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PROPERTIES OF VISCOELASTIC DAMPER UNDER WIND-INDUCED
EXCITATION AND SIMPLIFIED EVALUATION METHOD USING SINUSOIDAL-WAVE

[ NE: AT}

fle™?, & 3R ET, dL A &

Daiki SATO, Ken TOKORO, Kazuhiko KASAI
and Haruyuki KITAMURA

Viscoelastic damper dissipates energy through shear deformation of the viscoelastic material, and it causes temperature
rise resulting softening of the material under long duration loading. This paper discusses properties of viscoelastic damper
during long duration wind-induced vibration and presents simplified evaluation method using sinusoidal-wave as a
substitute to random time history data properties. Accuracy of this evaluation method is validated by comparing the random

vibration tests to sinusoidal-wave tests.

In addition, analysis method of viscoelastic constitutive rule, which is based on

fractional time-derivative model that takes heat transfer analysis into consideration, is used under long duration
wind-induced vibration to simulate viscoelastic damper properties such as temperature dependence, stiffness, and etc.
Analytical results are consistent with random vibration test results using heat-transfer coefficient obtained from simplified

sinusoidal-wave test.

Keywords : Viscoelastic Damper, Temperature Sensitivity, Frequency Sensitivity, Wind-induced Excitation,
Simplified Evaluation Method, Heat Transfer
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2. REMS X LMNREER
2.1 BUnR—BLUstHOBRE

AREERIZ N DRGNS R =X Fig L 12T X918, 2 /@07 7
UV RAERE AR EE (3M Japan B ISD111) ™ %2 X d = 12 mm £/
M OHH - SMRORNCH A TE T AW T 5, KRR &

R&IFNEH B=80mm, L= 160 mm (& AWk 4, = 25,600 mm?),

HEXd,=16mm CTHD,

FEREVE & L R — DR IT, Figl \ORT X 918, SMROAEM (A
), MR LR S o 1/4 (B, FA) L 1/2 (CE &)
OFrfE, Z L THROESOFL (D, G ) OFHINEIT Y, £z,
5/A—®HumF(HE)%@E¢50mF®@ TIXENEE R &
FA Tz, TR R O BRI 20 0%, At =1.0 B THRBALAD & KB T
Tﬁﬁ?%ﬁbtoﬁyﬂ~@ﬁ£k%m@ﬁm®ﬁ%%$ﬁ
B D EHIELEICHEW T, RHIREIEA &V AL B KO C-3L
FERIFIC 1 A 7 Y720 300 SLL EAFHIITE S X 9124 = 0.01
BCirofe, 2L, GHZAT 5 B O BA R OB Lk, Rk
BT HEFFHIII AR FTRE Ch o 7272, 200 B 2 & B BIE R
DS A 7 NMATHHET DT, 60 [BI#R YKL CRlE Lz, ¥
— D JELRE DA L D B AT D720, ERix, —ER
Eﬁ%tﬂéﬁ%ﬁfﬁ“,é%u@khﬁﬁ%%%Tif%K%

°C L7205 K HMEEIToT,

Inner plate
//—-Outer plate
7 v =
Wd } 9 ‘
% D W‘ \ 9 E
G E g

o F /r Viscoelastic material

o o

o o O

20| 30 | 230 |

Fig.1 Test specimen & temperature measurement positions
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Fig.2 PSD of 1% modal wind force
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Table1 Damper deformation (Random)

Case u, Max  u 4 Min o, PF. Ny
(mm) (mm) (mm)

A-3L 21.0 -20.6 4.2 3,452
A-3H 24.4 -16.9 5.0 4.9 2,018
A-6L 17.9 -16.6 3.6 1,728
A-6H 23.3 -16.2 4.7 1,296
C-3L 17.9 -17.4 3.6 3,460
C-3H 19.9 -19.6 5.0 4.0 1,820
C-6L 14.7 -16.0 3.2 1,780
C-6H 17.1 -20.4 4.1 1,580
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Fig.4 Time history of damper deformation
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(b) Across-wind direction
Fig.5 Damper temperature of random vibration tests
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o AREOZ IS L VIR ERAML 2, IREAITIE I
T AHEMBHERTE 5, 72720, RENMIIF—EEICHHTET 5 £
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Fig.6 K'y & C'y of random vibration tests
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3. ERKICKIEBERBFE
3.1 EXRKE#RE

BRUSEMNHEIC LD 7 0 & L TORZBMRT 2175 2 & T,
FoR—BREGD Z EBHKDLN, ORI, HDT XA
DEFEOEMNER L7z aoRETh Y, ZInbRFMZ V4
DRENFO & S — R A AAERICHR T D Z LT L,
B S— LD T v DRI & D 720, TR ORRL
TBEERM L, & BICHEZIGETEMNT 21T 5 LB & V) JEH ITIHMET
B, KEHNES Vo X— OB T S 720 12iE, ThE T
IREIIZAT DI T & 7o — B IRIE - IRE I L 2 ERFENFHTH Y,
IR« IRE AR ET DI EREBEREE A5,

B R I G DREENR 7 0, FE LEE N3 L OSHkGERERT 4, 2%, R
W D 7 o & SRBIRFIC IS 5, KEHPE S R — DR 2 B ET D
HERNTA—=RERDZENFN>TND M, 22 TR 12)
WCBWT, JUFAWICNET DI NHDNRT A—=F %, —EDIR
I & IREN L TR SN D5 BRI BT 2 FIEEZRE Lz, AFIEE,
JE ) DL FENE T % AERLFS K OUSEIRHT 24T 5 BN T2 o O FEHT
IR CTh 27217 Tl <, TERIThI T & 7 IEKIEIC X 2RI &AL
IR FEFRFE R EZ AN T2 2 b T& 5, &b, ZNETHR
REN TV A EFIRBOBEAL S h - BgmC s Rk Lok 5
EMTEDREDHMALAET D, AETIE, EREEHIEIZ O
TR L, 7y 4 LEAT)TOERRER & T 5 2 & TAFIED

ZHMEEEET D,

LLRIZ, BRI X 5 BRI O R E P 2o Tk~ 5,
TE&MAE LC, RUSEOHS TRPAE IO, BB O o,
BLUHEDIELE Ny 56 TWD &35, REgErEY o/ — 3R
BB 2 T D720, EHIEXKEOBERIREE L1F, 744
WL EBIERLIE TR LIS LS R D KO ICRET D, £z,
EHIRIR 4,13, T > D EEIRIERLR TY =B Do, 35 L
{722 X HITIRET D, 0% 0, BIRIRTEL /46 J OVEIRIRIE 4,13,
T F DRERF O F o S—IER OB K U N, R 1, d6 &
OMEEGRZE o, & O TR L D Riian s 2,

fr=Ni/t,, 4 =20, (2a,b)

7233, R@Eb)D V2 T FRILIC BT D HERIEO PREERT 5, L
EDOXHICLTRDTSFIED T o Z L% (Table 1) 1292, &
HaPRE A, 3 X OE BRSNS £ % Table 2 (2”7,

Table2 Damper deformation (Sinusoidal)

> A, S/ U, Max
Case
(s) (mm) (Hz) (mm/s)
A-3L 0.288 12.79
A-3H 0.168 7.46
12,000 7.07
A-6L 0.144 6.40
A-6H 0.108 4.80
C-3L 0.288 12.79
C-3H 0.152 6.75
12,000 7.07
C-6L 0.148 6.57
C-6H 0.132 5.86
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BOSEZERLTND Z AR TE D,

Fig.8(a), (OIZ 7 > & Ll & BHLETLEIC X 5 FEBRIC X v S 6 i,
BPIERIIPE Ky & FETERREL C OREIRIZE L 2 R CRT, EHIESLE
BRE D/ LN KB LV C bl E T L FERIC, 1200 7 Z & I2H
D LD B (1a), 1)LV HH L TWA,

Fig.8(a), ()15, Kex RIREEUN D2 H T2 7 & LK & IR
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Fig.11 Test VS. analysis of temperature (Sinusoid)
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Fig.12 Test VS. analysis of K'y & C'y (Sinusoid)

Table3 Heat transfer coefficient

Case P eou P ein
(N/s/mm/°C) (N/s/mm/°C)
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A-6L 0.050 0.047
A-6H 0.040 0.037
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C-6L 0.030 0.027
C-6H 0.030 0.027
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Fig.13 Test VS. analysis of temperature (Random)
K CHER TR 5,

W, T DIRTHFNT & FEBRD & L /X —REPEIZ DWW TR 24T
9o MRETRER D & L R—RPEDF R TIEIZ DWW T, FiffiE T&FH
BRI, HTEIIE Ky 3 JONRIERREL C, % & o~ —JEIE D 5 (1),
(Ib)D /N ik A FHVT, 1200 FHEIC 5 1 2 030, FEERE R
& RENTRE R CRIREZ D JBHE D B R LT\ 5, Fig.ld(a), OITT v~
S LN DR & ERICIIT D, Ky & CyOREMZb A E TR
T BE Y, MRATRESIEERRS R & RIERIC, IRBIAAD H R & K
TT 52 & —EMEICHET 28rEE KRB TETND Z &R0
%o IBHIT, ABHR A-6L TEODOEENBHERTE 20D, T
P OAF DT REIIERAE R BRS BHTE TS 2 MR T
&%, LLEXY, TESLIEART & R CBMRERE R, e T 57 v H
LPEEHTIC VD 2 & OFZSPER L ORBISEMITIED 7 v 7 MR
BT 2WMHAMEZ RT N TERLLEEZZ D,

O O Test ® H Analysis
160 1 K's (N/mm)  Cq (Ns/mm) TKs (Nimm)  Co (Nsimm) [ 160
S YY)
] ° 3@ R b °
«/ 50.5555.5.
80 - S © ° Feo
Yomamamawgl Dommmmsmanms
A-3L time(s) A-3H time(s)
0 — T T T —T T 0

0 4000 8000 12000 0 4000 8000 12000

160 7 K'g (N/mm)  Cq4 (Ns/mm) K's (N/mm)  Cq (Ns/mm) 160
3685556555; -'-9000-9.
O 0 00 ¢
Soﬂﬂaﬂﬂﬂﬂﬂﬂﬂ_ ig:i!ﬁi’go
A-6L time(s) A-6H time(s)
0 T T T T T T T T T T T 0

0 4000 8000 12000 O 4000 8000 12000
(a) Along-wind direction

160 4 K's (N/mm)  Cq4 (Ns/mm) 7 K's (N/mm)

.Qoeo'aegoe ) ]
/ © 88gs80s8a0

Ca (Ns/mm) 160

80 - /— Aemunnnma - 80
iﬂ ] DEIDD DHE]
J iﬂﬂgg i

c3L time(s) C-3H time(s)
0 T T T T T T T T T T 0

0 4000 8000 12000 0 4000 8000 12000

160 4 K'q (N/mm)  Cq (Ns/mm) 7 K¢ (N/mm)  Cq (Ns/mm) - 160
p
933888888 a 1 3ase
i 3 8 88880,
"]
80“555!555 Sl mm@mmae 80
C-6L time(s) C-6H time(s)
0 — T — T 71 10

0 4000 8000 12000 0 4000 8000 12000
(b) Across-wind direction

Fig.14 Test VS. analysis of K'y & Cy (Random)
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Fig.A1 Enlarged figure of time history of damper deformation
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TableB1 Parameter of 3-D analysis model ¢

Fil REME AR
Kk (N/sP°C) 43.128 0.188
s (N-cm/kgC) | 46.63x10° | 19.40x10*
p (kg/em®) 7.80x107 1.0x10°
. ( N/s/em/°C) 0.25 0.25

1 N/s/cm/°C = 100 W/m*/°C
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In Japan, many high-rise buildings adopt the passive control devices, such as the steel damper, oil damper, viscous
damper, viscoelastic (VE) damper, and etc., to decrease the response of buildings. It has been recognized that VE
dampers have significant advantage over other types of the dampers in controlling responses of the buildings against
not only the earthquake excitation but also the wind-induced excitation. By dissipating the energy through the
shear deformation of VE material, it causes temperature rise resulting softening of the material. The significant
heat conduction and transfer can control the temperature-rise effect of VE damper under long duration load.
Therefore, when we design the high-rise building with VE dampers in case of long duration loading such as the
wind-induced excitation, the heat conduction and the heat transfer effects of VE damper must be considered.

In Chapter 2, the long duration wind-induced vibration tests of VE damper are carried out to estimate the damper
temperature rise and to evaluate the dynamic property of VE damper, such as the damper stiffness and the damping,
under the long duration random vibration. In addition, the long duration sinusoidal-wave vibration tests are
carried out in Chapter 3. This simplified experimental method using sinusoidal-wave can estimate the dynamic
property of the VE damper under the long duration random vibration without using the random deformation time
history data. The validity of this method is confirmed by comparing with the random vibration test results to the
sinusoidal-wave test results. In Chapter 4, the analysis method of VE damper which is combined with the
one-dimensional heat transfer analysis and VE constitutive rule using fractional time-derivatives of stress and strain
is carried out. This method can calculate the ever-changing force-deformation and temperature time histories of VE
damper. The accuracy of this analysis method is confirmed by comparing with not only the long duration
sinusoidal-wave test results but also the wind-induced random vibration test results. Analytical results are
consistent with random vibration test results using heat-transfer coefficient obtained from simplified

sinusoidal-wave tests.
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