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Synopsis

In this paper, the method of the respnoes analysis of the strustural system to the earth-
quake motion is invetigated. The structural system consists of the structure, the sulstructure
and the subsoil ground which is represented by dynamic compliance. This dynamic characte-
ristics are simulated by the form of the linear transfer function, through which the analytical
solution of the linear probem are derived. On the other hand, an analog computer block
diagram for the simulated structural system has been made to obtain the responses of its
non-linear, transient vibration due to the given ground motion. As the first step, the response
analysis has been done for the case that the band-limited white noise is adopted to the ground

acceleration and that the whole structural system has the linear characteristics.
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Fig. 1. Block-diagram of dynamic system
considering ground compliance.
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[IK(TX, ‘L'z)] = TZ};TSQO SmI:IS((Dl, w2} T1, Tz)Jej(wlfl—“’zfz)da“dmz ........................ (63)

=00y —oco

R —iciz GOR L AR E®R A ET 5, ¥/, ULCERESNATIKCERRA <7 P AVEES MY »
JAMBLERE LTOTIRIGA XY P VERE= P ) v 2 2% (38), A BEHETH L b ks, H
WCIRD—RTCEER <7 PAVEEY P Y » 7 AR I —RICA N7 PVEE< MY v 7 %[ L FARICESR
T 52 K,

LS1(@; ©1, T2) 1= 21—”8&[”5(@ w2, 71, T2) e~ 392 2dw,

- S:[’KO"" ) le=I%dp e (64)
[S2(@; 1, v2) 1= [Si(w; 72, T1) ¥

:-Z_lw_Sm[uS(mx, w3 T, 72) Jed 1 idan

= S;z[uK(rt, wlerdp (65)

LSr(w; 71, w2)1=R([Si(0; 71, 72) Jei7)



188 HRP KB ERA TS (.39 3)

:R([.,Sz(m; Ti1, Tz)]e’jmz)
v=I, 0 e (66)
:h%mVTﬁmﬁﬁﬁvb0yaxm&@ﬁmiwa

LK (1, Tz)j* S LS1(e; 71, Tz)]cjwrlda)— L S [S2(@; 71, 72) Je~7%2dw

1
:—2;&[‘:51%(,,,; ) lde, v=IL 0 e (67)

BrohbDABIBEDR <7 F VEEDOBBRIZIROKR L5,
[oSi(0; 71, 7)1=[G(jo; w)1[1S(@; 71,72)1% [g(w)]

~[Gjo; ) S:’tz& (@; 71, 0))[g(ze—w)dp

[oSz(co; Tl,Tz)] = [051 (w;‘rz,fx)j*
= [g(n)]flEISz(w 3 7, ) 1[G (— jo; 72)]

- S;‘tgm—mmsz(m; p =) 1Bl C(—joo; )]

[oS(@; 71, 72) 1= R([G(jew; 71)][1S:1(w; 1, 72)]€j"’")$2[g(1'2)]
=(R([G(jo; t)1[1Sr(w; w1, 7)1 —I[G(jo; w)]11S1(@; 71, Tz)])f2[g(fz):|
= [g(-n)];t:R(DSz(w; 71, T2) Je" 92 [ G(—jw; T2)])
= [g(rl)];kl(DSR(w; 71, 72) JRIG (Jo; 21— [1S1(@; 72, T) JILG (Jw; w2)] ereeereeens (70)
Ik,
[Sx(w; 71, 72) 1= R([1S1(w; 71, v2)ed*") = R([152(w; 71, 72) Je~7%72)
[eSi(w; 71, )1 =I([1Si(w; w1, o) Jed® ) = —I([1S:(@; T2, T1) Je7I9F ) woremrminnniniianns (71)
¥, L R v, v kBT 5(69), (68) ROk 4B R convolution Th %,
il) EEENACKLIIEEER  BEB/ERRATERINS,
{f1={la@®1p¥ (=)}, [a("-')]DZI: at(@) 0 ]

0 an(o)
ZZT a(n) 1 =0 CERINHEESRY, v BREFEVHEO= VI 4 v /NERHERERCESHE
HChD, “DLER
LK (1, w2)I=[a(z) Iplir(ra— 1) 1[a(z) Ip

T
Lr(x)] =lim%8 et} W@ Tde e (73)
T->c0 -7
% (28) N RATIUEHE =~ + V) v 7 2583 Bb R %,
¥7,
LS (a1, @25 71, 72) ] = (2 3 [Fm(/wl)imsl Es({Fy 1 (Jo)} {Fv o (—jw2)} T8, Far,) —joz) In
........................ (74)
#(56), BT MCHRATIUEHBE< bV v 27 2DRRI FAVEET LY v 7 AL BRENESRD, R
M7 REUZIR DRRIC 7 5 oD
LK (r1, v2) 1= (g +o)1[a(—) Ipk[ir(z) Ix[a(z) Iplg(ze =) ]| z=0
[g(z)]1=[0], {a(x)}={0}; <0 e (75)
[h&(r;rﬁjzz*‘*g [X (@, 7)1 (15 (@) 10 X (@, 72) 1*de

[X(w )= So La(ri— ) 1[a(u)Ipe F*4dp
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[X(w, v2) %= S:zta () 1p[g(zo— ) le=i*rdp

@)1= { Trle-sras

iii) EENEILCKBZEERE : (B)RNT (e(@Ip=[1], m=u+r 2B}

[oK (1, 1 +2)] = S S;‘fé(mj [or (Ao =) 1 (g (ha) Jdnidie

1
0

0

- S"S:‘Egzémj L (e —an) 1 [g(—A+A2) TdAudhe

#1585, LK@, i+ I1=0RA] ¢ LTEAT ni—ee 2 THUERKLE 5,

LR (z)]=[g(®) 1*[:R(x) 1 [g(—7)]

Z @ Fourier £##1¢ LT, ¥MHIROR<27 b VEEDORBELYE S,

[S(@)1=[G(jo) [1S(e)I[G(—jw)]

4, BEEHROFECEZEEGESCHERIRO7FAS - aVEL -9 —FEERKS
Band Limited White Noise [C KB ICERIF

(NRICR I N SRR BB AR D{LERE L 41
% i¥ bi-linear hysteretic BB E% &5 5 & 414
BERBLO LB THREREE, S 5 THHERL,
bi-linear hysteretic */BEFELH T HHMBE A
LB EOERROIEEFICEREIL, EEREY
FDB R HROBRE R RIC X 2 HERER, B50
RATERIER @A L ¢, Digital Computer
CroTBsz b HkEH, F1EROMBRITE
HO%EE BIETIEEFHBISED 7 2 bV vy 7
- Y=~ A B ERHT A3 Analog Computer
KX HO8EHTHD, HPHER W XD7 v v
7 #4%7 74 Fig. 1c&EIE, FiERID R
U 7 iR Dz B 1/km (kR () /52, DOF
MEEE Y A C2ROBEREK T oy 7 - 4
¥ 77 &2 Fig. 2 WRTHELNS, 2 TH
BAEE, AREGLEEAEBRCERT 5700, H
VR HBREHICROERE T - T 5,

t=pr=pqr’, {x} =din) ceeeeeeereenn (80)
EROFLIRCHE LT, BEHR IO T 77 2%
BT 2 — 2 —ROWML B Zh B,

w=plo=(pg)'e’, S=pis=(pg)'s"---(81)
(r, @, 5) WRTLRDIGELHEMT BT 2 -4~
L LTROBDRBRITIN S,

— 11 —

DR

SE

Fig. 2.
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LERE ), {6, ) B3 (8 = (6d)
JA:04u%% 5 (bi-linear hysteretic type); x», 86 ¥721% Bo=xids
TSRS GRRZER) 5 ma, o/b, xy
RIS TSSO R B A= 10s/100
TN BB a(x), BE o
az AM

T_;z?ur: aa(r), a= 5

RS A -5 — u=_jjs—, Be; SNELILHERT B
AL —HEZONDET F oy - 3V ¥ L~ —EERRORMRIEEH KD, 22T ¢ 12 A A5
zbhbe,

’
q=7\tmTi, wy’ =10g(me), ws=10s({m}, {k}) (82)

XS TEED, dRISELTRTHI LI L - TEDONS, BHT 2 — 2 —0 HALeD e EHH
B, DR, FRITNEFEMREND, WERELRER 723 - RICENBERCHIET2EEL LT
EDHHID, time scale p ik, b LAEBRERBRBIEE 5761,
pP=v-10s/w, (83)

TEDOND, pg HEEBAEOEED RN & » THOFEBERBROBERIZEDOND, §, HEHREL
TOBRTHITIROBAE S D% LEEZ 5,

IR L BEER mydi, HAER mven, BEAEN myr, BHEE— X Y myu.

PR ¢ BIER myde, SRR myrn, AN ZAL myre,

T AN myem, $ENEE myas

DR R Ui e B R OBER 2 177 5 fiie, Wit O e OEAY B EOKRBBBEISTIC T
TREL M T 5 HNCROBRAB S D2 INERITE ER L 7.

IEBERZE SR TREROISE RIS\ TEREN T L ORSM L Bl BB REL, 1F
AR BRI L ST 5 2 L 2B ARLT band limited white noise % NLEEREK L L
THEALE,
AR

1 1 0.40732 1
{mi} = { 1 } i) = { 7/9 } fooos) —{ 1.03564 } { - }4{2. 545}
1) 5/9 1.55827 3.828

normalize X}7z mode

0. 2675 r —0.6005 0.7548
Vi m= {0.5525}, 2 i} m= —0.5450}, 3 {n} 711,:{—().6315}

0.7885 0. 5855 0.1880
0. 2675 —0.6005 0.7548
1{n}r= {0. 2850}, 2{n} r= { 0. 0555}, a{n} r={ —-1. 3863}
0. 2360 1.1305 0.8195
o
kpy=00,  Bp=oo
TFHEUE
mag=1.6~8.0, c/b=2, kg=1,
mg=1.6, 1= 1. 1066
3.2, 1.0101
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4.8, 0.9113

6.4, 0.8317

8.0, 0.7682
LSS TS O R B UL

A= 192 —0.1

109

a=1y= % =5~20

HREMBRAETRET S
wu=0.1c¢/s, - LFRE I
wi=0.002 ¢/s, - FIRRE
ts =300 sec:----- PRI Rl

JL%@%% WA 45T B 2D T
iyt Fig. 3~5 W RENT5

HWINE BRTCAERE a=1 X
T AERTCEEEMERLT S
FIh LERBR %

aiiﬁijl, E:apz
L THALhBd BHHEL LTE
HT T &L B,

Fig.3 (a)~(e) T HBH /<7
A = g— p DEBHCH T 5 A HEX
TR o OB LI LT
%o FOEE L SAEOBEEOM
HykERc X b, To i3 v OEH)
R LTAE S BB ET, BMefs
LRTVBHED D L THRIND
FRic, O THIENIRT A =24
—OHE TR ERBAE (v 23]
OBEARNZIRIEEZR LT D &
NEDY 7 70biEE & s ik
L VNI WA, ik yv=5 Kk
W 3 BB AL, whipping
MagrBlLTnboss, v=15 0D
e — OB AEEZBE LT 5 Z
L Thhbob LEENNA band limi-
ted white noise ThhH, 1IX~3
KOE A A band NIk 57 h
i, Yo i3 v OEPBEIRTHKIK mode
DRE LA LR UEA THRIFIUL
BHEWTES S, L LERO#
BWRL IR LR, AT LD

1 Mu=1.6 IST STORY —
A=0. 2w ==
L N\ 30—
\ BASE ~ -———--

Fig. 3 (a) Basic response diagram of maximum

3’07_mu=32
- A=0.1
6l
5|
4l
3l
2t
Pb
[0}

relative displacement, mg=1.6.

Fig. 3 (b) Basic response diagram of maximum

)

kds

N b g o

relative displacement, mzx=23,2.

0

Mmw=4.8
A=0.|
+ .\\\\\\\~
iI5 20
1%

Fig. 3 (c¢) Basic response diagran of maximum

relative displacement, mz=4.8.
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band FTFRHECEENKEL
T BEHEERE LT B0 b Ak
Ve SOOI EERITBOR, WA
BRARRS L U CedIRENE %
WNTRBL, 3FCR2K, 28
TIZ1kE 31k, 1ETIE1R~3
IRISE D & o Tz B K% KL
v=10 TiX 2, 3J@K 2RBETH
NTWBEETHY, v215 2755
LA E 1 IRBIOHIRE R LT
B Lak, v=15 OEARKER
A RL-ORERERTREL,
band FHERTOERIC LB & HEE
T5HORHEND Lo

Fig. 4 (a), (b) iZBilEhic mxa
¥ oT 70 HRLIZLDTH B,
iR TSR R,

=mnugq’ AR AN a
rELENB, ’
KIEHT TR,
A=0.1, mg=1.6
3.2
4.8
6.4
8.0

DBAITHIE L,
¢*=0.07380 mayg?=0.1181

0.06149 0.1968
0.05006 0.2403
0.04169 0.2685
0.03557 0. 2846

DEBABT bz, A B—EDE
& mg WOEREX T ALYy

T \
® | mu=624 |\
X0l | \

L

~~~~~~

~—— o
LI e ———

° 5 10 16 20

v

Fig. 3 (d) Basic response diagram of maximum
relative displacement, mg=6.4.

()

7 Mw=80
A=0.1

6_

5_

4r

3_

2+

(S

(o]

Fig. 3 (e) Basic response diagram of
maxmum relative displacement, mg=280.

™ <
21 V= 5 L //‘ \-\‘_\
A=0.1 /‘/_/' I
6 9
St /\\/
,// \\‘ ————— —

a4t - ——
IST STORY ——

3 2%D T =
3m : ——

2 BASE e

b e } ...................

o 1.8 3.2 48 6.4 8.0

Fig. 4 (a) Response diagram of maximum
relative displacement, v=5.
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JRBrEZ ERNLHBHIC ¥
wb/K 35—s2iz > Mu/M 0%, el RYRT
Mu/M %EE LT 275 8b/K @
EEHERT 5, ISER 2 OHEFHO
me Tk oA L Fibi & flat 7ol
BLhoTw b, COMIRIBED 3
FA—E—AR LB LEZDND,
ADBINTHDYE, Kz ZORRE
Bic X » THINBRIIFBA E XY
Bl b ERL TS, RIBTF
TREE B TR & & (L 2V PR S BN NP o= mm———d
2, THEERLDVIRSFER (X (¢} \.6 32 4.8 6.4 8.0
i compliance) &R AHHCL Fig. 4 (b) Response diagram of maximum
{bxeCh HREEDEERICH relative displacement, »=15.
IR G RV LEERT 5, ‘UM
DT RBCKRIEEAD I L Th
509) 10)

Fig. 5 B &K =— 2V b
i TPWTRLEDDTH S, 70
& Y OHEDLEESRD phase
DOEEN HEE T2, b, Ta A
Tp X b RN < 72 % s phase
D—F, % b 1% mode DEHD
—DPB% LB, v=5, 15 THE
MREREERL T B2, v=5 ol
DE4 7o OIERBFEECRE
Yuxils, fo T phase #3—F o 5 10 i5 20
LT, flicbiEdbhikics 1%
XD mode MEL GENTWVWBET Fig. 5 Basic.response diagram of maximum
rERLT S, v=15 CAE A overturning moment.

EHELTWADIR Tp DEALFKRALAEETELD, 11RO mode TIREFL band boundary TH R < 7
FADEBELBREEIND, mr WEBEBRLFBALAELNK L,

Lo¥® OB

AT 3 IRTTHMEHIAR & FEp R BT 5 At s 2R U 70 #EWRO HIBISES WY Btk
L, BEBEBORICELLU 7o Ptk ol O RAUEE RIS & B AR B 2n » LIRRRBUS M 2 R D B0 A A X
Nize i LCURICRBESAROEE, FEERISEBOBHTINER D L ERGEH MIEEH AR 2T 2 #EY
FROFEFHIIORSE < b ) v 2RLFISTHRARZ PAVEE ) v RFE IR, Bredi, JE5
kA & o R ESHESE & AR R O R R 2 D A S IE MBI R DIEE R RO DT F u s - 2K o —
2 —EHEEK L ZORLROMBR DD DOERSEREROERNER N LI, BleyFny - 2
V¥ . —4%— X »T band limited white noice % A& T2 HMRAOIEEISEMITHAL SN, Wit
BOTURERMOBES BRI/ & 2 ST, 4%iEmi . LEEE % & U CRESRET e 7 e
KRG BIEEE AN & SMRMEROBE R BT o 7o L THRETHNIOEEERITE TR ) FTETHD &

N W G O N
T

Mn= 1.6

M W op OO N O
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Hic, ¥, BEZRE L LIRGIEGAREY ER L EEMROEEFERBICERI 27 S0y - 2
YE L — 8 —TEBELEKSER R FRT 5 TETH %,
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