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EARTHQUAKE RESPONSE ANALYSIS AND ANTI-SEISMIC
DESIGN DATA OF MULTI-STORY, ELASTO-PLASTIC
BUILDING STRUCTURE
by Takuji KOBORI, Ryoichiro MINAI, Yutaka INOUE
and Toshiharu HISATOKU

Synopsis

In this i)aper, first of all, anti-seismic safety of the tall building structures is quantitatively
discussed on the results of the earthquake response analysis, and secondly the useful anti-seismic
design data are presented to give the pertinent dynamical characteristics to such structures, A few
concluding remarks are pointed out as follows: 1. The pertinent characteristics of the response
distribution along the height of structures can be reasonably determined. 2. The viscous damping
is, in general, effective to decrease the responses, although its damping effect differs from the
other by excitation pattern. 3. The average response is approximately regarded as a linear
function of the maximum ground velocity, 4. The response distribution characteristics are related
to the elastic limit distributions of the strength and the potential energy. 5. Thus, it can be

found that the method used here to obtain the anti-seismic design data is quantitatively valid,
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Ty ZEREkets i Ty ot LTOIICHE - TEL SR B,
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BEYReF VIIEBEEDO—ROuHEN 7 HARET S, CCTIRIEEERS L X OEIMR DMK
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S>THAT 519, FHMTRBBRSRCBRNRSRSOSERERRBRA/NSOC EBTFRINEDOTCH
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DR T P E Figs 1~4 ([CREN TV S, Figs. 1~4 OREIIHBLBESERL, k4
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Table 1 Distribution of mass of models,

Model Av Br C“sg D’ E’ F_37 S; g: %_34
7 0.3033 0.4844 1.1141
6 0.2871 0. 4585 1. 0546
5 0.2932 0. 4683 1.0771
m; 4 0. 3431 0. 5480 1..0504
3 0. 3258 0. 5203 1.0497
2 0. 3669 0. 5860 1.0804
1 1. 0000 1. 0000 : 1. 0000
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BREEAME, 8 IRRERCUEERZERL S, e BRIREEER RF Vv vv e 2RV F - HERL,
{si/51} IZRAHERRIRE TR IC X B BT IR B &R 9. 2 2iT

Hid;=B;, Bid:i/2=¢;, Si/slzjzz]{njﬁj/éqﬂjﬁl (2)
TERDOIN 5,
BRBNFeFvORERAEREEN GEEE) 1TRA4RDESVTH S,

A—39 3. 84 sec A—34 3. 72 sec

B—39 4,10 B—34 3.99

c—39 3.50 CcC—34 3.39

D—37 4.16 D—34 4,09

E—37 4.28 E—34 4.21

F—37 4,22 F—34 4,09

3.2 EBHEXNLERTIE
oot AR FRRNBRATRbEIN S,

mi%%i+ ds‘% (mi—mi-1) —di+1%(ﬂt+1 =) + Kipi(mi—mi-1 3 73, 8)

— K 1@ (i1 =i 3 Tig1, dip1) = —myaea(r), i=1,2,---,7, 50=0, n7=ns (3)
zcic

r=VE/MT, ni=;-Y)/4 (4)

mi=M;/M, di=D;/VMRK, K;=K1/K, b;=4;/4,

B;=B;/B=K1:4;/K4, ri=Ky:/Ky; (5)

@i(mi—mio1 373, 8:)=2;(Yi=Yiy 5 Ky, Koi, 4:) /K134

a=AM/B, «(t)=A(VM/K")=(d2Y/dT®)/AlT= vij/gr (6)

czT, TR, Yi:d @i, M :i IBHE, D;:i BARKIEEERE € i BEICHIE,
Ky, Koi:i BEILIEEOVIAMIVER S 2 SrRivE, 4; i BRPERERL, M, K, 4:BE, Wit &
RroEHER, A: BARMBMEERD, AT : HBINEEREEL, Y=Yo: MBER, T.: Bk
M, Ta o BEMBRERE, (T MaREREHN B,

RO R R (i i

{di} =c{A} (7)
o TcEZ53b0E L, EAREO critical damping (<4 5 14 i3
1h=61w/2 (8)

TEbENhb, T 1o [FHERHRKOCE 1 REFEEZTR T, AT 1A=0~0.05L U THMHEED
A BEBOEMRN, EEMFEEIT.
T, B2 oERERSE (r) 3
{ri} =r {p} (9)
DOETHREINE, TR r=0.2, (w}={1} &ET 2,
3.3 IERLERTINTIA—-5—

MRRAMOE 1 EHREE LTRAOICRINZ BRMER DA EZRY Eif 4, a0 ois
B BOCTREMNBHORENTEZSEOHEICHETH VY, - TENCERIRAMIEETELL,
BRI HELZAHEORERE LT (D) KRENIFKERE— 4 v M REEET 3,

yo={vai} = {[ni—mi-1 | max/8:} = (| Yi=Y -1 max/4i} 10
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n n '

IM=Ym1= t;‘:llj{c]{jgoj‘l'dj%.(ﬂj_ﬂj—l)}l max/llﬁl=‘]§Lj{q’j+Dj%‘(Yj'—Yj—l)} max/L1 By

an
WHRICET 2 KB IINEREHOFZICENL L S ICROETERT B,
12%ys ., (13 yu o)1 )
70"’=;§177':, 7D ={7iz=?](z,,'f?—7u )2} 12)
a=m?x(%—7o"')/n)’, b=—""l§“(77‘,’ii—m"‘)/70‘ as
Vdi m 7o’
P = (14all) a0

Tl 3HFARMESETH Y, AR TIE v = 1) ERATH R, Ei, BREHE—2 Y MRIC
BLTit
M =, = ™ (15)
LB E{iﬂi{l‘l‘ri(VDm_l)}

K& > TERETS,

BB OBRIC—BME A 1o, Zhd SIERFERIZE L 103, YRBITEREZBRTRETER
TEMEND B, FNTEERET ~ & WRTAHEBIITNR & 15 2 MBI A LR & EDROBE S S T
BHREOHMMBERICL > TEE %, 3.1 TEZLHEBAILBROBRTERTORE T A —4 —lH%
A=0.22g,0.33g,0.495g (g IXEHOMEE), L LTHZ, EHEK T *—& — % T4=4/6T 4, 6/6T4
9/6T4, LLTHEZ 2, Tq BEEEEBORETEOMEEERI2PIGE 3, MRTTHBIEATOME T
A= R —RUBBE T #— 2 —3RATEET 5,

BREE/ T A — 2 — :a’:ﬁ]M,-w:A/slg (16)
=1
;& Ty
v _’l2=1 . si;nT
i p—p—: L Tal _Tas an
P 1T p 4
ceT
_Z‘i _ _MATJ
p=T2, =4 (18)
FrREMAEZE U S A —2 — L LTIROES P THN 3,
rr ! A ~
=g s— =% (19)
nZBz Sl—n‘zlﬁi
n
Ly M AT, ' 20
v :——n = 12 0771
i

BV ITHE L X S THIBBA R M L BERREF MICH LT, 8.3 TEELICHBEEREOMITE, #
WRFREFHELBOBHMER T+ 0 /HEBEHEA L TERS N, ZOBRBRRMICEL RO
%o

4 EFXCERLEER

BEINI T £~ & —BRICE 1T ZRAIMERBEE K EF MC DT Tables 2~4 1R T, Figs. 5~
10ICEAKINIE 2% D critical damping ratio 2494 5%A, B, C—39, D, E, F—37T06@Eperrickd
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Table 2. Distribution of maximum ductility factor, model A-39, B-39 and C-39.
Alg 0.22 | 0.33 g 0.495
o I 2/3] 1 132| 23 1 11 132231 11372
Wk [0.02 [0.02 (0.020.020.05|0.02] 0 |0.02]0.02]0.0210.02
7 lo.36]067]09|054]057 009711.5]1.19|0.77]1.24]1.61
6 10.39]064]102]059071,001]152]|1.19(0.87|1.24]1.45
5 10.36|0.63]0.87|05 0.70]0.90|1.12|1.07|0.77 | 1.14 | 1.18
A39 | 4 |0.34|0.64]1.07!05 068|101 |1.21 121074119134
3 0.3 |0.59|0.8 |0.46 0.61|0.79|0.83|0.91|0.67 |0.9 | 1.21
2 0.30]0.61]0.78|0.48 0.63|0.820.90|0.91|0.65|1.12|1.36
1 |0.38]0.60/0.76|0.58 0.74|0.89 | 1.17 | 1.35 | 0.79 | 1.49 | 2.10
" 7 losi|o61]091]055]052|093]1.43|1.21]0.81.09]1.49
Z 6 10.38]0.62|1.08(0.54|0.67|1.05|1.47|1.35]0.96|1.25|1.63
S 5 10.33/062]1.2300.49|0.70|0.87|1.84[1.220.98|1.32 | 1.68
© B39 | 4 |0.33|0.57 | 1.32|0.47 0.66 0.89|117|1.42)0.95 113 179
o 3 10.31/0.61|1.16 0.44|0.64|0.85]1.02|1.37]0.97 | 1.14 | 1.68
2 2 10.33]0.67|1.09]0.42|0.62|0.95]1.02|1.360.95|1.20 | 1.66
1 10.45/0.65]0.86|0.56|0.68|0.99|1.26 | 1.34 | 0.90 | 1.44 | 2,38
7 |o.44]0.89]1.62|0.68]0.82]1.23]1.80 1.8 0.86|1.49 | 1.83
6 1050|092 1.54|0.82|0.99|1.46|2.03|1.87|110]|1.58 |2.54
5 |0.45/0.80]1.17/0.79(0.95 | 1.09 | 1.23 | L.57 | 1.05 | 1.47 | 1.57
C-39 | 4 |0.45]0.87]0.980.75]0.91|1.06|1.20 | 1.44|0.95|1.22|1.77
3 [0.41]0.77]0.94]0.68'0.91|1.06|1.051.34|0.851.392.08
2 10.38|0.870.93]0.65]0.97|1.08]1.02|1.300.82 | 1.45 | 2.17
1 051 1.31!1.26|0.85 | 1.50 | 2.00 | 2.36 | 2.50 | 1.23 | 2.77 | 4.00
7 los2]0.89|1.08|077]0.54|1.17]205|1.30 | 1.19
6 |0.53|0.66 1.38]0.820.75/0.88|1.01 | 1.611.20
5 [0.54/0.70]1.20]0.88|0.88  0.82|0.90 | 1.50 | 1.24
A39 | 4 10.52|0.74]1.16|0.85|1.05 | 1.29 | 1.38 | 1.48 | 0.93
3 |0.40|0.670.85|0.66|0.86 | 1.02 | 1.02 | 1.20 | 0.78
2 [0.40 | 0.68 0,92 |0.65{0.93 | 1.04 | 1.01 | 1.45 0.71
1 |0.45|0.74 | 1.28(0.70|0.71 | 0.92|0.92 | 1.95 0.9 |
7 |0.38]0.71]1.10]0.78]0.64 | 0.96 | 1.21]0.99  1.11
= 6 |0.54]0.67]1.16]0.79]0.85|0.92|1.39 | 1.55 | 1.47
o 5 10.56|0.7911.49]0.79| 1.06 | .12 | 1.71 | 1.80 | 1.62
1 B39 | 4 |057/0.8|1.45/0.76|1.13|1.38|1.76|1.77 | 1.57
Z 3 |0.48]0.78 | 1.47 |0.76 | 1.07 | 1.18 | 1.46 | 1.84 | 1.19
3 2 10.50|0.671.39]0.79|0.92|0.92]1.05|1.91]1.27
= 1 10.50]0.64|1.34(0.810.79|0.83|1.30|235]1.01 |
7 |1.33]0.98|1.40|1.49|0.81|1.50 | 1.98 | 1.79 | 1.52
6 |1.85|1.23|1.02 249 1.11|1.46 | 1.68 | 2.50 | 3.02
5 11.93|1.20]1.04|261|1.14]1.32!1.61 245 |3.49
C39 | 4 |1.46|1.15|0.89]218|1.27|1.35|127(1.983.30
3 |115/1.13]0.70 | 1.81 | 1.40 | 1.66 | 1.89 | 2.18 | 3.07
2 10.97]1.01)1.42|1.43 1.22|1.38 | 1.61 | 2.45 | 2.48
1 |151]090 |275]239|1.12|1.20|1.40 | 4.72 | 3.50
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Table 3 Distribution of maximum ductility factor, model D-37, E-37 and F-37.

Al 1 0.22 \ 0.33 \ 0.495

P | 237 1 [ 3/2[ 28] 11 11 1132]23| 1|32

EL CENTRO NS

1A [0.02]0.020.02]0.02]0.0510.02] 0 [0.02[0.02]0.02]0.02

D-37

0.33]0.62|0.98|0.55|0.620.931.42)1.26 081|117 | 177
0.31/0.7210.94|0.52 | 0.67 | 1.06 | 1.63 | 1.15 | 0.78 | 1.42 | 1.39
0.31]0.6610.97]0.49|0.67|0.94|1.30 1.08|0.72|114}1.27
0.30 | 0.64 | 1.09 | 0.49 | 0.64 | 0.93 1,17 1.29|0.73 | L.13 | 1.56
0.3410.67 | 1.2310.5210.67 | 0.94 | 1.07 1 1.38 ) 0.78 | 1.16 | 1.81
0.41 | 0.66 | 1.20 | 0.59 | 0.66 | 0.99 | 1. 371136 0.8 | 1.25 | 1.94
0.51]0.76 [ 0.91 | 0,74 |0.72 | 1.15 | 2.02 | 1.05 | 1.10 | 2.05 | 2.30

E-37

0.4510.62 | 1.04 | 0.64 | 0.64 | 0.84 | 1,32 1.38 | 0,91 | 1.18 | 1.47
0.50(0.81]1.140.72{0.84 | 1.27 12.00 | 1.42 | 1.10 | 1.74 | 1. 44
0.39]0.81|1.26|0.71 /0.8 |1.26|1.32}1.511.19 1.8 | 177
0.45|0.82|1.53|0.71(0.85|1.14 /1,08 | 1.82 | 1.16 | 1.47 | 2.16
0.4910.9811.70 1 0.70 | 0.96 | 1.24 | 1.42 | 2.04 | 1.33 | 1.64 | 2.60
0.50 | 0.83 | 1.23]0.76 | 0.85 | 1.04 | 1.22 | 1.57 | 1.21 | 1.67 | 2.86
0.6610.8711.07|1.011.00|1.75|280|225|1.72}3.8 420

=N W T, N W s O~

0.30 | 0.64 | 1.02]0.59 | 0.67 | 0.90 | 2.04 | 1.36 | 0.86 | 1.24 | 1.88
0.430.71 | 1.06 | 0.64 | 0.84 | 1.08 | 1.65 | 1.40 | 0.96 | 1.66 | 1.86
0.370.69 {1.02]0.56 | 0.82 | 0.96|1.19 | 1.18 | 0.82 | 1.32 | 1.24
0.4310.8211.4610.62|0.9211.31|125|1.92]0.93 167232
0.42 0.8 |1.36|0.60|0.92|1.17 | 1.36 | 1.88 | 0.85 | 1.58 | 2.28
0.37]0.76 | 1.12 | 0.59 [ 0.87 | 0.96 | 1.00 | 1.42 | 0.84 | 1.42 | 2.32
0.5310.90[0.94 0.8 |0.93|1.45|2.63|1.46|1.20 | 2.98 | 3.06

F-37

=N W 3N

EL CENTRO EW

D-37

0.50|0.56|0.90| 068070077 (1.32]1.24|1.08|110|142
0.5610.66|1.09|0.840.84|0.87|162|1.29|1.12]0.99 149
0.56 ' 0.70 | 1.27 | 0.84 [ 0.94 | 0.97 | 1.42 | 1.75 | 1.24 | 1.42 | 1.52
0.52 . 0.78|1.32|0.76]1.02|1.12 |1.52|1.92|0.98 | 1.75|1.70
0.60 | 0.80 | 1.3310.88 1 1.06 | 1.23 2,07 | 1.06 | 1.75 | 2.09
0.60 | 0.72 1,34 10.88)0.92|1.00 1,92 1.201.25)2.18
0.66 | 0.70 | 1.06 | 1.00 | 0.74 | 1.06 1.27 | 1.52 | 1.87 | 2.36

- DN W o U1

N
SRS

0.54 | 0.60 | 0.94 | 0.79 | 0.68 | 0.91
0.70 | 0.79 | 1.51 | 1.01 | 0.94 | 1.02
0.7310.88|1.97|1.01|1.26{ 1.38
0.7310.96|1.91]0.94 | 1.40 | 1.76
0.82|0.78 1198|112 | 1.48 | 1.79
0.76 | 0.87 | 1.42 | 1.08 1 1.10 | 1.24
0.89|0.941.22|1.39|0.92 | 1.28

60)1.16)0.99)1.19 | 1.73
521 2.00|1.37 | 1.452.82
391228155 (213|297
911216 |1.34|2.64|3.06
791233127269 |3.82
111203 |1.29 | 1.27 | 3.47
50 | 1.72 | 1.88 | 2.43 | 3.10

E-37

=N W GO
[l e S

0.51]0.650.87|0.77 | 0.71 | 0.86
0.550.77 | 1.09 | 0.71 | 0.93 | 0.93
0.53]0.78|1.25|0.82| 1.01 | 0.96
0.65]0.90 | 1.64 | 0.87 | 1.51 | 1.58
0.74 1 0.91 | 1,42 1,13 | 1.34 | 1.49
0.7210.82|1.16|1.07 {110 1.19
0.77 | 0.85 [ 1.10 | 1.18 | 0.89 | 1.07

391,49 1.01|1.16 | 1.46
531 1.45|1.11|1.21|232
39]1.66)1.19|1.30 240
81216 |1.20 | 222|292
681.9|1.16|2.00 |2 82
36|15 |1.23 | 1.38 | 2.54
.37 | 1.35 | 1.81 | 2.04 | 2.42

F-37

N e

N WA DN

147



148 FABKRFERE 95 (K. 41. 3)

T BN NERT, FH =T v D8 1 & AR OMOOCHTCBE S K OBIKIC 5 A —4 —D
HOBEBEI B0, Kix OROLERIZHE L IOBMKICIEERE €7 £ — 2 —a’ B—EDORMIC BT K
FTRBEE T A —2 — BT 28 8%, ARIKIBICGTRER 5 2 — 2 —p B5—EORMICBIF 5T
IEERE 5 A — & —ICBT 2828 LT 5, Tables 5~T (3B AEBEOMI AL HRIT ST
A =2 —ORICHT 2HILNEFR LT 5, Figs.11~16 IZA, B, C—39, D, E, F-3T06fD=
FMEK LT, ERNCRERITCHEERE /YT A — & —v' B—EORMBIC BT 2 BT <7 4 —4 —icE
TAEGE, GANCIREENSERICAE $T A —2—Dfl (A=0.33g,p'=1) Tt LTHIKMCKIZS
critical damping ratio 1A DFBARL T 5,

Table 4 Distribution of maximum ductility factor, model A, B, -+, F-34,

EL CENTRO NS EL CENTRO EW

A—34\B—34\c—34 D-34| E-34| F-34| A-34 B—34||C-34 D-34| E-34| F-34

0.86 10.75|1.11|0.84 | 0.820.98|1,030.71|0.90 | 0.76 | 0.69 | 0.78
0.92/1.03(1.110.98(1.17(1.16|1.10|0.90| 1.30 | 0.86 ; 0.93 | 0.92
1.08 10.930.98|0.881.14(1.06|1.15|1.14|1.17 10.94 | 1.20 | 0.92
0.980.8710.95|0.810.98|1.14 | 1.20 | 1.15 | 1.18 | 1.02 | 1.27 | 1.47
0.9210.87 /0.96 0.8 |1.16|0.98|1.04 | 1.15| 1,37 { 1.20 | 1.54 | 1.52
0.9210.89|1.100.92]1.19|0.92 | 1.09 | 1.03 | 1.43 ! 1.20 | 1.32 | 1.42
1.0310.99|1.37(0.72,0.92/0.80 1 1.23 | 1.04 | 1.59 | 0.81 | 0.93 | 1.08

DN W s O\

A=0.33g, p’'=1, 1A=0.02

Table 2~4 Mo 2 XS, IBERIA, o CETAEMERTH Y, ZEMNSTEIZ ICELUTHEUL
T3, Fio, 1ACE L TRIBERIIELOBRICE D, 2o%EMsmotikebELIET0 3, R
HHEHEOEARSRIEHOMAICASBOREZ S 125320, FMEAARLOSHEBIRS~DT 4 1 4
—EREEMABEEER DEELON S, WEEBROEBIEERBOAS JICBN TV S EFFIC, %5
ZER R ORILUCS BB L TN B E R B C LN 5, HILEW WIEOF—ICKEVEEBESZ,
ULd ZONROBENKTH 5, MR OENN, EEBMNHETIE, EW RFIZHERMER IR %
T—hRIZ T —ZF LTV B LI, RMOAFTFHEIKRTH D, BEBKRITHEDIROEEN S
YR &N A & 5 I HIRIMHEREBIK BB L T 2860 EEZL 5N 5,

Figs. 5~102 ST S 105 & 51" frai/vd, ol vp’ (IR S5 A — 2 =1 /o DRI, W

25— —a’ RO vOBNERTH B, (1 o' /0™ 12 1/, @ B v OFFOEKTH B K
EREEKRTRIIV, TRBEOEEEZ 2 08BEN TR, D ULARSFHRERBORMTIE, ik
IR T 7 ¥ F A T2 EEZ DR, COEBEIH, VHEGERSOE Y OR S
M ZFBDT, HMMEOBMEEDINEE LTIRALIGZRTH 5, Hih e, b 1220 TIE, chEIRIAH
REAYn TR AFRERERT 528, WHEESEH IS OEBEH T 0ZIH0 T Y £ LBKT, £
DEAEIARIED. 5~3DHFPHICINE B, T/ a+b DEII2.5~3.5DFHICH Y, a, b DEDKRE}IL~2.5
ORIICH 5 LB TX. My, yu” IKBALTR, ' 13 1/ OBOBEH, o R o OB
EBTEL, H2BREHEEBOZELZT2H, w ZEEBROZESERNID IV, T, w13
BRERVEEROBIRTAI T A —2 —DFOEMTH D ETZ D, COBA, KK 7~0.9DfEAERL
T3,

Figs 11~16 OAMiCI3 v' =const. DRBFTEHINTIBFREINT OB, ZOEMFIATLOAD S A NITR
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—HEHE, BEMROUS OANER—RT ¥ ¥y« TIAF—ZERT 5 LERL, TOMOHIR
RS A T 2 SR OB ER R L EEOR O, WERNFEOR—RBEEHILR
THHTLERLTO S, M {20}, o RO BIEAEY 5 0RIGTHEE ¢ 7 A — 4 —a' R0

13 /0 OFOEBEN B, ¥ /yo™ B2 BOWMALIEANEL T 4 — 2 —RIHTERIKBN S ¥ F LBHTH -
12DT, v'=const. DAL EFNIRESZ S DTIRILNAY, ' OEFHHIIIC OXGD T ThDERIT €5 2
— 2 —DEBESETVZIRNC LD, by, yn KB LTI v'=const. DRYTIREEE D
m&iwaf—a—wﬁm%&&m%oFE&H~W®EMmB,W%Hﬁﬁﬁ@ﬁmm‘?bmw}5;
T yo™ R &, HLUTHBERED/N S OETEREZ OMFIRIRD rate BKREWC EHH B, TN
AR ORI —AR T v0° 2R X B05FD rate [IUROFERE LT, MlEREO/NSWREFET
ATHbB. UL, ZOFELOERIZIDEEHEICE >TRD, NS EEOFBKE OFRIEERLTH
b0 y0'/yD™ 1T LT HERE—MRIIEAN D 55, EW JEEICKH U TRERMEENEBLUIRE T, #
IR DBEmMDS vo' /yp™ ZfETIRH A MIEMER LI L bB B EARLTO S, —H, ™, "
BNEHEEREOROBERET A,y L TE OBINEKRER ZENES D08 —TH %, L
EOk S T WK REOUAIL —HZ EERIN S KIS B C LhMBISNDDS, iz P
{yai/vd, yo™ AL TIE1h=0.05 DL ETHRBIMHDREFAZOEEL SN L, RICEEDFREF VITH
LT v'=const. O Z&flH KK EIEMED VINLE o™ 2 ABZE, HIB yp” MMRIC/IST A —5 —
v OMBET ST EENLIY, O MBI RATLDNDICL TR & SR e 7 v O8) 74
YoM DB BAE TS B, Fig 1T 12K BB E 14=0.02 O XHEEMREFNMIINT S 7™ @ v /T4 1K
ERTe COMMBALL &Y yp"=0.5~3, 1T=25~6.0sec BEDHIATIE, 70" O v, T iCBT 5
BRI AS BATIMCENT 3 C L sk, COARNNEEREEEMRET VOB LM &
CHRERROBENE LA THA I CENTREN S, MBEHIBEHELTOFERLDOFEEGEZT,
CTEFLOF IR AME LT 12=0.02 OB EOEAO RN EKICET 28KH
HHROBEFIEER oo" % Fig 1T 070 v MASBNARETED, RKHCERTRLTH 5.

/ AT
m_p U _p d 21
S PRV s @n
k=1, 143(sec), for El Centro NS

k=1, 381 (sec), for El Centro EW
Tables 5~7 ICHEMRET VICOVT, KETFVIELZAEROB I FHIEOBILEAHE L 20K
DfEGZ, TN RRA B OFRRICE O REVEELE DL EZ SN 2 BRI EREEICHE
TERHN = 2FORERBICH LT L TRLTH S, SMOLEITI NS BEDOEA, TR EW 3
JWOB A4 THH, Tables§,7 @ a, b Mz R4 DRAEBESBILELTH b, WELEEDHEICHAEL
P i/l 13 yp™ & ayp' o™ I SEE o BIIEHIEOBEL DRI 70'/70™ BT ayp'/yo” TH
ZbNb, a b IIRABEMBERAVER (yai/vi) OBKM, B/MEICHEL, WEMITER R BT
a, b ORETZEOMICHBBEHENS RILEN 51051, BA¥EEOMIEZZNICIE I ETHER Y
BHMBERENTN B EEZ TR, Table § 1213, vai/vi ® yp™ ITKH 2 WA T EFATHER R (2R
BYAME <yai/vi/yD" >R THRLTH B KMOLEBT NS WGHEOBA, hEid EW EOBA, TR
ZOVEHIETH bo D3 DDEIPOHWT B E A—39, B—39, D—39DF) /-3 Hsi s £ 95 &
Riiand, ROTF—37, E—37TDOIHICRITTC—393M &SIz Tt RSB E EZ B, L LIS
CCTHRIELHMENIicA—39, B—39, D-37TOHHMHIRICEHLEDORMITIS 5, a, b TREINDZER
RKEWIENEER OB DK B KU Table § DL REEIZMd 2 BE(LEAWER D OESHE
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156 BUARSSE AT ERE 9 5 (1. 41. 3)

DOUNT B, HEIEET

N OHEISEE O ERITK 25
Dk 3T B, ' EL CENTRO NS s
A—30:2, SEOERN | 'h-002 %
D, 1, 6, 7T BOE / -
KEBPPKRTH b, 15 n 5
B—39: 7 @hp0/, 1, . gk/g/ o Q_ gg
[e] a -
4, 5 BHOPOKTH b, 1.0 o oc-39
C—39: 2[@dv) 3, 1@ o o : g: g?’
po, 1 @hkTcsd OS5 o =F-37
%o SUP =143 I!.I'/Tc:ls * OTHERS
D—37:5, 7 @hpR/, O 05 1.0 15 20 25
1, 2, 3 BOPPKTH v/ Tde
2o " y
E—37:7 Edv), 6 [@ds 25 o
o/, 1, 3BBKTH ' EL CENTRO EW
2 1h =002
] 2.0 o A

F—37:7 jevh, 5 s \ /" .
Lo L 3, 4 EBK 5 .

TH 5o . a V}/ 5 o A-39
o 0 B Sx AB-39
T O ED H 1.0 L5y Xx0 oc- 39
& [ ] -
2RI fenicid, HEREE /A : g_ g‘?f
OEHR E B s 5o 05 mF-37
lHoREREN ShEL TIZR sv|5‘= |.38I 1|17Tds X OTHERS
5150, FRRORESMERE o 05 0 5 20 25
Fig.1,2 iR L7zEBb=T 1 v/ Tae

etk J B O _ . N
OBk BRAREE 4345 (8:) B L UM Fig. 17 Relation between the mean ductility factor yp™ and
PERATF V¥ v e THRNVF— the strength parameter v’/Ty;.

A e} EEMHEARKRENER

2B, TODC LD O—EEBIBENEIERE 145 o0 ICid, EBIET 7 0 OMPERRIREE 537 (8:) d L O TEHERR
KF VY p e TRAE—5T (6} OB ICEEREAHIE S5 EMRET, JICENEDIHIE S
DTHLHLENBLEELRH LT ARMEENLICEERTEEZLOND,

§5 EHEBNNZFMELHEEHEMOSEE

B2 B 1 IROMBISEHIT OREHRD S, MRE SNIHEDROENFHEOBERZERMHET 2
fodbicid, BIEEAEBT 2BEAES L il - TEBMBEREZTAE IV, COBRIIHELAM
OB DOBIETH 3 & A ICHBRARBERAFE LERH T 28R TH %, A TIRBENR=E
FOUDE) FFEE S DR IERE S BN Licds, 2.3 1l de kD il Bk, Fh—fiice
NENET 21DITROL S BFMAE L ZD,2,
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Table 5 Comparison of output of models, 2=0.02, A=0. 33g,
T4/T45=1, upper : El Centro NS, lower : El Centro EW.

a’ 'U'/Ta's 1 s
Model sup{ 74.} N ﬂ% ay/D e b W 7
a” 'U”/Tds YD Y
. 331,083 | 1.01 |0 900‘10 0714007940121 | 1.54 | 1.54 | 0.830] 0. 923
A_
5.86 | 1525 | 1.29 | 1.0200.154 0.151 !0 261 | 1.75 | 1.30 | 0.896 0. 891
w0 2.76 | 0.674 | 1.05 | 0.9340. 0655i0 07010 124 | 1.78 | 1.28 | 0. 663 0.710
B_
544 1322 | 1.38 | 1L 045|0 17800. 170 Jo 320 | 1.97 | 1.27 | 0.794 0.787
" 3.84]1.0%9 | 2.00 |1. 282‘0 322 |0, 251 \o 560 | 2.23 | 0.690| 0.805 0.763
C_
6.21|1.779 | 1.66 |1.4100.136 0.09640.179 | 1.84 | 1.54 | 0.987, 0.912
- 2,08 0.718 | 1.15 | 0.9910. 07810 07880 160 | 2.04 | 0.783 0.766 0.773
D- |
545 1.316 | 1.23 | 1. 002‘0 142 0 142 \o 228 | 1.60 | 1.63 | 0.920| 0,916
. 4200982 | .75 | 1. 220;0 258 o 212 io 432 | 2.05 | 1.47 | 0.858 0.820
E; —— e
7.241.695 | 179 |1.3400.312 \o 233 0.333 | 1.44 | 1.38 | 0.925 0.867
. 33400701 | 1.45 |1 120;0 189 ‘o 168 ‘(o 204 | 1.75 | 1.17 | 0.811/ 0,791
F,
6.21| 1479 | 158 | 11530.261 0.226 0.370 | 163 |112| — —
" 3.34]0.809 | 1.08 |0.9600. 0701i0 0730io 125 | 1.71 | 1.43 | 0.498 0.519
A_
4.49{1.204 | 1.23 | 1. 12010 07030.06330. 0980 1.55 | 1.27 | 0.873 0.851
" 3.26]0.819 | 1.03 |0 905;0 09690, 107 0.139 | 1.29 | 2,07 | 0.755/ 0.835
B_
4.35|1.091 | 1.15 | 1.0200.151 0.148 0.126 | 0.862 2.06 | 0.912 0.906
9 3310976 | 137 |1 080;0 135 0.125 0.269 | 2.15 | 0. 962 0.775| 0,762
C_
4.62|1.364 | 150 | 1.2800.205 1‘0 160 [0.241 | 1.52 | 1.86 | 0.875| 0.829
2.9 |0.710 | 0.98 |o. sesio. 07390. 08530, 131 | 1.54 | 1.98 | 0,694 0,800
D-34 =
4.65|1.140 | 120 |0.9700.165 0.170 0.238 | 1.39 | 1.27 | 0.784 0.808
3.980.946 | 1.19 | 1.0560.136 |0.129 |0.125 | 0.985 1.73 | 0.793 0,784
E-34
6.16 | 1.470 | 154 | 1. 126!0. 268 (0,238 (0.369 | 1.54 | 1.63 | 0.840 0,819
" 3.5010.85% | 1.16 |1 005io. 117 0.116 0.154 \ 1.33 | 1.75 | 0.835] 0.835
F_
5.44 | 1.337 | 152 |1.1600.282 0.243 '0. 310 | 1.28 | 1.35 | 0.865 0.839

o™ B D™ IS OB SR MO AT B AR LRECE e U TRAD I, v’ /v0", a4, avp’/yD"
DIATHIRRITE T 25 v XL EMTH 5 L& £Z0UE, LoV E ziT s maxsup{n./v}
ZRATRET 2000 THA D,
2 m 708\ £22) m
ngix s;_\pl Vi} m:x YD <1+47D,,,> d(1+9<7Dm>R)m;X sYD (22)

yp"=doyp"
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Table 6

Comparison of output, 1£=0.02, mode! A-39, B-39 and C-39, upper: E!

KEFKBPATERE O S (18.41. 3)

Centro NS, lower : El Ceantro EW,

T Ty a’
Model D" o' /yp™ | ayp’/yD" a b
A/g v
1/1.5 3.31 0.535 0,848 0. 100 6 3
0.33 0.575 0,763 0.113 0.150 5 2
1 4.97 0.752 0.0919 0.158 6 2
0. 495 0. 863 1. 000 0.198 0. 240 5 2
1 3.31 0. 900 0.0794 0.121 4 3
0.33 0. 863 1. 020 0.151 0. 260 4 5
A-39 i
1.5 2.21 0. 900 0.122 0. 189 4 1
0.22 0. 863 1,122 0.174 0.230 6 3
1.5 3.31 1.120 0. 136 0.210 1 2,3
0.33 1. 296 1. 500 0. 149 0. 300 1 3
1.5 4. 97 1. 465 0.199 0. 432 1 5
0.495 1. 945 — — — — —
1/1.5 2.76 0. 496 0,104 0. 130 1 2
0.33 0. 449 0. 786 0. 0280 0. 066 1 3,4
1/1.5 4.14 0. 941 0. 0366 0.041 5 7
0. 495 0.674 1,323 0. 168 0.224 5 1
1 2.76 0.934 0.0701 0.130 4 1
0.33 0.674 1.045 0.170 0.320 4 1
-39
B 1.5 1.84 1. 085 0.144 0.260 4 1
0.22 0.674 1. 340 0.107 0.110 5 7
1.5 2.76 1.325 0. 0551 0.070 4 7
0.33 1.010 1,748 0.218 0. 350 1 7
1.5 4.14 1.760 0. 152 0. 350 1 7
0.495 1.515 — — — — —
B 1/1.5 3.84 0.746 | 0.0961 | 0.140 5 2
0.33 0.733 2. 060 0.216 0.270 1 2
1/1.5 5.75 0. 980 0.144 0. 255 1 2
0. 495 1.099 2,910 0.224 0.203 1 7
1 3.84 1. 282 0. 251 0. 560 1 3,4
Cc-39 0.33 1.099 1.410 0. 0964 0. 180 3 1
1.5 2.56 1. 205 0. 219 0. 350 7 2
0.22 1.099 1.320 0. 480 1.082 1 3
1.5 3.84 1. 690 0. 230 0. 480 1 2
0.33 1. 649 2. 580 0. 355 0.835 1 7
1.5 5.75 2. 280 0.334 0.755 1 5
0. 495 2.472 — — _ . .
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Table 7 Comparison of output, 1£=0. 02, model D-37, E-37 and F-37,
upper : El Centro NS, lower : El Centro EW.

!

Td/ Ta's %
Model vp™ vo'/yo™ | apy /vD" a b
Alg v’
1/1.5 2,98 0. 557 0.146 0.330 1 4.5
0.33 0.479 0. 840 0.111 0.190 1 7
1/1.5 4.47 0.825 0. 146 0.333 1 5
0.495 0.718 1.170 0.140 0.299 1 4
1 2.98 0.991 0.0788 | 0.160 1 4.7
D37 0.33 0.718 1.002 0.142 0.230 3 7
1.5 1.985 1.045 0.114 0.180 2 1
0.22 0.718 1.188 0.134 0.130 2 7
15 2,98 1,225 0.0008 | 0.120 3 1
0.33 1.076 1. 640 0. 203 0.26 3 7
1.5 4.47 1.720 0.188 0. 340 1 5
0.495 1.612 1.820 0.192 0. 300 1 7
1/1.5 420 0,750 0. 148 0. 350 1 7
033 0. 655 1,050 0.163 0.320 1 7
1/1.5 6.30 1,230 0.188 0.390 1 7
0.495 0.982 1.385 0.184 0.358 1 7
1 4.20 1.220 0,212 0.430 1 7
- 0.33 0. 982 1.340 0.233 0.340 3 7
1.5 2,80 1. 280 0.178 0.330 3 7
0.22 0,982 1.565 0. 240 0. 200 3 7
1.5 [ 4.2 1,710 0.181 0.320 17
0.33 1472 1.954 0.192 0.190 3 | 7
1.5 6.30 2. 360 0.383 0.780 1 6
0. 495 2,210 3. 000 0.201 0. 270 3 7
1/1.5 3,34 0.629 0.117 0.27 1 5
0.33 0.527 0.936 0.186 0. 300 1 6
1/1.5 5.01 0.924 0.133 0. 300 1 5
0.495 0,791 1,244 0.193 0. 454 1 7
1 3.34 1120 | 0.168 | 0.300 1| 7
- 0.33 0,791 1,153 0.226 0.370 4 7
1.5 | 2225 1. 140 0.158 0. 280 4 1
0.22 | 0.791 1.219 0.190 0. 350 4 7
L5 | 334 1.520 0.168 0. 260 4 5
0.33 [ 1.188 1. 655 0.159 0. 300 4 1
15 | 501 2,140 0,242 0. 430 1 5
0.495 | 1781 2,410 0.183 0.210 4 7
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Table 8 Comparison of average distribution of maximum ductility factor,

upper : El Centro NS, middle : E/ Centro EW, lower : average.

A-39 B-39 a c3 | D37 || E-37 F-37
| l !
1.05 0.93 0.98 0.96 | 076 0.87
7 107 0.8¢ | 0.84 0.80 | 0.66 ' 0.77
106 | o8 0% | 08 | 071 | 08
.07 1.03 1.10 0.95 0.90 0.97
6 107 0.96 1.06 0.88 0.92 0.86
1.07 1.00 1.09 0.92 0.91 0.91
0.98 100 | 093 0.88 0.92 0.83
5 105 L09 | 108 0.99 1.07 0.92
1.01 1.04 1.00 0.94 | 100 | 0.8
1.03 100 | 0.8 0.93 0.96 110
4 1.06 112 J 0.95 1.03 L1 1.18
1.04 1.05 0.1 098 104 1.14
0.87 0.96 | 0.86 .00 | 108 1.04
3 0.85 103 | 09 112 116 | 116
0.86 0.99 | 088 L06 |, 112 | 110
0.90 0.98 | 086 .06 | 09 | 0094
2 0.88 0.98 0.88 1.06 0.97 | 1ot
0.89 0.98 ' 0.87 1.06 0.98 | 097
1o [ e a1z | 13
1 Loz ! o0 | 18 | 1n 110 | L10
107 | 104 134 1.16 125 | 118
0081 | 0048 | 0178 | 0104 018 | 0.133
D 0.087 | 008 . 0142 . 0111 | 018 , 0145
0.08¢ . 0.051 ~ 015 | 0091 | 0156 | 0130

—{%i} (1_<‘7’di/”i/‘)’Dm>R)2}l/2

T CT 4 IIEMR OB 2P T DA O LG O G E £ 2 5641, e (3

0<e < M& “:ﬁ (23)
<yp' /70" >R
THREICIIBEMR OB ¥, NIBIERE, WEETEIR R OZ8E 2T 5, 200310
2w 2 nIEARICITEI AN, BUEMICIE 8/3~123 BEDOEMD 7 v #1B L £2 5h, MHE&kitHE
KL E UTOERNSTIED S, 800 5 OB 2 5T D TR0, $IZTERE LTHEY
1§10/3% 4T 5 ¢ &N D, ZhIZH LT oo™ IAELERBEBTE T 25885 FHE, HA%ZiEs v
DA linear function & £Z 541, <lyp'/yp">ri3 )& L THEIR OB AL & bEMFT I R
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TEEZRERMOBEEERTREEL TR, - THELLMON 1 KR OBR & U BTN
HRICBT B ZAMOHEDORMER, ROXSiKEbENS,

max:’)’D :j(mm% vd {"i} = {yaallow. i} (24)
L yadFBERRKWELORER, vl ZZONH~7 bV, vaalow. RFBRAWMEERZIRT, (24)
LS4 ICEDICO D OHMBRME L RET I R—2 Y v+ —(FH 51 OFRRERICL-TEALS5N 5,

k d */yD™ >Rk A 2
_d(Lre<yp o™ >R %ax(ATd>={ (A+e<yp* /70" >R max (Td)}
vd 1TgT s lva gT4s

1/2 Y 12
I=s; - 1T=<n—> 17 (26)
gélﬂli

T L IZEES, RS RO BEMBEERTH 2, COX—R Y +—FHK s 3EEYO
HERIE R N DBRER L 52 56DTH D, (B)OHMUE 2 R £ HrEMZR OB 112585 RO HLS
WARBOATEZ ZTHICHT 5N b, REtDEMEE LTSI NI FABRANEROHKER 4 RUH
EEAIEE A RU Ts OFEBRAERES 2 &, BESIEEEZHET2E J1 B3RDTEZ 5615,
_{d(1+ 9<7l[):/7Dm>R)}2

$1

(25)

Ji=

@7
— 5, BEB S 51 OHEIR AT L BEE DN 9 AMEER 2L, BETZRF 0N & 11
B 75" =2/3~8/3, suplydi/vi) —I~ABEELICIHES B HEIR R OB 2 S H HAGHERE r=0.2 FBEA AT
BETHE KOBROOSUBICE > THROEHZ S5,
-~ %go. 26, 12=<’—D;>R§0. 15

Iy= maxav4/<10 50, I,= <:a70 >p=<0.25 (28)

Eﬂi@éﬂ({ﬁliﬂl%k%T VOESEn OBINBEKTEY, KABE n kI BNBIET S EE2515
BBYDHFERn=5L9 5, (BHUTRINKEITV SN SHELSM ORI M E—RIT 5 Lbd &4
B1RNCER, TNOBERIORBIEICS DIIM5 T EE2FHRE LTV 5, - T(28) DMES) 1344
AT OHERNEHLES 2B PRI SEELEE DT, o S5 b I HILE) /24
BT 2BEND D, REEEZHTINESE LT, BEYROEFTAICET 2RERE L% W25
TRBEICHE S 2 BT IR s B EZ B,

$g=51 ZB‘—JZB /Wr (29)
i Wr ZARIHMERTH 5, (25)12(2) % AT 5 & (30)42112,
li 12d(1+e<yp*/yp" >R) kmaX(ATd)} (30)
Sa= {( niz z‘) Iva &Ty4;

WoT, BEMEWLIRNETIIED S 50 BR/NGESIC & DB BN DN & 185, M
Yosfsw Wr, FREKNEROKESy SRUHENATLEED A KD T OMEBHMSEZ SNTHOL1IS
i, (30) »OMBEERN Q1) BT ARE LT Bl ICELSND Jo T, BUROB LAY
TEDRFIEABIBICAN B EEARET 3 2 2K 5,

ra= (A e 0

] (31)

COEBIEREYFROE AR OB E LT, (28) T4z ‘5 AN DINEEE B Fo AR
FTCEEBACLTEHDOEMNEGZ L LI, L UA—MMNCGEEELRT I iIﬂLH’J&f‘iﬁ%%
1 EINCHE U LTRIEZ R T 2002 TH DI E A2 5N 5, 1E-T, BiADOBETIRINETAAY
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RS D SEESHAFHEE IR ERINT 2103, EOHELLEOZEN—EEOREICE 2HER (28)
DS OBEEB N FEHENEEZEEL, HizcohT Bl) ORFEORE J, 28/NT260%
BEHAEREME LTRBTOBBHNEEL NS,

PDEo#BREREANT, AMTICERINREOBENZEFTNVIC OO TR SN iciRs  Table 9
IWRENTV D, BEFTNVIZA, B, -, FIZDWTKRA3OKIIITEMEFIEL, J13<yp'/ad™>r L
TED, eI R TOFHME LTIOBEELTH S, EBMIFMOERDS §4 THONIEKRN
WimeMBEICE ST TS, BB, o TRRONAIMERHEROFRE ks € OMEOT LML FHER
T55DTH 5,

Table 9 Comparison of suitableness of dynamic characteristics of models.

Model I 1 l 1 2 ‘ 1 3 } I 4 | J 1 J 2
A 0.199 0.126 0.432 0.201 1.062 | 0. 698
B 0.218 0.116 0.350 0.178 1. 465 0.910
C 0. 480 0.225 1.082 0.433 3.290 2.200
D 0.203 0.139 0.340 0.232 1.290 0. 760
E 0.383 0. 205 0.780 0.341 2.050 1.260
F 0.243 0.177 0.454 0.304 1. 808 1. 062

S 5 $ 5
Li=max?2  I,=<YB >p I =maxa’® I,=<a’2>p
R 7t <:7D”:> ST 70”:>

n={dAresa /TR, (18,

COX M IR S KEAFOBITFHEMILET 5EDRETF &, 1 DOEEMNIRE (28) 2
LI (27) Xt Bl) THET S ELICK - TERBMNICEDBEEZHEINTCENTHETH S, LU
BEYROWMBRANARSNELHBRALBEREL T, RIBEYRET VIO THIC (28) S0
Lid (27) X Bl) ho@IEE IFHEEM A T L@k, Hs, MBREMIT O R SR
M SR ERERRFEINLOT, T ICHBEIBERTOBROKREIET 1 — F/xy 7 « L—7Dih
BT EDTH 5,

§4 ¢ ¢ U

Ao, BT ERALOBBEAMEOMEL D —ERE S TERAMIZREIL, FEBRICGERHIh
1HBEYREB T VICHER UTE 2 B 1 KOMBISEMIT A iAS, W2 OME Lo %EiT>
LA EMROBIEB NN A HE T 28B4 FR L, 32 2B 1 IKOMEREHNT O R H O itk
HEROFBEOBREEREAOTAL, ¥R EREREZERT S LEENE LTITEDNI, TD
ORI THE SN RO ERLORROMED TH b,

1. FAAREFVERELLBOTR THARTIIRD OEBEETHERMMERNEONE T L,

2. PUBHMERE OGS R R T Z D% Oz h 1T H O ARLIEREBIZ & - THHRIT

BRbHT L,

3. IBEBROEMNVEZ ATLBIEBRRTE E % REB0R 1 5 A TLOMIEMEEIZ$ % linear function T
HEBTEBR T &,

4. MEREEOEMNMSAYERIIEE RO MERUEREE M B X R A T v ¥ v« TRV F—5
X REBSAE T L,
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5. ERAMOBIHIBG &l EE P26 N EOBRER T ERH EROFEHEIIESMCH
HHETHBET &,

BRIBTNZE S - BEHMRICC OBRLHEMN L TEYPEEREL, F-PLAMNTOERNFIEROITE
RGPS, X OWUBICHISMATE, BEWRer L, EXAEORELEE L TAORHER
Wi TiE B2 ER L, JICHIKRERERETEOTREEBIHELTYL 20 TH 5,

BRI, FICEUISEBORNE R TR ARSI ICKB OB LT 5 Lk, BT R OCEEFY
1Bt - THMARN L FMA YA B R oS ERIC&SHOELA R LES,

£ E X ®
1) MG /NESET, MRS - Mo ®iiE Rk E iy 2B Y x, FUKRE R OPETRAE R,
%54 B, MH37.3, pp.1—32
2) /NEEZ, FIFRE—BB: R A R T L= — DOWBIIRE &R L BURPE KRR, Y
6%, PH38.7, pp.44—62.
3) Tanabashi, R. and Kobori, T. : Aseismic Design Method of Elasto-Plastic Tall Building Structure,
Proc. of the Symposium on the High-Rise and Long-Span Structures, Sept., 1964, pp.17—27.
NEET, BIFR—ER : Lt oMEY R Ry R, UK RUMERRER. £7, W
39.3, pp.141—163.
NESET, FBERR—ES, AREEGA, JFEY: S 2MOBMIERGEDOMEIRE, BUKPKHREE
H, # 85, HH40.3, pp.219-—233,
NS, MEHRER JRENL AMRKA, MEBS  HUBSEAMTO—F, NARBETRIIET
ek RSO, #940. 5, pp, 129—132.
7) Berg, G.V, and Thomaides, S.S. : Energy Consumption by Structures in Strong-Motion
Earthquake, Proc. of the 2nd W.C. E. E,, 1960, pp.681-697,
Veletosos, A.S. and Newmark, N.M. : Effect of Inelastic Behavior on the Response of
Simple Systems to Earthquake Motions, Proc. of the 2nd W.C.E.E,, 1960, pp.895-912.
9) Penzien, J. : Elasto-Plastic Response of Idealized Multi-story Structures Subjected to a Strong
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