEARET NI DB UMK SN TEITHRS
T3,

FREC & 5% VE R RIEBEREYET VICHEM Lz
e (4 - A, 2005) TiE, KBERY VKR
DIFAE & BT 2 DA IEE R OEIT HH G »
HLMNCENTWAS., ZOHLIE, 704 iERH
A X MBI CHLEM T N TV D (IR,
2011 ; Matsuda, 2012) . WO L% B U =A%
(Yamada, 2008) <CTi%, B#MIMEICx3 2 &2 <8
B OXROE (BUF, WIME) kv, HEAF
ERFEINTWD. WIS NIWEAIE,
IMEERERKRICTDE VARERBMGFAETL L
BRI MR I N TV D, JHERA K EWEAITIE,
OB I Z 6N BOD, XU "B R&ERN%
BT 520, WIEEICIZE T E RN D B SN e
FENTVWD., LOLARRL, WTFROXTS,
FELA[HE 72 /R T A — X HEIR TRk + BRI
TV, FIZIE, BIMEEIZ045RE £ TABEN &
WO RN H D (55JF - KHEE, 2001) . HdEe & v
SNERT, EREEMET LOESBEGRICESNT
bFgashTnd (BH 5, 2008) . &2 Tl &
Y EBIREN T — FOBWBELICKIEFTH U ARFRBROY
BRER I TWARY, MEEECT TICHEIN
TWekil7e 4 v BB L OBBEAEHE I T
WV, EW O BENE I TV,

Z o RORETIE, ZEEARET VDD DFH
BHHIREIN TV D, S R OIEE R %
Maxwell €7 /L CHRI L, Aftk FiEEANWTH o8

DRE AL E R /T A — Z 2457252 (Singh et al.,

2003) TiE, ZEERRE BlIE, ~—R TR,
BN, ZBEOMEE) CREIN 5% %
F/MTT D8 VBB IRES N TV D, [FIRFIZ,
BOEMOEELHILN TS, Al TR,
Chen and Chai (2011) (2 Xk B ¥ L 8&KEFHIETHHIH

ENTWD., ZEERET VBT DX kb
T, 7 AMEBBEGMICESS FEbHESh T
W3 (KA, 2011 ; Matsuda, 2012) . ZESRET
MTBT DX o ROEGEIE, SO TRERES
ZRWCH UM TITY) 2B ARAREL EZ BN T
BY, MROICEEMITICEUKEFEL TS, 20
7o, BUEMRAT IO E IR L2 W R ki
ERH DL, WIERFT ORI B~ HE kA #
FETE 5.

BT, FRECEVE A A - h B R~ 2
Z U K DHEE (G, 2021 ; /A4 « i, 2022 ;
Ikeda, 2021) , & v =Ry kEEREIMECIEFIHE
& L 72 Voigt® 7 WMIZFDS it 2 o) X B #liE
(MLF « A3, 2022 ; A3 « #H, 2023 ; Ikeda and
Matsumoto, 2022) , & SIZIT¥EMEL Tl &
WP ELRE IR (M - A4, 2023 ; Tkeda and Matsumoto,
2024) (T S 4, MBI &I E o B o B
BB LTI TR ISR, EORR, HEhE
HERZRFICET 2HALBE LN TN D.

FTARMIEE, AHE - A (2005) &[RRI R
FlEEZEA L2800, Ml &AL D ik Gl
M, 2021 ; Al - A, 2022 ; gl - A, 2023 ;
FAZ - WL, 2022 ; FAA - W, 2023 ; Ikeda, 2021 ;
Ikeda and Matsumoto, 2022 ; Ikeda and Matsumoto, 2024)
WCHASNT, BPEZ DT A —F BT B
— X ZEMaxwell £ T /VICHEE L TV 5.

FRETIE, BMEEEMAALTIERRET IV
WAL E LA A L O — N a2 L FRRRL, 8T
A= LIS ROBEBREM I TRL TS,
ZOBMBRRERWS &, XU RBEZROBRYOEE
WEVEOEAL B EY & &2 ROF — REE I RIE

WL, FHWRER T A — X OHEETERT D
LN TE D, i A A TMaxwell & 7 /L A3 il 1 2h
REFRTIHRERRTMHER, A—DR25585
BEMITRICER/NMENFET D22 LEHLMNTLT
W2 (i, 2024) . FHIWTIE, ZESRIARET
FIOVICHELEEZEA LT, $2ECEE R —
BEI R RBREZHFTND. FAETIE, 1HERRET L
THURE L -84 T hic i/ MERNFEIET 5 B4 %,
ZHEEFZRETATHAL TS, Fi<HESETIE, &
AFETHRELEEABM RO K/MEICESL v
SNEFHEEZRIEL TV 5. HESEMT LTV, M
BEECTIHEFARD R TERVWEY & X VDR
LR TWD . RBIZEETIE, A LD E
FEEL TV,

2. 1BARETILICE D CEXRESHS

2.1 EPAEXEREBAEX



Fig.1 (27”3 1 B 5% Maxwell &7 /L O IEH) 5L
ERANTERET .
mx+cx +kx + g(x —z) = —my, (1)
dz=g(x-z) 2)
T2, m, kBEVclE, BMorhEnEE,
WPERS L OWERREL, d XX E2REAT DX v
2Ry FOWERE, g XXV EAEM OIRA,
X XM OB ER O OEN, zI1ZF vy aRy b
DEE D> D DIKEEN, ¥, ITHEBEATINEE TH
5.
Wy & hy BENENEY HEOBEA MR &
Tlb, u X RBEREM O g OBRWRIYE L I
st BEIMEL, &M EBL<.

k d
o= 2wy =S, u=L, =% 3)
m m k g

B R AUSIE T D R ATR AT 5.
—2hyw, —(+ ey pay ((x] 1

P
Xp= 1 0 0 Rxp—40:¥, (@)
z 0 1/7 -1/t ||z 0

Y

Vo

>

Fig.1 Single-lumped-mass model with a Maxwell model
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5.1 BEMBITETIL

Table 11210-DOFEF LV OEEHEOE &, FE0+
AT & ORISR A R T, BRAARSUE, NECRENE
H(RIPE IR R CIRE— FIZH L CTl%E 5
ATBEKIET A THD. BYETLVORER
X 5000X10%kg (5000ton) T 5. Table 2IZ[EH A
4k &£ — FEEER %, Fig8lIZ1lRB3RE TODE
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Table 1 Structural parameters for 10-DOF model

Lumped Mass Stiffness c](?:;nﬁi lllérgl ¢
mass m; Story k; A
3 1
No.  (10%kg) (MN/m) (MNs/m)
10 600 10 318.7 1.090
9 450 9 367.7 1.257
8 450 8 441.3 1.509
7 450 7 514.8 1.760
6 470 6 588.4 2.012
5 470 5 656.5 2.347
4 490 4 784.5 2.682
3 510 3 882.6 3.018
2 560 2 980.7 3.353
1 550 1 1078.7 3.688

Table 2 Natural frequencies and modal damping ratiosof
10-DOF model without dampers

l\ﬁoode Natural frequency (Hz)  Damping ratio (%)
1 0.931 1.00
2 2.389 2.57
3 3.887 4.18
4 5.344 5.74
5 6.686 7.18
6 7.856 8.44
7 8.966 9.63
8 10.01 10.76
9 11.19 12.02
10 12.45 13.38
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Fig.8 Mode shapes of 10-DOF building model

Table 3 Optimized parameters for dampers as
Maxwell models

Damper’s damping

Table 4 Natural frequencies and modal damping ratios
of 10-DOF model with dampers

Joint stiffness

coefficient
Story 8i d,
(MN/m) (MNs/m)
10 125.6 17.98
9 145.0 20.75
8 174.0 24.90
7 203.0 29.05
6 231.9 33.19
5 270.6 38.73
4 309.3 44.26
3 3479 49.79
2 386.6 55.32
1 425.2 60.86

AN D HAR 1RE — R 2 10%ICRE L7z
Ba, X090 6/ 55 1KRE— FORBIE X
1.095TH Y, ZHITHIET DX v SREZROIKE
— FOREHIL1.020HzTH 5. & 2 7R by 1T
0.9087, fic/MAIMELL 1, 130.3942, FEFIRERH] 7, 13:0.1431
LD BURNAWEL EREMREIE AL o TENE
E LV, ZHICKHE T 2 Maxwell £ 7 LV OfE (B4
HoMt g & X ROF Yy v aRy b OBEKREK
d;) %*Table3|Z777 .

5.2 EIHFEREMNIC K HH&REE

Table 4(Z1%, Table2X Table 300/3F 2 —% 545
DD EAEMTEREZRT. R/ABEIERE 5 2 51
KE— ORI E, X 090) DEL A BE-S
A (1.095) &, BUEMATIC X0 EEIRD TGS
(1.090) Z B L TW5. T3 520 THIAEMET
FERITIELAE—HELTEY, WFhOBE b HIH
RED BHAZ1RE — RIBELI0% B ER SN TN D.
Table 2 & tLiE 3% &, BAEIZIGIT TR0 2~43KkE
— R CTHMIMBEEDIREZHFE TN D.

Mode Natural frequency (Hz) Damping ratio (%)
No. Exact Approx. Exact  Approx.
1 1.014 1.020 10.0 10.0
2 2.779 2.784 7.7 7.5
3 4.569 4.573 7.1 6.9
4 6.301 6.305 7.5 7.4
5 7.893 7.897 8.2 8.1
6 9.280 9.284 8.9 8.8
7 10.60 10.60 9.7 9.6
8 11.84 11.84 10.5 10.4
9 13.23 13.23 11.4 11.4
10 14.73 14.73 12.4 12.4
----- El Centro (Uncontrolled)
—— El Centro (Controlled)
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Fig.9 Peak distributions of acceleration and
displacement under two excitations
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Fig.10 Peak distributions of interstory displacement and
damper force under two excitations
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Fig.11 Time-history responses under El Centro excitation
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