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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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e 2 TR, RERPE & 2 =B LOGHIOMEIZ SN Tk 5, &
7=, TV DIMRFERERND X R —DONERIRESS & v — Rk
DOEALIZOWTIRETT 5, 3 B ClE, ISR EBRIEIZ OV TR L
TR NP TOREBRFER L X o =i E i 5 2 LT, B
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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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RELRDHZEDGND, BE EROEERD L, WOl
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S TH U AN—NEOBRENBIKIC LRT D0, HDHAN LG
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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ARETIX, 7 ¥ LRHIFIZBIT D4 2 —OWHRETH DI
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WIERFEMEE LT, 1,200 BT E0BRENLREM LIZEE /R LT
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X, i 28— T B OB R O ST 00 K5 IV 7 DM T Ut
560 EFRRY, MR O R WR IR~ O 2 =0
AMMZRT LD TH D,

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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Fig.7(a), (b)IZEHLIETLIEIC K 5 FEBRIC X V56472 A~D, H s
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FF L TIT 272, Fig.7(a), (b) & ¥, (8 L ESLH MR T oD T R 20 R 1
C-3L X C-6L D X 9 (TEHLETLIE EER & T v & LR FEH T O &0
B (HH) OBFEWNZE-T, fIMOIRETHD AL D HTEZLO
BT OND S OO, KigfIE S S — DRI B A J R
PEROIREE (C, D /) 1%, BEHIEKK E 7 ¥ L ERORERT
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
D, EREEIE 1 DOREEKS LHAE LTV RNLE 00, I E
BUEIZ Ko CRE L IRIR S REV R A W5 2 & T, BHIEZE K
DIFHLNTZ Ky, ClET7 v A AEDORER L B —HLTNDHZ &N
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Fig.9 Comparison of (a) random and (b) sinusoidal
hysteresis loop (A-3H; 3,600 to 3690 s)
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Fig.11 Test VS. analysis of temperature (Sinusoid)
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(b) Across-wind direction
Fig.12 Test VS. analysis of K'y & C'y (Sinusoid)

Table3 Heat transfer coefficient
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C-6L 0.030 0.027
C-6H 0.030 0.027
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(b) Across-wind direction
Fig.13 Test VS. analysis of temperature (Random)
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Fig.14 Test VS. analysis of K'y & Cy (Random)
5 &nYIC
AHFFETIE, Felko R D 8 FFH O JRISE T 2 AW T, RIREf O
T VB NPT ORGSR — OIREELB L OIS &
R — B R ME DAL & FEERAICHERR T D & IRIT, IERRIRIC KD R
MO Z v & DRBYRF O & /S —Re % AT 9~ 2 IESXE B HATE D %24
T, BMRE L BRE @fﬁ%%%ﬁé‘f%
D IR ZI Ef AT 1 (RIFISEMATE) O F o # KRENIC 2 e
DB EAT > T2, LIRS i 2 0k
1 AESERE ] D R WS E D & 5 7‘@%‘2%&‘%& IRLTSH, K
28— OIRPE LWL - REVERREUT, TESLIEERR L FfkIC, B
B AREORI L > T EEICHERTT 5 2 & & FERIITHE
e L7z,

2. IERMEREIC LV B LN D ERIER & T 2 ¥ AT ONER

FERA RS D &, MERESEOWE - MM - RPERBIE S

— 579 —



Tl emb, BrZlx LB T 57 07 MREIRFD & L X —
PEEZFHIC L VFHMETE D 2 NS otz, 2L, HERRN
Ry DR K & < 732 25 JRIT O R T DD HEH) O PR S
BAICBWTHHBREDOREWFER L o7, 2ROV TIES
BOMEL T 5,

3. TUHXLIREBIZEN TS, REHGEMRITIEC X 2SR
WEFIR BN H 1) 2 R MiIE & o R — DR EERe & L S — R D 281k
EHBETEH 2R LT, £, 72X AETOMITITHN
HEMRERILE LT, bR 2 EHRIESL & R U2 H 5 2
TENTEDLZ L EMERR L,

Ltaix, FERMEIE S > 8—F VT, PHRSER T — Rk
DERENERERMO T v F DRBIRFICIS T AR S =D iR
BB L ORI 02 k%, Eirdks X O OmE 2 b RETT 5 &
i, EREEREOE A OWTHRIET 5 TETH 5.,

B

AT O—EIL, BOHERIRY AEE (4 B EEfTRO
ELRXOBRICE D bDTY, £, R AR AR i)
& - HFAFIEB) RERFIEE < KM OBBIO T, AiFEE %
JEWZ LE LT 2 A OEFENOIL, BERIERFHEELE,
ZZICRHLTHEEZRLET,

ZE XM

1) AAREBERR @Y ORE)IC BT % SRR B - AR, U,
2004.5

2) ARSI Sy U7 HIRMERG - L =270, 3
2013.11

3) MR TERFHEEYM L ¥ — Ry o THIERES v RY Y A
2000~2004, 2000.3, 2001.12, 2002.12, 2004.11

4)  Ferry, J.D. : Viscoelastic Properties of Polymers, John Willey & Sons Inc.,
Third Ed., New York, 1980

5)  WEHEILA, FoEsi-, FEE -, IRASE BRI ERICEH L5
MEE S S — D IR TV O, H AR RS R SUE, 5
457 %, pp.29-36, 1994.3

6)  EHRZ, VoM, A MR N R WAL COIRE B & YR
W RTEE G LT RIE 2 L S — ORI R, A AR AR R
A, 5599 %, pp.61-69, 2006.1

7 FHREE—, KEERE] R & S — 2 T D AR T T O BRI R
INEICBIT DR, HAREECR SIS R U, F 738, #5632 5,
pp.1813-1821, 2008.10

8)  PERERM, MHMEZ, AT @R ORIIEE xS Lz BIR SR
B O L ORISR 2 RAEAFTE — Rtk - ke & v —
AT D EEREY ORISR B EIRNER —, B ARBE RS
TR SCHE, #5609 5, pp.65-73, 2006.11

9) VKM, MRHETER, SSRRE MM - RS oS — R BT D m g
YO RIS AR 2 B E B, A ARG R UE, B 617
5, pp.95-102, 2007.7

10) Ve KM, SHmE, EAHTAR R & S — D IREEUK A YRR
BTG 2 DR, QARG SRR SUEE, 55 635 5, pp.75-82, 2009.1

11)  PefERmt, MRS, FRTAERD - REOME S L R — 2T D iR O 4R
BIEUKAEME 2 B8 L 72 BURE TG, AR SWE R E, &8
74 %, 45646 5, pp.2255-2262, 2009.12

12) Rk, HRE - R T v & MREIRF O RSN & 2 S — O RerEEs
FOUERLIEIC & DR, IS TR U, Vol.53B, pp.67-74, 2007.3

13) MIRZ, SEAEE, KAEER, TR KRR ORE - B - IRIRK
FaBE LA, 201, SEEEICR T 2IRE - IREEUKTFOE
TAL, ARG R CE, % 543 5, pp.77-86, 2001.5

— 580 —

14) Daiki Sato, Kazuhiko Kasai and Tetsuro Tamura : Properties of Viscoelastic
Damper under Wind Load and Analytical Method Considering Heat
Conduction & Transfer, Proceedings of the 12th International Conference on
Wind Engineering (ICWE12), pp.1263-1270, 2007.7

15)  HAAREFER AWM EREE - FFH, L, 20049

16) HEFEE ALEDONRT—ART bk 7 a AZAXT hLE S DOERITED
JRORZEB D> I 2 L—a v, BARTEFRMIERRE, B 11 5,
pp.5-18, 1982.1

17)  SFIRESE, EHITBEHG, VEERRBL, gaARIRH, JbRrERSE  AEE) 2%
D EEEY OEIRE — PISERE, BARESSEINREE, B
18 %, %5 38 %7, pp.79-84, 2012.2

18)  AEIEFNEZ, FTHE ORERAMER O IRE - IREVEC - IRIEIKTE A 5 R L 7oA Ak A,
D2, WEERBIOE - BEENSGL S TIEREHEOET L, A
AREH SRR, 5 561 7, pp.55-63, 2002.11

19)  RARPER], HIERE, @ifE - BUNMRIBIC 1T 2 BUEKTE 2 > R — otk
REIZ DWW T, HEE T %5 S04, Vol.50B, pp.601-609, 2004.3

20) PREERM, BHE, RNEA, RiChEd, iR, @Bk, Rk
=, HEEERC, RERIEE . REMHETZ 2 5 MRS s e e o =
FOF—IRIL &R — 500 LR 2 B-7 4 7 = U AR
B J2h —, B ARSI E SRR SUIR, B 75 &, B 653 U, pp.1217-1226,
2010.7

21) Trifunac, M.D. and Brady, A.G.:A Study on Duration of Strong Earthquake
Ground Motion., Bulletin of the Seismological Society of America, Vol.65,
No.3, pp.581-626, 1975.6

22)  {ERERHEE, RN, RiCh, THFESC, JukifRss, hRIES : E
KARENIZRRGE LT A A V& 38— O VERERH I L VR JE T EE i
K DWRE B, AARRESS RS FINHFEME, B-2, pp.529-530,
2010.9

23)  IEFNEZ, VRRERMT R & LS — Sy By AR o gL A R T L
DU XA, AAREEFSE R CE, 8606 5, pp.113-121, 2006.8

24) JPA—Iw Yy ARBATE (1), T U CRIEH, 1993

T8 A FUNR—EEROILEKE
Fig.4(a), OIT/R LIz & v R =B OF T, 22 TIEflE LTA3HEBX
N C-6L DIER M % LA FIZR-T,

20 - Yy (mm)
0
A-3H time(s)
20 T 3 T T T T T T T 1
500 550 600 650 700
20 ud (mm)
0
C-6L time(s)
20 4 v T v T v T v 1
500 550 600 650 700

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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