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A Study on Applicability of Time Domain Transform Methods for Frequency Dependent
Functions
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Summary

The author has studied and proposed transform methods of frequency dependent dynamic stiffness into time domain
functions. In this paper, the outline of the proposed methods was described, first. Then, typical functions transformed in the
previous papers were classified into 3 groups, and these characteristics were studied. The previous studies were limited only
for the dynamic stiffness. The transform of dynamic flexibility functions and transfer functions were studied to confirm the
applicability of the method for more general functions. Moreover, the time domain transfer functions were proposed and the
applicability was confirmed.
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LT, g Lol A oA OWTHGETT 5.
411 VoigtETFIVDaAL 75472 A

Voigt %1%, ¥4 (K,) &¥ vy aRy b (C) BUEHIHEENZE DT, 2of v E=F 2T (K +iwd,)
THZONDL, 1,=C/K LTI, ZOHEETHLIL T34 7 A1F 25 R, 204 2OV AnEE
BATEIIC (26) e Bo (25) RiF, MaxwellEFED A ¥ — ¥ 2AQFERIFES (21) Xo&E20E) &, REH
—KEVUKDFERD S L 2T THEMAE TH L. 4 V7V ASE S FRICEB R E 7 b,

1
-~ 1 -~ C, _ 1 T,
S eGR, U R
C, T,
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Gl)=Cre v (26)

Fig3lZ t,=1& L, 025HzA510HzE TO25HZANATHE L2277 47 » A% ® O T/RY, %7:Fig4
124t=0.1(s), n =208 LCEWEINTA VSV AEE R @ TR, CNEVHH Ny 7947 v ABK%
Fig 3D FEM TR o BB SNEITEBATOM EBERE CRIB L TWD Z s, BRPEFIITbA7zb oL
EZbNbo

0.2 ‘ ‘ ‘ -0. 01 ‘ ‘ ‘
-1 L L L 0.0 1.0 2.0 0.0 1.0 2.0
0 2.5 5 1.5 10 Time delay (s) Time delay (s)
Frequency (Hz) () 0 VAR (b)1 WK E

Fig3 VoigtET VD> 7547 > ZAEHK

i RER PRI I X D 15 A VOV AIRE
Compliance function of Voigt model Figd WRREUZIRC LD o0/ A 27OV AIBE

Impulse response functions obtained by time domain transform

412 ZEMBEREROICTSA47 2 AEH

WHEET IV ZFigld 75, HBERDFEIZLD0.5HzA H20HzF TO.5HzH A THIE S N2AKF - [lisf v E— 5
Y ARFIgSIIRT . CNIVHEEIN/ZT L T34 TV ABBEFig6lRd, 2> 7I74T7 Y A%A=0.05(s), n
=5& L CHRERIFIEI L TS N7 A v 78V R % Fig7, 8II/RT

KNm/rad (x10'")

Ez

KN/m (x10°)

IKF

m/kN (x10°%) rad/kNm (x10™")
T T

4 - - 2

T

@

) S WS
Real Imag. Imag.
_2 1 1 1 _1 1 1 1 _2 1 1 1 _4 1 1 1
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Frequency (Hz) Frequency (Hz) Frequency (Hz) Frequency (Hz)
Fig5 RO E—F 2 Fig.6 —JEHifgnar 7547 A
Impedance function for 2 layered soil Compliance function for 2 layered soil
-8, -8 -11 -1
5 m/kN (x107) ‘ ‘ 0.02 m/kNs (x107) ‘ 2.0 rad/kNm (x10 :) 0. 04 rad/kNr‘ns (x10 : )
1. 0. 01 0.02
0. 0. 00 0.00 (/| e
0. -0.01 -0.02
-0.5 -0.02 -1.0 - - : -0.04 . L L
0.0 0.5 1.0 0.0 0.5 1.0 0.0 0.5 1.0 0.0 0.5 1.0
Time d Time d
Time delay (s) Time delay (s) ime delay (s) ime delay (s)
(a) 0 YAREUE (b) 1 WAREE () 0 ARKIH (b) 1 WIRHCH
Fig7 B ENT2A 27OV ARE ORERS) Fig8 HESN/A 28 A% (JAHE)
Obtained impulse response (horizontal) Obtained impulse response (rotational)
2m/kN (x10%) 4 rad/kNm (x10")

$7 SRS LD RBEGER TSN T Y T
FGAT V AMBEFigIDEMTRY . HEH I
BRI 0T —5 (M0 e0) LHHEL | N\ e |
THY, BRASEIF TN EDTERTE B, e "

-2 1 1 1 -4 1 1
0 5 10 15 20 0 5 10 15 20
Frequency (Hz) Frequency (Hz)

Fig9 I 7547 v AMBOFHE
Reconstruct of compliance function
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4.2 ZEREBOERORE

421 1HHEROGERH
B %2 5 1HHEROE HEAE, 27) KoL HIXHFEITFL, 22T, me, MIZNZTIWEE, HERL
WMETH Do 72, pIIHBEEN, xI3HE)D S DML TH 5,

m (¥ +5y,) +citkx=0 (27)

PREY LA C, MBI 2R3 2 IS B M E O (NS (R . DT, (R e v 9) X, TRDSe (w)
THREIND,

- 1+4K° B° cexp(—
S.(w) ‘,—%1—Bz%2+4h2132 exp(—ip) (28

ZZT,
B=wlw, w,=km (29)
o 2h ° ]
¢ =tan [ 1—(1-44) B2
MES IV A RER L, w,=271,h=10% & L (28) & H\2T0.05Hz%] 4 T2.5Hz % TS50fH % 7E (Fig.100> @ O)
L, IN%x4t=04(s), n =20& L CERFRIFIUICEIR L7z, oA ¥ 7OV ARG ZFig 1R T MIPET &%
FHENEDICABLMEEZEEL, LLICRBLAFS0INHET2MWIRE o Tnd, T2, 201 VOV AIRE X
D EH SN EEE B Fig l00FERTRT. b EDHEEBIFICHIELTWA Z EHFERTE %,

(30)

0 5 10
Time delay (s) Time delay (s)
B R (a) 0 RERECHE (b) 1 kARHIH
Fig.10 M 7o R 5L
Studied transfer function Fig.1l HIEINIZA 273V RIS

Obtained impulse response

422 HEBEEERROTERE

LVBENLZBEO—FIL LT, TR EOBREOREMBKIZOWTRE T 5, BEIZKHS0 X 50m, H&
67,000tOEEN & § 5, BRETIVOFEER % Table 412783 Mk, AifiFig IR LR v 5, HE
WRE L) BE L - R TRIEFE K - [l > ¥ — 4% > 2 (Fig5ZH) V2%,

Table 4 HEEE TNV OFEER
Building model data

B e | EEmEETE || AR | B2k
Fm | (t) | (x10°m’) | | WFimifs | £— X > b
2 3 4.
1| 7000 10 (m’) | (x10'm’)
2| 10000 15 0 20
3| 10000 20 % 30
4 | 12000 20 120 40
5 | 7000 15 150 0
6 | 13000 20 150 0
. 0 2500 400
KFE - @RS Y E—F DR —
E=2.55E"kKN/m’, v =0.167, h=0%
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1.5 ‘ 1 1 0.010
0. 005
0.000f L £ 7& e
-0. 005
-1.0 : s s -0.010 ‘ i i
0.0 1.0 2.0 0.0 1.0 2.0
0 5 10 15 20 0 5 10 15 20
Frequency (Hz) Frequency (Hz) Time delay (s) Time delay (s)
(a) HaxHfiger (b) BFHF R (a) 0 RARKEA (ohy) (b) | AREIE (1hy)
Fig.12 ISEMAT T & B E BHINCS Fig13 SUESNIA 2/ OVANEE (R FIRER )
F— 5 Obtained impulse response (Time domain transfer
function)

Transfer function obtained by response analysis
and data points for transform

KB & B HHEISIRER & T4, i AJTHEEB) L, El Centrol940NS (RERZ]AAT = 0.0 1F), % R¢
10.24%%) D AMAE %2300Gal & L CHIRME TEFRT 5o DB ROIEE LI T 2 720E L ERON
HREFEIZ0E T 5,

ISEFRATIE, MRS 0¥ — 5 v A% BB L7 B ST & 94 L, AJJHUREYICR 3 2 K o2 e
HET B BIBUGE AT OMATEE P IZ0~20Hz, fENTRIEEA A (Af) 120.0977Hz& 5,

Fig. 12\ R THEE S OmER . (RZ O s A BB O M) % #ixH il & WEMTRT . Ihx
MISEIS 2533 % o 2SIV A 7 — % 1d, 0.5~20Hz TO.SHZHI A D405 L 5,

Fig.1312, FEMFEBAHR TH O Nz A 2OV AIRE (FEBEBOMRERE) 2R3, 42108 R L, 0k, 1
UARBOE L BRI L 2235012 PURT AR E 2> T B,

WIS, 155 N7 B R E R 2 F W7 IR BT 2 3 %o Fig 14IZIT O 7 0 — %2R §, (REMEE VT
ISEINT 2 AT O By, WBEIIANWERZ 7 — ) T8 L, RGN CERKT R L, @7 —) Z&HIZLD
R ] SIS 3 (Fig 4O FHRREIO ) o ZAUTKT L, R A 228V A& 2 iU, RO BROFTEICL D,
RIS O £ £ CIBEHORENERTH 5,

COHFENEY, ATHEBRZIE N & Fig 13O R SHISRER D 5 B FREERT (o, 1o, 2he) & VLT DR
BIHEALES (oo, k) & T, BRTEIE SO MEEISEROREZTo72. (31) RHEXZRT,
ZZTx(0), y() 134, BHD ATTHEBONERE & ISEONEE, 1=jdt, At=005FTHhbH, = TAldA
YNV AINE DR A TH Y, AJTHEB ORI HAT=0.018 L 13825 2 LITHEET %,

(1) =5y 5% () + ko % () + ohyrx (1) + iﬁmﬂ—w+iwﬂﬂ—w (31)

Table SICARFIE T S N KIS EE & B 5S4 Table 5 S RIEFAEO I
NS D W % o S, S b TEL Comparison of maximum response values
BFIZRIS LT\ b Fig 15120~ 58 O E IS A 9 T O kol | AREE
. i i o o R | (eemdEsm | M
J:[:%Z%.’/T\.jqo 3*975‘%4*90)&5/(bj—ﬁ‘&%%ﬁ‘%%ﬂé IS ARAT) (E3EE R
OO, MFIBO TRIFSHIGL T2 EWR 5o & BRI (Gal) | 725.0 743.9 1.026
I SCER32 2 SIS L7z, FAEREL (s) 2.52 2.52 -

DEXY, ASHREOMEMRIZYTH D 2 & O
AT E 720 AR, ERBE LS EL I LI X
) IFRIERT I S MISHRETH 2 72 &, TERDIGERTH
A 7B PYL2 MR b DEZR BN D,

83



AR R H#RE No.66 2010
]

V BRGEE
, . e 800
EZ) jtxorx: WP ki (Gal)
FREAE s
400 |

START BRI SR D END
RED A ‘ . A

a%zu;& ‘ o USRI B RAIRER 0 AR A :

400 |
J—yIZH# #O—U TER S

‘/ >
‘/’4" A\ EamsEmo g o 0 1 2 3 4 5

Fig.15 L BT O Y
R, ig TINSH S T L33

Comparison of acceleration wave forms
Fig.14 [RHIFHIREMEE H 2SS HO 70—
Flowchart of response calculation using time
domain transfer function

Aall, N
i T R A

5 £&&H

KETIE, PITOME217- 72,

9, INFTIRESINLERPOMELY L) W LTI TRL, TOFMPEHLL, KIS, CNFTE
Bl CE-REMLIEORMAEIEEICHEL, TNOOBMEBML 72, 72, —NZEEOREE LTH
HIZEME LA B R O B B SRR 3 A AT, M2 REM L 720 A& 12D W T, VoigtE 7V & ZEiiEna v 7
FGAT VABBERE L, BIFICERTEL I 2R L. FRBEIIOVTIE, THHESRE R R
DONEE R ER ARG L, BIFICAMTE D 2 L2 MR L7z, S 510, O & - R SIS mER B x F v
WL, 7= ZEBRB TR W TR CISERTHEITEETH ), REEROBELMO TRIFTH S Z L ER
L7
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