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Non-Linear Response Analysis of Frames
in Consideration of Plastic Hinged Mechanism Subjected
to Earthquake Ground Motions. Part 2.

Teruo ODAKA

In this paper, the analytical method is developed to investigate the behaviors on non-linear
response of framed structures subjected to earthquake ground motions under the occurrence of
plastic hinges in structural members of which framed structures is formed.

And the results of numerical analysis in the two cases of frame structural models is
presented.

The first case of model is in case of which changed the design in structural members on
former model of the R. P. C. structure.

The second model is the structural model with shear wall, and is also considered the swaying
and rocking vibration in the foundation.

It is evident that the energy absorption owing to hysteresis loop of plastic hinged mecha-
nism, and the behavior of structural models for the rocking and swaying vibration etc..
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s OB e v OB EE L BB OISERNT (£D 2)

EL-CENTRO, 1940,N-S.

o max.=300 gal.
o .

B9 —a

B9—c

)E 12.87 @
n 4 -
Vo5 P Lo |y ga o018
1m 168041013, 1 |20 064 o291
V10,37 F1a.92" S oy
10 21,454 15.33 =0.072
=y S —p  =0.352
46.64 119,04 - =0.127
9 26944 14.21 D0
49.19 P 23,39 = =0.113 ’
8 32.684 22.17 =20.045
=t s 20,431
50.95T 29702 =0.111
4 =0.046
7 wmadn, oLt
2 T == Jay -y =0.
5 53.03P37.97 = =0.106
38.42 35.99 =0.058
L;‘-jvt AT =0.436
55.27 P34 11 = =0.105
5 38.891 43.21 =0.068
R IT £ 0008 =0.13
4 401215100, =0.080
= & A =0.45
3 19.32 3575 :8%,3 0.451
38.807 63.06 =0.
et oy =0.444
28.087134.45 =0.080
2 16.71181.76 =0.015
= A—x=—n  =(.386
28.60P42.08 - =0.063
1 | 103.33 =0.029
777777 777777
AT E— A2 K (tm) D BIPEALAR DY

X OUHN o (R

HACHINOHE, 1968,E-W.

TR — £ v b & EEMOBIE(LIRI

A max.=300 gal.
& 17.59 H Ed
= &£ 19=0,538
1 35.18 7 15.62 = poy’ =0_13'IQ
23.89 14.05 #cy® {20,068
1 s—F—a 20,5
10 38.43 [21.22 =0.422
3596 25.88 =0.110
| PN
9 6L1taes S T
48,304 35.56 =0.123
8 66.69743.33 & 038 =0.869
,63.77153.75, =0.191
: =0.973
VRTRIRI N I Y B
| 75.0466.00, =0.333
= =0.950
6 891416661 2 0595
85.157 75.15 =0.394 .
=y 5—F—a =107
5 93.44775.71 =0.599
85.154 82.72 =0.424
et o =1.185
4 93.987.75.21 =0,5%
85.154 91.97 =0.422
= 5 =1.216
80.321.75.21 = 0,363 !
85157 143.98 =0.555
1 =1.076
2 Tl e
81,327 125.75 =0.498
i 2 =0.791
1 63.431.73.27 =0.082
149.41 =0.633
SAHNTE— A2k (tn)  ERHOIE(LRR
x : DU 0 @ B

AR E — 4 v b & &M OBHALRI

EL-CENTRO, 1940,N-S.
of max.=450 gal.
@

il 15.19

1 34
36.58 113.49 T e |=0.113°
1 20.76 | 14,34 re® | 0,073
36.83 1843 4 :0.26%
10 28.23] 19.47 =0.110
== - S
54,03 25.06 0,270
9 36.52. 26.73 =0.101
.t & o 20
8 46,701 43.69 =0.086
7 59.79 I40.58 - =0.211
| 51.624 53.61 =0.101
3 ‘LJ 4 & N
65.58 15,84 0,234
6 53.79- 58.36 =0.106
LL—‘- P
69.18747.77 - =0, 209
5 , 57.567 62.66, =0.107
3 I'J = & a
4 72.84151.11 =0.190
61.74767.20 =0.111
= Vo
3 79.05154.83 =0.084
B.671 8371, ; =0.387
2 79.24 5210 £ =0.120
65.067103.25 =0.302
3 ] = a
’ 85.10 Uss. 52 0,066
| 131.90 =0.466
MERUFE=2A>Y 8 (tm) SR AR B
x OV

HACHINOHE, 1968,E-Y.

oA max.=450 gal.

@ 18.47 :
! et & i 2
36.94 116,40 uey | =0.13€
1M 75.68417.78 pey? 20,071
55.50 122.60 SR Y
10 40.029 32.67 =0.137
67.79 135,54 & :0.5}2
9 60.62 43.36 =0.163
1&’ ‘_’x /1v Yoy yaN
77.29F53.83 = 20,608
8  70.61160.30, 1=0.344
12 ="
TR VYT R Y
7 84.7971.72.04 =0.482
: .
105.901-75.71 R
6 8470 81,42 | =0.514
2 L[ — Py
g lsarsl =0.957
84.79189.94 =0.538
/Il/ ‘_ T Pedd Ay
4 UL 0. 78¢
84.791106. 14 4701708
-1 = x
103.04 P75.771 ¢ 0,554
3 w0575, -0.873
3 = 1 & 2
92.82175. 71 £ e
2 J13.067163.57 L7828
F 7= Ay Ay
1 67.90 1101.92 =0.830
183.15 =0.88
FRIFE- AV B (tn) R DEBPEAEAR DY
x: OV o

ugy:OllilS
=0.409
=0.521
=0.616
=0.654
=0.618
=0.652

=0.693

=0.741

=0.593

o: KK

19y =0.594

=0.575

=1.218
=1.294
=1.632
=1.815
=1.859
=1.654

=1.084

L2
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2.7 MBHTHEROBE  BHERICS EO0F, HisHT
RV OURS M @iel (RP.CIIBEY) AR
BTG, F7ch bRkt A & R AL EROMITFER
22T, MEEIELDOEET 5,

(1) %1 K&kEAERIH.T=0.7212sec.t¥, FRTEERD
EA R T=0.7703sec. D#94% T, # 2 kE BB
,T=0.2351sec. (¥ FE #i0, T=0.2662sec. D #88% & 7«
D, LI TV B, ZOBEBAFRRETEREICH
A ORI I L 0D &, 3 & ORRETE T AT
AL L U, ZEEE GG AKE L L CER R
HLkDTH b,

(2) FALFEHRONEEL, —RCEEOREE X
DhhEuw, L LEELCHERThE tESHLEL
CENTRO o # & ¢ HACHINOHE o # & & Tiin s
DOMERS B, T biESR EL-CENTRO 12 X
HRABLEHOBEBEILEEFMONEMBEL » bETIS
e TWBHEDEH D, HIZKEL LT BHHD
bbb ZDHNE amax=450gal. DFETRIT B TREDHE
HEAL, BRIEMBSION—2> vy —RETHD, 2D
X, EL-CENTRO DJE&EA <7 b vtk T, IHE
fEAEH R T=0.72—0.77sec.a T & T=0.7212
sec.DF 9 7 T=0.7703sec. (ZXFEH) L hLPKkEZ
LiIciERLTWB EEbh b,

Chick LT, #ESH HACHINOHE 041t k13
LR EEHROIGEMEIL, FEMOINEMEL D $FEL L
INE W, E I amax=450gal. OB S ML AL, BREZE
¥ & ORI MR /NS v, 2 0 E ek HACHI-
NOHE o & 2 ~ 7 + ric ki35 T=0.7703sec.i= %t
T AHINEMEN T=0. 7212sec ok T AIEEME L h K ¥
ZERRERNRDDHEEZBND, & T amax=450gal.>
BECECTHBHAEA TS0 T, BEEFEICL
HEBNKECIDEEZDND, BEAMNEREIL,
amax =450gal. DAL, BETEERL O SEEERDITH
DREV, ZOBEBIFZEFERITLE - ZEM O R L O
MR ED BNt dDTH D, L LI D dmax=300
gal. DB E L, RALERONBENEEROICEME X
DAEBLTLHREGEEVG 2TV, EITTERERLSH
B2 O TRICK 5 M EMNCBEEEXLEERDIL
EMEDIZ S K E s, Tkl AW OB R 7o
BRI L 2 e EBir L 540 EE LB D,

(3) FAZEBROREEIEERONEMEL D L
TPNEWZENBLHETEH L 51T, RATEERITKT
HAE c ROWHALOET VAR L T h 2 b
NTW5B, L TR OBEKZHES» HACHI-
NOHE T, amax=450gal.oB-H B W THAEL T 7t
Vo THITEE c RO IAHEINLI/cDTH B,

*

(4) ZRBOFERBUREP SR LA T H01T, B
OH EEERA & BRI A L ST U —HKT A EE I
b ETE, BRI OO CEINERERERC S )5 B
NEBHTELDT, EBOMKERERLYEATS, &
DB EE T8 A BT RN 5 () 5 R AR B 1 3R s
Do T DFERZ O BREIAER IR SR BRI
REPOBETISEUL TR Z EBHALTH B,

3. f@rfl2) ¢ (H.P.C. 9 B&EH)

3.1 MIE WT 1B #E9IBo HPC oz
PR D RGO T 5, T OBWIEHITT
FHEOE X IX77m T, 5.5m HICREFE15 47 it E
fF5 =2 vngEFbhTuwb, £ L TI57 O EREA
ES—AVEEELEDTIODOMEREMNE T — 2 VIZZSH
B L TN S D,

R-RHBMEZ R, ALCHRIC X alt KB EE L, it
R (XXIXT K, 0 R O f5# A A L e PCHRAE B
T 5, RIRBESBITb=av 2 ) =+ &L, B PCHR

_RAL
28( OiFL t=207°"
ZQ&E
1z
| 6FL
5 t=207°"
| 4FL
18FL
1281
(%L.ZQ)QFL | t=207 <"
C N
8730
R TV RERET IV

H—-10 ZREEETFL LIRBRET L

CEBh—F Vo r—ATHbH, ERINITHLERET,
R TR BV T B, B E135.40m ¥ X 07.60
m o 2 fEE, MEEL.20m o~ bHLE L, nfES0LE
DEFBIZHEIR TS, HEEREIC I IEERB
5m—8 moOfEice — 4, Y bhBIOHPOERER
B5, RI0LZ DEY DN €T VETRT,

TR AR IREIABRG) DM Thh T b, REVRERIC
I AEERPEIETITRENS,

3.2 EBESET KRS 5EEORIKE~
MY v 2 AE= Y v 2 AKIC X AEEBITEYCX 5
THEEIND, BINCULELHERE IR LRI NG, ¥
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K| 24| A 7 7 RLE-A v SHRIRSH | 3k IR A M BEEB | evdvs/R 2y (4F
w® 8w # (kg.m) f(1/sec) “T(sec) h
- 0 75.0 2.40 0.416 0.012 0.425 0.049
“ 0 8.0 2.47 0.405 — —_— —_
puj
~ 1 1 75.0 2.64 0.379 0.015 0.480 0.055
Z 1 8.0 2.73 0.366 — —_— —
fH 2 20.0 5.08 0.197 0.012 0.248 0.039
~ 2 3 7.0 10.50 0.095 0.045 0.206 0.082
0 25.0 2.19 0.457 0.022 0.018 0.030
J;%i ' 0 8.0 2.30 0.435 — —_— —_—
?ﬁi— 2 0 18.0 6.99 0.143 0.036 0.005 0.400
- 3 0 7.0 11.30 0.089 0.052 0.041 0.095
xR . ZEMITAE (REFTE) DT
RAMMERE | WEm2KkE—2v | BRGEH | BHERE | ¥ v 7 X | 2AWRIK
Ax(em) Ti(cm*) k 1 B1* E(t/cm)** G(t/cm)
9 180711 0.148x10% 1.50 1.50 2.1x108 59.00
8 ” 0.148x101° ” ” 4 ”
7 ” 0.148x 1010 ” ” Vi ”
6 ” 0.169x 1010 ” ” 4 4
5 % 0.169x101° ” ” ” ”
4 ” 0.175%10% ” 4 ” ”
3 v 0.175x10'° / / // /
2 % 0.183x101° % ” ” ”
1 180711 9.183x101° 1.50 1.00 2.1x10% 59.00

*OUEINRERIL=0.1LTc B
RN EEEDS

TeEH BRI AR AEEOHE L v v F Y I B I VA
VAV I EHSBEICOWTTI,

FENTIC LB I B XR 9 IR &N D, ke v F v 7
FLOAY = A v 72T 5 EREBIIRBRAEBR O R
X0 EE LT, EREMN L Jacobi it X 5, Z DFER
L O EBREEDOHE L L5 THRVWBEDOEVIHNTH
o

3.3, WENEHEN  HMEBISEEIT TRV R v ¥
VIRBIURY = A v R FEITKIT D REOMME
DRt~ b ) v 7 2% 81T WWRdhb, ERH
&, SAWRIE, TAWBERESEOEREIRIIRSL
%o

ST IS 3 1 B IETC L, BERE D @ AT L T,
Milicm & s BI-LINEAR Bl & 95, {EF S ¥ 5 HE

#x EL-CENTRO, 1940, 05, 18, N-Spi4 & L, &k
IR amax=500gal., HkFifFf Td=5.0sec., KR
X &k At=0.002sec. (7 V) v 2 —DFTHH L X0, 01sec.
HEH) L ENhb,
BWRE~PYVvy72 [Cl 3ry v/ RIU0RY =AY
IS GEORBORME~ Y v 2 2% [K] &Th
iE, kA TKE B,
2,h

=2
2T, #1IRBEER h=0.02,
81 KEBMIRBH | 10=15.43779 (1/sec.),

(C] (K]

21 REHRERL . T=0.4070 (sec.)
INE RIS R 13310, B X OKINTR S h, »oX12,
K13, BLIORKUICKRENS, ThHDORL Y ThE



242 N B OB Ok
®9. BWENE (BEFR) 0T
L B | A BRI | eAK 2 KB | CAMTERER | & ABTRERE | B | BEREK
Hi(m) |mi(tesec?/cm)| ka(t/cm)* | Kai(t/cm)** | 851,y (cm) 7say(rad) ki(t/em) |k(t.sec/cm)
9 2.80 0.601 0.7108x107 | 0.7108>x10° 0.056 0.20x1073
8 | 2.65 0.492 y " 0.053 " / /
7 Va 0.487 Vi ” ” ” / /
6 Vi 7 ” ” V4 ” /
5 ” Va Va ” ” ” /
4 ” Va ” Va ” ” / /
3 7 Vi 7 7 7 Vi / /
2 Vi 7 Va ” Va4 Va / /
1 2.65 0.487 0.7108 X107 | 0.7108 %108 0.053 0.20x1072 / /
0 0.713 ko=0.119X10° |co=30.8728
1,=0.235x10°
0 ’(t ) Ko=0.691X10"° |C,=0.1793X10°
.sec.cm
¥ Key = %(t/cm) K = %(t/cm) (tecm/rad) (tesecs.cm/rad)
=10, FRICEE
@K G| WREOR | eokvsi | B K G| MM K G | GORMEG | ¢ ANREED *‘gg;‘g&ﬁ
(:;‘; ! Mg 2item) ulem) OH (cm) nem) 81(em) Builem) Serlem) Yo
A !
(\T" l: 9 7.4132 0.300 1.7688 5.5550 0.4194 0.3845 0.0349 0.6232
i, |
C"' :‘Y‘ 8 6.7956 ” 1.5624 5.1356 0.4132 0.3543 0.0589 1.1113
& ik
E ,' 7 6.1957 ” 1.3671 4.7225 0.5228 0.3284 0.1944 3.6679
- l“r:' b mMi
in ) 6 5.5273 ” 11718 4.2205 0.6345 0.3116 0.3229 6.0025
‘\!,' QH& ! s
(‘~‘ ,‘ i 5 4.7582 ” 0.9765 3.6155 0.7168 0.2860 0.4308 8.1283
hd I ; .
H ! u::,' :' Sl 6’" 4 3.9445 " 0.7812 2.9265 0.7649 0.2448 0.5201 9.8132
i, I
&) HOR T 3 3.0998 " 0.5859 2.2554 0.7690 0.1880 0.5810 10.9623
J‘_,"'“‘" 2 2.1742 ” 0.3906 1.5159 0.7637 0.1159 0.6478 12.2226
| S
xo 1 1.2252 ” 0.1953 0.7528 0.7528 0.0418 0.7111 13.4172
0 0.3000 0.300 0.3000
0.737x10°
0 rad
hOIREES L CREDER, TibbAay=1v 7k . &
=]

£
BN TH 5,

oy v SRS, BXORAE, BHTEBSEOES

7ok, “fHER(2), B)ITR T, FBIKTHRAMN
ERAMEHADOBRERQ—T.s), KIO1BE3IBILEK

Z)O

AIERIC R VT, #BEWck T 5k - BBk
b v OB RET D IRE R BB T ER I, T E R

L,

COHERWRICERITECERT 2 TR RE

Lice T LTI OO LM A FBIC L » TRL,
%:Fﬁ%g?ﬂﬂ }%_fio
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243

FESD | B B |BeAW | BRAWMNRE | &RElz— v (X mEE|E & & B
(xi+10) X
Pi() Ki Qi) gi Movr(X10%t.m) (cm/sec?) (cm/sec)
9 |837.81|1.4225| 837.81 1.4225 23.459 1394.03 90.63
8 |593.22(1.2303 | 1431.03 1.3360 61.381 1205.73 80.94
7 | 496.10 | 1.0395 | 1910.01 1.2335 111.852 1018.69 76.23
6 | 427.96|0.8967 | 2257.43 1.1144 171.056 878.76 74.19
5 | 426.83|0.8943 | 2506.08 1.0013 235.152 876.45 69.08
4 |430.35|0.7017 | 2707.08 0.9084 301.601 883.67 59.79
3 | 400.18 | 0.8385 | 2887.04 0.8350 367.734 822.73 47.72
2 1332.22(0.6961 | 3113.60 0.7913 435.631 682.19 33.15
1 | 284.08|0.5952 | 3349.55 0.7592 505.397 583.32 18.12
0 |472.96|0.6769 | 3572.72 0.6791 505.397 663.33 44.82
5 §=500.15 6=0.0126
(rad/sec?) (rad/sec)
RI12. LEHHA (BAL 1107 %rad)
S | mory s | B | A i | e | AR
R* 0 Ri—6** 7 Ri—6—7 7/R—6 | R—6-7/Ri—6
9 2.2060 0.7370 1.4979 0.1245 1.3734 0.0831 0.9169
8 2.2637 Z 1.5592 0.2223 1.3369 0.1426 0.8574
7 2.5222 ” 1.9728 0.7336 1.2392 0.3719 0.6281
6 2.9025 v 2.3743 1.2184 1.1759 0.5089 0.4911
5 3.0703 " 2.7048 1.6258 1.0790 0.6011 0.3989
4 3.1875 ” 2.8863 1.9626 0.9237 0.6800 0.3200
3 3.4931 ” 2.9020 2.1926 0.7094 0.7555 0.2445
2 3.5811 ” 2.8819 2.4445 0.4374 0.8482 0.1518
1 3.4911 0.7370 2.8408 2.6832 0.1576 0.9445 0.0555
COREFETHS O R-60) ORAMT, ROBAML 0 ORKEOR L IHES,

RIS IS TUE, B 2 Flic o TEET L, RiER
IRV TIRE S NI O Z4H IOV TER LI,
T DOFRER,

(1) AEHFrEc iy, Sk 5 &80 BHE(L
DKW EER L Ien b, MERICH T 2BEHOEE %
BECIBTE 5, Thbb#iiz v ) — ME&ECEk
5, Hoe cElhn, BERORRE, FreghilEics

FBBEROKE, Tob KBRS OB RT3 1 56
NLEROREEHAICT S Z ENTE 5,

(2) BEHEEICL 2EEMOTERNT IEED» ¢
AWTRICEIR L TR %, BB - R AMTR &
LN &E T, & IR DFMCE VLT, H
BIGECHDIsECAEL B,

(3) HMBEDORKAEELT, AV=AVS, rRyFY
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0 15
9 9I- 1
8r 8r
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SEW

(WVhmEk  EEHM oWtk c v oY E R L
WMOIGEREY, FAMTERE, “PemRe " No.17 : 1982,
03.

(2) /NERBRM  EH oMM e v oA ERE L e
DICERN, BABESSFEMBEFME 1973, 10.
() HEAME®D KEWEELL-EBEEOHNM
Br, BAMERA &HEHR No.60 : 1973.

) PIEBEM: =) v 7 2AFEGCERBITO—%
%=, AXREHE, £3EPIRES, <) v 2 RS
AT AR SCEE 1 1969, 05.

1) ry 2V I/ BIVBRY = A VI RESBEICE
FHREOHMERRIME <+ ) v 7 A,
T642) 0 18, 38, S5BICRIT5RAMT &AW
DB
43) 1BELEIBIRTHRAMBRE L BAMED
BA £
81 . REORIE~LY v 7 2
STIFFNESS MATRIX
4 X x % % X%
[ 0.1206171D 11  0.5974777D 07 —0.1787714D 07 —0.1257026D 07 —0.8822605D 06 —0.6071041D 06
0.5974777D 07  0.3781937D 05 —0.2696820D 05  0.3148763D 03  0.2210001D 03  0.1520754D 03
—0.1787714D 07 —0.2696820D 05  0.5214731D 05 —0.2674446D 05 .4713405D 03 0.3243404D 03
—0.1257026D 07  0.3148763D 03 —0.2674446D 05  0.5195572D 05 —0.2686636D 05  0.3973330D 03
—0.8822605D 06  0.2210001D 03  0.4713405D 03 —0.2686636D 05 .5183972D 05 —0.2691663D 05
(K] =|—0.6071041D 06 0.1520754D 03 .3243404D 03 0.3973330D 03 —0.2691663D 05  0.5176174D 05
—0.4119175D 06  0.1031825D 03 .2200636D 03 0.2695887D 03 .3576653D 03 —0.2696671D 05
—0.2799146D 06  0.7011666D 02 .1495421D 03 0.1831965D 03 .2430480D 03 0.3395280D 03
—0.1786323D 06  0.4474615D 02 .9543286D 02 0.1169100D 03 .1551053D 03 0.2166756D 03
0. 0
0. 0

(=)

(=)

—0.8537630D 05 2138617D 02 .4561160D 02 .5587645D 02 .7413169D 02 0.1035589D 03
—0.4848311D 06 1214468D 03 .2590171D 03 .3173087D 03 .4209757D 03 0.5880856D 03
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Xs Zs X7 Xs X9
.4119175D 06 —0.2799146D 06 —0.1786323D 06 —0.8537630D 05 —0.4848311D 06 |
.1031825D 03 0.7011666D 02 0.4474615D 02 0.2138617D 02 0.1214468D 03
.2200636D 03 0.1495421D 03 0.9543286D 02 0.4561160D 02 0.2590171D 03
0.26958387D 03 0.1831965D 03 0.1169100D 03 0.5587645D 02 0.3173087D 03

0.3576653D 03 0.2430480D 03 0.1551053D 03 0.7413169D 02 .4209757D 03
—0.2696671D 05 0.3395280D 03 0.2166756D 03 0.1035589D 03 .5880856D 03
0 0 0

0 0 0

0 0

0

|
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0.5169334D 05 —0.2697952D 05 .3106816D 03 .1484885D 03 .8432300D 03
—0.2697952D 05 .5153171D 05 —0.2707774D 05 .2306005D 03 .1309524D 04
0.3106816D 03 —0.2707774D 05 .5131812D 05 —0.2720383D 05 0.2023896D 04
0.1484885D 03 0.2306005D 03 —0.2720383D 05 0.4958340D 05 —0.2305922D 05
0.8432300D 03 .1309524D 04 0.20238906D 04 —0.2305922D 05 0.1717574D 05
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