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ABSTRACT

Due to its good performance in architectural structures, the concrete filled steel tube
(CFST) is widely used currently. But for the concrete filled steel tube structure research, most
researchers focused on components and joints of the concrete filled steel tube structure for
some restrictions, so the overall performance of structure researched is relatively less. In
addition, there are limits for the seismic performance research. Most of the researches are
mainly in the hysteretic curves under cyclic lateral load. And the shaking table test research is
less, therefore, for the concrete-filled steel tubular frame structures research still needs a lot of
work to do. In this paper, the following aspects of the concrete-filled steel tubular frame
structures to study.

In this paper, for the elastic-plastic static analysis, the performance of three designed
CFST frames have been studied under the different lateral loading modes.

Secondly, to verify if our simulation method is reliable, a structure from a seismic
shaking table test has been simulated, and then the time-history analysis has completed under
different working conditions. The results showed that the numerical simulation results agreed
well with the test results. And it is verified that based on the nonlinear fiber beam-column
element methods in the OpenSees platform can be well applied to the dynamic analysis of the
concrete-filled steel tubular frame. Then, used the same method, the influence of different
parameters has been studied, which are mainly the damping ratio and the site classification. In
this paper, the engineering used value of 0.02, 0.03, 0.04 and 0.05 have been chosen as
research objects. Through the analysis of damping ratio research, it indicates that there is
some effect for dynamic characteristic of the concrete-filled steel tubular frame, and the
influence of damping ratio in the elastic stage is greater than the plastic stage. Through the
analysis of the far-field ground motions research, the seismic response of concrete filled steel
tubular frame under the different ground motions is different, but showed that the earthquake
response decreased with increasing of shear wave velocity certain regularity. And the large
discreteness of the earthquake response means that there must be other factors influence the
results.

Finally, a comparison investigation of calculated results showed that the inverted triangle
lateral force distribution calculation results more security to calculate the structures than
uniform lateral force distribution after incremental dynamic analysis (IDA) and elastic-plastic
static analysis analysis.

Keyword: concrete filled steel tube, frame, elastic-plastic, time history analysis.
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R 2.1ATC-63 B XAMIZIE (BEBEEH AT 10km) HESNIEE

s | Rk | RAFA ES R & P S
1 6.7 1994 Northridge Beverly Hills-Mulhol uscC
2 6.7 1994 Northridge Canyon Country-WLC USC
3 7l 1999 Duzce, Turkey Bolu ERD
4 7.1 1999 Hector Mine Hector SCSN
5 6.5 1979 Imperial Valley Delta UNAMUCSD
6 6.5 1979 Imperial Valley El Centro Array #11 USGS
7 6.9 1995 Kobe, Japan Nishi-Akashi CUE
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8 6.9 1995 Kobe, Japan Shin-Osaka CUE
9 7.5 1999 Kocaeli, Turkey Duzce ERD
10 7.5 1999 Kocaeli, Turkey Arcelik KOERI
11 | 7.3 1992 Landers Yermo Fire Station CDMG
12 | 7.3 1992 Landers Coolwater SCE
13 | 6.9 1989 Loma Prieta Capitola CDMG
14 | 6.9 1989 Loma Prieta Gilroy Array #3 CDMG
15 | 74 1990 Manjil, Iran Abbar BHRC
16 | 6.5 1987 Superstition Hills | EI Centro Imp. Co. CDMG
17 | 6.5 1987 Superstition Hills Poe Road (temp) USGS
18 7 1992 Cape Mendocino Rio Dell Overpass CDMG
19 | 7.6 1999 Chi-Chi, Taiwan CHY101 cwB
20 7.6 1999 Chi-Chi, Taiwan TCU045 CwB
21 | 6.6 1971 San Fernando LA-Hollywood Stor CDMG
22 | 6.5 1976 Friuli, Italy Tolmezzo -
% 2.2 ATC-63 UK AL (BEEEH/NTF 10km) it BEhigR
T | R | KBS Hi & 44 FR WK B AR S
ik 2 54
1 6.5 1979 Imperial Valley-06 El Centro Array #6 CDMG
2 6.5 1979 Imperial Valley-06 El Centro Array #7 USGS
3 6.9 1980 Irpinia, Italy-01 Sturno ENEL
4 6.5 1987 Superstition Parachute Test Site
USGS
Hills-02
5 6.9 1989 LLoma Prieta Saratoga-Aloha CDMG
6 6.7 1992 Erzican, Turkey Erzincan --
7 7.0 1992 Cape Mendocino Petrolia CDMG
8 7.3 1992 Landers Lucerne SCE
9 6.7 1994 Northridge-01 Rinaldi Receiving Sta DWP
10 6.7 1994 Northridge-01 Sylmar-Olive View CDMG
11 7.5 1999 Kocaeli, Turkey 1zmit ERD
12 7.6 1999 Chi-Chi, Taiwan TCUO065 CwB
13 7.6 1999 Chi-Chi, Taiwan TCU102 CwB
14 7.1 1999 Duzce, Turkey Duzce ERD
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JEpk B4R
15 6.8 1984 Gazli, USSR Karakyr -
16 6.5 1979 Imperial Valley-06 Bonds Corner USGS
17 6.5 1979 Imperial Valley-06 Chihuahua UNAMUCSD
18 6.8 1985 Nahanni, Canada Site 1 -
19 6.8 1985 Nahanni, Canada Site 2 --
20 6.9 1989 Loma Prieta BRAN UcCsC
21 6.9 1989 Loma Prieta Corralitos CDMG
22 7.0 1992 Cape Mendocino Cape Mendocino CDMG
23 6.7 1994 Northridge-01 LA-Sepulveda VA USGS/VA
24 6.7 1994 Northridge-01 Northridge-Saticoy USC
25 7.5 1999 Kocaeli, Turkey Yarimca KOERI
26 7.6 1999 Chi-Chi, Taiwan TCUO067 CWB
27 7.6 1999 Chi-Chi, Taiwan TCU084 CWB
28 7.9 2002 Denali, Alaska TAPS Pump Sta. #10 CwB
FT 23 (BRAIEREMSEITEMN) HEFERTEEFMAEITHER
Y FH TR0 R B4 f i N FH T S A s N RN A LN
Hh (0~0.5s) (0.5~1.5s) (1.5~5.5s)
75 H R
| A LS4 B sk | A% LS4
il 5
1985, La Union, 1985, La Union, 1985, La Union,
F1 Michoacan F1 Michoacan F1 Michoacan
Mexico Mexico Mexico
I 1994, Los Angeles 1994, Los Angeles 1994, Los Angeles
F2 Griffith Observation, F2 Griffith Observation, F2 Griffith Observation,
Northridge Northridge Northridge
N1 1988, 174k AIRE N1 | 1988, 17 A JREE N1 1988, Ty A RS
1971, Castatic
1979, El Centro, Array 1979, El Centro, Array
F3 Oldbridge Route, San F4 ) F4 .
# 10, Imperial Valley # 10, Imperial Valley
Fernando
II 1979, El Centro,
1952, Taft, 1952, Taft, Kern
F4 Array#10, Imperial F5 F5
Kern County County
Valley
N2 1988, k41 N2 1988, k41 N2 1988, Hk4 1
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1940, El Centro- 1940, El Centro-
1984, Coyote Lake ) )
F6 F7 | Imp. Vall. Irr. Dist, El | F7 | Imp. Vall. Irr. Dist, El
Dam, Morgan Hill
Centro Centro
I 1940, El Centro- 1966, Cholame
F7 Imp. Vall. Irr. Dist, El | F12 Shandon Array2, F5 1952, Taft, Kern County
Centro Parkfield
N3 1988, k4 2 N3 1988, Mk 2 N3 1988, Mk 2
1949, Olympia Hwy 1949, Olympia Hwy 1949, Olympia Hwy
F8 Test Lab, Western F8 Test Lab, Western F8 Test Lab, Western
Washington Washington Washington
1Y 1981, Westmor and, 1984, Parkfield Fault 1979, El Centro Array #
F9 F10 ) F11 )
Westmoreland Zone 14, Coalinga 6, Imperial Valley
4 1976, KiFtB=pi, \a 1976, RiE= P, 4 1976, RHEERL,
JE L R JE L Hh RS E L AR

i ASHHS FRAREMIR, NRRERIER.

FRIF ) GRSV BN CECS 160-2004 (i) 7 eba 1 i sk
IR e B BEAT T ARSI, WK 2.3, BRibz Ak, AL 745 (2009) 8N i A 5 A A
€ 1 43 SoE AN RS (B E MRS 17 4%, PEGEHX 17 4. BEAH 9
)\ 43 ZIE G T VR 451 sl R fa e ME R X PR I H I A HLE D) (B
FEE A HFES) 15 45 T EGEHIX 22 4. FE P HL 6 4%), kb e A R I LA A
3t 38 UM AN HES) (BFEESMMES) 15 4. P EEGEHIX 17 4. P E N 6
A1) J 42 3G G T BB — R A AL B R e S P I X PR I S i A E B (f
FEEASMbREZ) 15 41, HE SEHX 22 41, PR A 5 4.

MHT, AWK HREE, SEMEEARRK, X TaHmi o T
g TR s K o BEE T E AL A AT &, 530 7 398 P IR 23
JIEN T TS OB AR AL, AHAESN ) BBV o M T b A g5 f vt o
BN Z N
243 S MO HHE (IDA)

#4573/ #1ik Cincremental dynamic analysis, 1DA) J&—FfH T-VPN G5/ HLRE I
REMIMT 70, B IBEARML WG — R MR e o L —RAIF 7, M dL “ g~
A—RYIMES N REETHRIX RS R HERShIER T S5 3
oxihl “shymipy AR RE S 24 ik, UEHiZERIA IDA #hek; ABHhESdR, M
M2 4 IDA HiZk; X II2 4 IDA LTS, WP EA R R 7K
HE NI g/ PERE, a4k 448 ] A1 CGimmediate occupancy, 10). ANE] 5% BRAR A5 55

(collapse prevention, CP). #EfAZAEsS (global instability, GID %, MZEIPEAS
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%, IDA T LLBEAE R —Frsh HHem il WS —AMa ks, X AR E Haiat T
ARG ER RS IR, Rk e R D SN T3, 1ZAN R B B B B gt
AT R AN BRI S b ey, R SRR 45 R I B P B 1) SE AR Qi — 0,

FLT- 1977 4F IDA VEIEAME &k i Bertero M43 T, AR SR IR Py v b ok
%2 10 2% DL A % 30 51N B &5 /) 3 T 1k A8 6 BT 55 VA4 op ROAR0SII0NN0S] - 5
FEMA350M%, FEMA3511% b ER ] IDA 4 g PIAG 45 6 AR (RI 3 58 0 (11— Bl vk
[ Py B (2004) DOHZ A IDA ot B IOANHESREEAT T 8 Al R T vk
BEVEAl; ST HLA% (2008) PR IDA 3BT T 6 J2AI 10 240 7 VR Uk - HE A 45
Pushover J7 i AN RN 1 A8 et HH A 45 B mins F3s% (20100 MOnt & 15 2 AHELR
RO RS SR TG R B )4 i, ARJEN AT THURTEREVEAY . R WL,
HUR/D ILEKE IDA v5is H TA0 8 TRt L HEZR S5 M g5 /IR o0 A v P4l b, Rk, K5 IDA
VEs FH BN TR S5 40 2 O N TR R A A AT DU PR R A T R AR A A T

2.4.4 B }1 B D HTRI L ER 5

) 1SRRG A B TN IR R L SE R S, PR e A AU REE T R B A
A R AR, I H RS SE A S NSRS AR TR (AR LA T AR
WG, Tk, AL ] LI Sk dtAT 22 07 a3t e sl A, AT S 411 1) 1 i 4544 1
BATT M PURNERE . SR TF RN, HAR A IDA o0 G5 AT HUR PR REVEAL, IR
2R F RS T AV, AR R4 “Bhm - R R R s S8 L,
IR EAG 2 2 RSN 1) IDA 45 R H Sl 5K g A\ MR (I B R H i BT 58
SEAARY, KR MR E RN [F (R S AR R bR sh 24, A S T
RESMIZEIRK, Fh, M DAY, & - FGEshe A2 R, B
Hit UL AR R B R BT AN REARERR K T e A A s sl i o0, IRk, 30834
R BH RE E—NARH 28— ANl L, Bt RS 2 T LR RS s ) — A E 2
FR) 1)

2.5 GhbAE L 1 o) B A ok o

FERARSE I —RET AR 5 =26 (JR3eoE, 2005MD: JUMTARZRYE . MRLARZE M
LAR A ARG . 4TI TS5 M AL A BN ASAR 2K, DA T s AR IR I 1) LA iz
BRENP R, RR R I AR D ST AR A A R AT AR R B e B,
AR 5 1N ) N AR S R A AR R, SRR S EARZ A RHRZ A i L 55 4k
AT — Rl AL AR NI T A o T 5RO AR T A4, FRIXRR ARG 5 | S R AR 2 i i)
TR A3 F AR il L

AR A 1) R SR AR VAR BRI SR AF— DAL AR, B — B AT 2T 15
HXH LA RAT R AR FNBOS S M BEATAT BRI A, IXFE AT LA 21— 4R A7 0 R
il
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[K(6){o} ={R} (2.23)

A KO B RIERERE, T a8 M s {oy 1 A2 58 {R} N &

T BCHIRE o AL R B2 R [K(0) 1A 7] T2t 1) 0 v F) S W R RELR, R &0 3R 2
LA E, ERMHE SN AR AL — . Ji5h, fEM BRI
AL, KA ) AR TR) 5 AR K B B [DIAR A2 B Y A2 BN, ) AR AR ALY, e
ANG SR ) LR A A B ARAT A — B T BN AR KRN A AL AT R, W
LS UL SE B b A BERE Bt B Y s R 88 K/ AR T AR AL, 2T RS (M pR AL, BT

[D]=[D(5)]= f (o) (2.24)
FH 5. T I R R B2 Sk O S R A
[K(5)]=Y [[BI"[D(&)][BldV (2.25)

M (2.25) Hrnf A, BRI 45 FA AR RIS A BE K (O)[HE A2 — AN T4 s S {0}
MR AR FEaN (2.23) HafDLEH, EA BRI B IIFE{0}, DAL E
RE RS A7 BB BRI AN S AR BERE FE[K(6)], AR T B 20 5 A4 M1 BERE B [K(6)] X A 2k ok 7
B HIBE{o} M, HETIA RERNE 55 SRR AR . WY ) R eI BERE R, I FE 1K 47 I 6t
T4 FLB R AR AR L 1 7 R oK T AH 4 K I TR X

A, AR T BUE SRR AR AR L R, AR R SR A 1 B 72 K X
LA R =28 AR R D S B IR A TR 3 v B AT 3R 4y
AV, RERUOEIN— MR E— AN B, 8 WA R A
BAEARF G, WIBEHERERT DA A FRIMEUE, 5N - N K RN . 1A
R RAE R UGE AR FE P AR N 4B 2, E R E R B DS A A RN A, A2 % A AR LR
PERIR F1-N AR K R . BT IBTRAvE st 2 R R T 3 By AR, B fr 34754k Rl 43 Ay
fr g, (HIG AR, MRy B8 B AT AR

2.6 INE/NLE

AT RN E TRt AR SR AT (R B PR RE BT, ASTE 15 oo 4 T AU 2R 4 R At
AU B AR 1) — BTV DL ARG oo A b W B R RS ST 59 . R R o BXH e g
EAVE S Ay BV AT SR B R I R 0 M PR B3EAT T 4 .

HESREEF BTN T TR R, ASCRBE A T BB VA . RAAE AR AT
%, VAL EA A T 5 PPOTER I — LR i, D J TS SN VR o AR R ey 8 A AR
{REZ:7oe i

FERF S FRAANE T BB R, SO Gt s sV T 5 R I REABOE - WD
I AT I IR U3 3 DL U RS DL IR R D 5 E38E AT T — 28 2, AR, X g e
PE M5 I — LR LR AT TR SRS 4 o 0T RS S BT A — B R DL K
JysRERVE o A ) SR A, A TR e A SR A A g s ) A I B e
fidt, O JiE SC AP O AT S FEAN [N 28R AT g SR 23 A LK R A4 D0 4T LU AN 7] 28
BTN SR IR AN[R] B St ok T BRI AR o

FEB) SRR RE 73 A B S i vh, X3l A [ b 45 30 1 5 RE R S AR A A
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Lk )RR R SR MR IR RS T AT 1R 4, SRR XIS B ) o Mk
CIDA) LR s Jy 588 ML o M J7 i AL sk i TR R BB AT T 87 B A 2 . Sl 0 454430 )
SREAVE AR A BRI A4, D4 5 SOh 3EATH0 B TR e AR SR A A s BB PN R o A I, O
A 5 LRI AN [7] b 522 3h 508 407 VR Ut - A R 4 1) AS [ 5 1 LA S Tk S AS [ BEL e B x40
TR e LRSS R AR M e R B A o ALk, 120 TR T 3 0 DL SR A el s
TRUA G S JISRARRG (0 — L2 [N 38, XS S5 50 7 N RE 73 A I 3 1 ) — 28 [ iy R AT
RR B o

AT T G REAT HIEYE A (1) — LR e B, QdnEh i Bk B
PRI —BEI AR TTVE DL AR St 7 BRI SR AR A . NS 3 %\ 5 4 Bl R b AT 4N Vi ek oAt
ZRGE KL AT e B0 T R 5 8 P I A 23 BT BT 9
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i

F 3B NERRTIESRSG GBS

3.1 Hfik

i E T ZFEMNTE, ETABNPURRIEZ 2] T AN 2 80E, XX
TR RSB T I LA A 1 B A 7K 12008 3 AN ] () 7 RS 7K R sk, O 18K
PUXFER H 1, g 2E T3 D vtk i REAS P Reis 2 2K, FATE fR 2 —FpE T4k
LM BRI T, HEl, XANTEAE SISO S ) SCErh iR .
SEAOC Vision 2000 (1995)M°1, ATC-34(1994)M2 | ATC-40(1996)%%). FEMA273(1997)34
FEMA274(1997), Eurocode 8™, Building standard law of Japan®"2%:2%:

BT R PURE T VA I — AN E I Al v @ S R AE T
ARG SN o H HT 2 PR T E S e = A T B3 B e s N — A
FAVERS RO, S — Rl AR S B b o ARSI I I FE A AT BE S RS B S M 7R
TH0L, TG R NIz, (R, SRR BT 45 AR KRR MO T M 2 5
WOREIN, AT S B RE B ik A ) J 7 R A%, H R R B 19 2R v . PRI,
HBI X P 7RI WA BE A3 2 2 M, R 2 HOa AT 2 R g B i DA 38 72 31 35
RFHE 1) 5 R TG SR 5 S5 A R A FH (R KN o #5023 T 5 v B S BB v IR S i 7
VEIRRER Y, KT H B0 — P Sy s v 0k Pushover 23R U8, & REARI T I NS4 b 5
skt 2k T 45 4 K HbRZ 52 (Chopra and Goel, 1999) M. pilgt, 7R3t TR mirEfesk
PUE T 7 Pushover 2 B 44745

1F Pushover 2 #TH, B 582 L —Fh RS bt ARG LRI N AT 0
M, TR B, ERIGRIE R B B RS ALR b 1. W72 4544 (1 3
JECBY ) A ST 100 R -2 VE b M R RE T Ih 2k o AN R IR g =0 S 13 2N R (1) g
Jith&e, wnSiae ) th & ARAl 5wl AR PR RE T, WA RAEAL T H bR AL 2
T-RE 7 2R AN v 75 SR (1) 7 v AN LS mT 5E . (K, 7E Pushover 234 ik X i
Vv | R

A SCE Tk N VR T R A TR S SR PRI, RIS WL IR N B O A AT
OIMTIIFS, AN ) D0 A ) 0 A YR A ) 30 5 ko A () B

3.2 BHIEESR

T AN TR AR SRS M REA TRy A A, AR SCRR[AL] L2 R0 VR e 1
MRS e B2 A BRI 5K, JRBETh 1 3 MR B TR e AR G54, HARZH I h 6 )= 8
JER10 7o ABIBTh i = MM E TR E ARG M A I Ak, R 3.3m, 1S
B R WEIEARIL 8 [, YU=BbiRIE N 8 %, wihEss —4, it
A2, ATiE ] Q235, VR#EE ik C40 Wkt t . HEAFIHARRI WA 3.1 s, Kb
HEEHR B-1, H4 Co HASHINK 3.1,
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2B TR 2 2 A 1 S

WV =B A -

R T er 2

90 JE B :

120 JZ4N 5 VR e A AR -
IR K

ERGTE=E

T A 3

J2 [ 2

25 J5 1:3 IKVEHE FHARY 2«
FMER LIBBMBIK)Z

20 J5 1:3 /KIe b K L1 )2

155735 90 J& 1:0.2:3.5 /KRB T

b ES RS E

60 J3 IR LI IR BRI ORI = -

120 J5L4 fify Jke it - 2 T A -
M. K

E A 2 -

N T A

A FE RS Fe AR A RS B
AR5 300mm(IE A - 2% L /NI -
A 200mm(TEEE L 23 0/ NI -

0.09x20=1.80 kN/m?
0.12x25=3.0 kN/m?
0.7 KN/m?

5.5 kN/m?

2 KN/m?

0.025%20=0.5 kN/m?
0.20 kN/m?
0.02%20=0.4 kN/m?

0.09x19.5=1.755 kN/m?
0.06x0.5=0.03 kN/m?
0.12x25=3.0 kN/m?

0.7 KN/m?

6.585 kN/m?

2 kN/m?2

0.04%20+0.3x12=4.4 KN/m?
0.04x20+0.2x12=3.2 kN/m?

T4 = 500mm,  JFEREAMEIT B4 0.7 Rk,  Hrin IIEETEhS H H

C
P S o 288 -

(3.3-0.5) x4.4x0.7=8.624 KN/m
(3.3-0.5) x3.2=8.96 kKN/m

M PKPM BB T HE 45 K AT S

6 )=:
B LE: 0.34

X 7 NIE A FS ff . 1/486
Y J i KE A RS A 1/449

B-1:
B-2:
C:

8 =

1488x300x11x18
1400%x200x8%13
[1400%12
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o RHhEE: 0.35
X J7 Wi Kz A RS ff . 1/498
Y J7 i KJE AR f . 1/449

B-1: 1488x300%11x18
B-2: 1400x200%8%13
C: [1450x14

10 =

REIE: 0.4
X J7 i KJE A R ff: 1/503
Y J7 i KJE AL RS f . 1/450

B-1: 1488x300x11x18
B-2: 1400x200%8%13
C: [1500%16

#* 31 WERBIIEREUHEIESH

% =¥ S E(m) R (1) FEA W)
A 6 19.8 3289.717 1.04
8 26.4 4456.522 1.30
C 10 33 5472.990 1.50
[ ] | ] N
o
o
o™
O
| N N\
o N o o o S
. o o o0 ) o0 o R;;;i,
o
o
o™
O
|| | | S
\ 6000 \ 6000 \ 6000 {L 6000 \ 6000
Vi Vi Vi Vi Ve
7 7 7 7

B 3.1 HEZR 1 s R

MAFEERKRE, BT IHEZR SR K2 B A2 R e AL 1/550 MEEsK, (Hifi AL

34



SN B TOR A2 0 S

Bt (HE 7 TR HE TSSO S IBE M, 53— 7 TR T4 VBt A
FIR L e BB 0L 2 4504 2 3085 A0 A AR IR HE R 4 K 5
O NI, DA SR REALEE MR B, T BRI

3.3 FR BN
3.3.1 tRBUFEST

AR TR OpenSees #K kAT 85 BT 5, OpenSees tH &V A FEEIMN
AR IORERL, nf DU T 450 (EHRRE L. . &%) WMo, gk
PE AELRHE . B DL R B SRR M. Fi4h, OpenSees ik B AT KA s YEARAD 1)
TR S AR 280, — 5T, 7 AT LA SERR (1) 75 226 OpenSees #EAT 58T T4
377 1H > OpenSees H [ A3 B E M A B, i 3k 2 Tel IR e &£,
F P a UARPE ANF RS 5, 216 AN R 3R E . BRI, OpenSees 11 7E AN & e fl 5835 .

[ A O KR WIS WF9Tia [ T OpenSees 514 K HEAT T BRI, ©ik
F B — MBI AR P R TT . 26420081, 2008M€1)iz ] OpenSees X &
JOVY JZENHE S 2540 1 B0y 7 3 58 23 A DA A% BY D B AT S5 BB A, BEplgi R
RIGHARYI & F L E . kAN, FIH] OpenSees T4 4 X 4) /5 R ikt + 25460 11 23 BT A
T A AR, T3k A% (2009) M 40 8 R Uk - V- TR HE S8 45 A R AT B A 2 VE T IR,
2 4(2006) 040 YR gk - BB RS PR RS M IO BB R L. T OpenSees B 4N TR
Bt L EERI AT W, 6T 2T YA A v BEAR A (RO AS DL 5 VL gk - A S8 5 40 1 1 A2 A
B AE I DA AN TR e S 3 R S N M FE VR

AREMYE RIS, KA OpenSees F2F RO AE L ME£F 48 2 A 550 (Nonlinear
Beam Column Element) SHBIFUHESL S50 b I R FIAER o AR SCR H I A 4ER Y 75 244
BN A VR A A T RN AR T AT A R Gy, AN O N TR AT AR T A A R 4
K 3.2(). K 3.2(b)F~. BARIFHJELE & HUA 0.05,

|

UL

(a) HARALIT (b) TN
Kl 3.2 A4 52AT ool o s =
33.11 EAXRE

ASCH SRR T UL R EGE
(L) WE HIRRE LRSS KA, ToAXHES, IR,
(2) FIPEA T AL VAR EUE 5
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(3) NEIEBIYIRIE ;
(4) BERCR W R AR PR E

3.3.1.2 ¥ # Ry iR By

G- RHBUETC I OpenSees HOPEe SEIOIERE T AP RHIL, LS -1
41530 Kent-Scott-Park JiBH U, 0 FH % 164 E 9L Concrete02 LR
LA DI L. RIS A Z IR ALV (R oro S e
BESRIRIE ooy JUREAE copy EOHELHURIIRIE o SOCTR MIZ P L1 T IEBLIOR % B 0T
3.3 . SHUE J71k: 5% £ 30iE4H(2009)M,

‘ % 1 0.01E,

/
y
L E0=20'00/600 — ~ >
0co | e : //
: ,/ i s
4 l|{ .
1
!

o |

(a) TR LARIA TR (b) SMAARERIA R A
K 3.3 FRE AL o TR B LSRN ) - AR (0-6) 6 A8

NF K OpenSees 1~ 4111 Steel02, Uil 3.3(b)fias, A bl s omib A 7Y
SAL BB SR I 0.01E, Eo AN (e, in s 2 WU R Al i s A5 i B, T8
LA S SR XU S P A 2R 3 P B 93 S BT R IR BEARAY, AT 2% 18— i i
WA EHA LA RN . F Steel02 BEIFRIRLIINESE (808 AN, SHIES % T30k
2£(2009)1171,

3.3.2 InEIE

55 [ FEMA-3560 130 4 /b M 85— ZH 4R FRUAT S () A A5 A0 45 — 40 i sk
745 Hp 43 S X — oot G5 A AT IR B 5 . ARSOR A T =i U0t = MR R
B RELRAERAT T 8 BB AT, e SR AR B AR S A A 2
k=1.0 I8 = AN oA, 28 L A o L g L o 45X CRRTRR 3594 Ml )
Bl ) o DR R R AN b S T S T R AR P A SR PR 0 = A Jan T30
I FEAE T 0 A A A CRIRR “ R B0 = Flonasiste AHsss bE T AN [R]
JINESAEE X A0 Vi vt A AR S A T Sl SRS, AR VR Tt A 248 A T BRI AT o
BRI — e S5 .

3.4 WE IR IEREMFR NS BTG R

L S IAVE A, 2RI T = MR TR e AR SR AR A = R AN RN B E R
ISR BY N 5T A R R ik, WK 3.4 Pis.

36



SN B TOR A2 0 S

15000
T S e e
j% _________
x| . = ‘ N
3 e BB = S S
m 200 e =7 g 9000 FrA T i e
. B 7 R
0 | | | | 0 | ‘ | ‘
0.0 0.4 0.8 12 0.0 0.4 0.8 1.2
T A7 7% (m) Tl A7 7% (m)
(2) 6 S AN Ve T HESE (b) 8 AN Vi ek T HESE

15000

10000

BY J1(kN)

= 5000 | -fi--- By Rt
R 1 A PP {50 = A0y B
B 7Bt
0 I I I
0.0 0.4 0.8 1.2

T 547 8% (m)
() 10 AW TRk - HEZE
P 3.4 AR AR X AOE JEC BY ) -TH s A28 o0 & 28

MIEJERBY 7 5 TR AL A2 O) AR th el AR H, BEVG O0 oA OR8] = A 0 0 At 1Y
SR BY S -WR AL AS M AN o A8 T AL AR R IS B0 T 5 B34 0 0 st B R AN 87 VR

e T AE SR S5 R ) SR BY ) W B KT8 = A ) AR A B 3 i B = 4
BT S R LT e — H 4k HARNT . BiAG 45103 A\ s I8 PRIRES S AN W A e, 384Tl A
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[ 7% PRl A S RS IR SO, 7RI PG OL T, 20201 i Hh AR A0 25
R, Ik S R PEAS BTN T FH 6 AE 1 R

EVFZ N, MBS & FEW. —Lpbeld, B IEAR Lk, JFH
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PLURZ128 T — L3 B R A0 IR oot g 350 45 44 B @ b 2 B0 BT — L 2L

i 2 IR B L 4 BRI AR ) (J3-2002. J186-2002) MOy “IRALEHITES
T TIPS L ATHCA 0.04”, (GRIAPIRE Bl #7E) (GB50011-2010) B840 H.2.6
X2 2N ) Dy R AE U F RN HE “AE 2 EHE T, SitBHJe kR A 0.03~
0.04; AFEMET, FHEH T RH 0.057, X &)= @0 45/ Pt = vk i e “ 26 —
M BB vt S A T B A ATy, AN S5 A BHJE LR R EX 0.057, 453 G.2.4 HlE T AWHESE
M 5 VR L A O T A M BELE LU IO, “ YR A S5 R FRJE b, B pe TR Bk g h R
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5.3.7 ZHE “ A5k PH)E L SEAELAR 7315, RO B S S5 A BRI | I 07 A
B0 1S K. NG M TR BELJE b — M LU A VR 8 L g A (R BELJE B/, 60 75 VR e L 5 A 1)
BHJE LL i B 0.05, R4 —LLsziil gk}, 7Esirki By, s # R Lk T E 0.057,
% 822 Wi “Z)JEMmZMaita R ett, SR N TaRE a5, A

50



SN B TOR A2 0 S

Huxt 2 T 12 J2HHEL 0.02, XA 12 Z40HX 0.035, X HLE45HK 0.057, 453 11.2.18
H R “ TR A S5 A E 2 B R T I BELE EL AT EC 0047 ( BUAN TR BE 20 & S5 i H R IR )
(JGJ138-2001. J130-2001) [M2Hreprysh T AUG YR bk + 20 & G5 4 SC 4.2.3 hilE, “FE T
MR 2 A g M A B DO T TR e T S5 MR A S G I RE R AR RERE I, ik, TN
TR T 2 A S5 MR H e TR e T S5 M A TR A g5, s = e KO FH v B T B LR AN
TREE L SR R RR I 5 o X T AR S AR PR 5 R B AN R e - S5 M, B R s
A $E i 30% ~40% , 1My He &5 K FHJE Pl IR B A& 25 18 AW Ve ik 1 21 & &5 i 1) P e B AR T
IR g5k, K, FHJELLRAT 0.047. (&2 EMN—IR R LIRS 453 v R )
(CECS230: 2008) 1721534 rhi i 2% 38 Hh 52 4 I FR0 8 1 B 23 B o BELJE BE R
0.05.

Tk F 1A 25 ) B [ — Le A AR e bR v A R e B E A AT LU, BHJE
eSS M R — AR EE NS, AFSHIE AR B E ] ek H R e
EE AN 11 o X T4 A Ve ek A B3 o 8 ) T 2 4 BELJE B Py BRUAEL i) A8 A A T2 1l 1)
A, R, A SCHESTRH R BN VR k- HE BE 25 1) R P P RE IR 52 e R AR A 0 B
(1o Sk THHESTRE S LN & Tk L HE R S5 A BT RR PR BE B 52, 29 Sl Wi THI A1 28 1) —
PEAIHEAT T Bk B BOR5000 PE  BEBELJE EU o) 45 W S N PRI SR, 8 B0 TRk - HE SR 45 R 7E
TR IS BRE LU BUE A — AN 2% . R iE g o R (N-S), i AU AR i i 73
BT Z EME ) 0.07g FIFEEHEET) 0.4g. HAKTHELE R .

(1) AFEIFTBHIE AT 6 8N TR B T HESR g5 44 [ N I 52 i i ks

0.09 0.5

0.06 | S0z £=0.02
—&005 £=0.05

= |l sade

il VW\/WM

-0.09 05
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
N[t (s) it ()

=
N
o

Tiit A7 4% (m)

T5 A2 A% (m)

(@) ZiEHEE (PGA=0.079g) (b) FiEME (PGA=0.49)
K 4.8 FHJEE & & 0.02 1 .0.05 IS &5 K 1) T ffor 7% I F

0.09 0.09
L .03 O00.04 A0.05 | 00.02 B 0.03 O00.04 |H0.05
€ 0.06 E 0.06
B R
1z Ay
= 0.03 1_5 0.03
ol 0 A
0.02 003 004 005 0.02 003 004 005
FH e Lke FH Je ke
(a) ZilHzE (PGA=0.07g) (b) T (PGA=0.49)

51



(2) ANl BB JE LLXT 8 J24M 4 TR ikt - AE

O TR 5 ME SR S5 A R R I R 0 A

K 4.9 ARFEBLELE & 4RI ITRALAS HLL

0.15
£=0.02

. 01 ¢ ~0.05
é G
3 005 |
i\? 0 A (\ A AR hununuhﬂ
: I

-0.05

-0.1

0 5 10 15 20 25 30 35

Ti s AL #% (m)
o
o
o

I At (s)

(@) ZiBh=E (PGA=0.07g)
K 4.10 FHJEEE & & 0.02 F1 0.05 IS 45 K4 1) T s for 7% I A

00.02 B0.03 30.04 B0.05

0.02 0.03 0.04 0.05

FHJE tee

(@) ZilHE (PGA=0.079)
4.11 AFIBRJE G & T G5 I T a7 7% LA

iR ALH% (m)

G5

-0.6

FE) L PR S 2 -

0.6
04
0.2 r

£=0.02
£=0.05

0

_02 L
-0.4

0

(b)

5 10 15 20 25 30 35

I A]t (s)

FiEME (PGA=0.4g)

0.6
0 0.02 & 0.03 00.04 H0.05

E04 %
R ]
x| o
a i
iz e
= 0.2 54
E [

%

0 ‘

0.02  0.03 0.4
P thE

(b) e (PGA=0.4g)

(3) A[EBr B e EExS 10 JZAN S Tk TSR Sy S S IR S M i

Ti AL (m)

0.15
£-0.02
01T £-0.05
0.05 |
0 Jﬂﬂ[\n.{r\ﬂnnn.
yYyTve
-0.05
-0.1 F
-0.15
0 5 10 15 20 25 30 35

IF At (s)

(a) ZifHh=E (PGA=0.07g)
K 4.12 FHJEEE &k 0.02 F1 0.05 IS (1 TH w5 A7 A2 Ik

52

0.5

&0.02
£=0.05

0 5 10 15 20 25 30

I At (s)

(b) ZEiBHE (PGA=0.49)

35



2B TR 2 2 A 1 S

0.12 0.6

00.02 B0.03 @0.04 B0.05 [00.02 B 0.03 00.04 H0.05
—~ 0.09 ] — ] =
E Eoa | g 7
R R %
= 006 = 2/
e g oy A
1_5 E< 0 2 ";:.-'";:.-' EI:EZ:
0.03 g =5
bread
0k 0 0 F

0.02 0.03 0.04 0.05 0.02 0.03 0.04 0.05
BiLJE tte BiLJE tte
(@) ZifhE (PGA=0.07g) (b) FifiHhiE (PGA=0.49)

P 4.13 RFIBJE b ¢ RIS Hudk
4.14 75 6 J= 8 JZA1 10 JZAWE TR L HEZL G M A RS (N-S) I AR E LE
T Uiluo.os EIXS L Cui fARAFJE LT S5M M TR ALES 5 Uo.0s AR FHJE LK Dy 0.05 I 4544
TR AR o

1.2 1.2
El e E] ——8
é_ 11 —A— 105 gl-l —A— 105
&l 1F &l 17
B .

0.9 0.9

0.01 002 003 004 005 006 0.01 002 003 004 005 0.06
FHJE bt FH Jé bt
(a) ZilHhzE (PGA=0.079g) (b) FiEHE (PGA=0.4g)
K] 4.14 AS[FIBH e BT 25841 uilug os BT L
MUL Bt g BT DA H T R &5i8: (1 FEAERHJE LU R, S50 T s A7 2 J W ik

Ny (2) BB HEXTEE R I w0 o 22 3 R A YR EE SRR R (3D 6 )=, 8 )=
FN 10 AN TR T AR AR S R N S (N-S) B Uifug o5 EL7E 2 i8I RRAE T BME L5
TR R A RS, A0l 1 45 A BE N SRS I B a6 BB B I BURAE AR /1N (4)
ZIEHRE T =AML uiluo os LK ENHEFINR PN 6 /2. 8 /2. 10 J=, Fidthsz
=AY uilugos (AR ENEZIIRAKIX R 6 )2 10 )2 8 )=

4.3 FEIMR NS ERI S0

4.3.1 FRIEEMEE (PGA) TLEBI Rk

A9 T IS AN [T ERAR o 2 P8 P M 2 0 o 40 5 R gt HE 20 5 S IS R S0, S SO RIS
FRV TR = AN TR e A S A R I 43 ol AT T ARl 38 T 00 B S5 48 s v 0 #fr s
B N HIHBRE: Sk EI Centro W, WEAF INid ik 342gal. 3 4043 I LU R 45 2 -

5] 4.15 Sy AN R I ok & e R B 6 AR VIR ME A S R 30 g IR S S

53



O TR 5 ME SR S5 A R R I R 0 A

Mo BRI L, B A\ R S A I BE R8N, S5A4 (2R BY 77 DL =
() 2 AN BT 1S, i ]y 5 £, 296 TR 0 AR K

8000 8000
S 4000 S 4000
=3 =3
R0 R
R R
1= icd
B -4000 - 1_4000
-8000 -8000
-0.16 -0.08 000 008 0.16 -0.16  -0.08 0.00 0.08  0.16
JES 2 Z A7 S (m) JEEJZ JZ 1167 (m)
(a) R5A=0.07g (b) PGA=0.1g
8000 8000
34000 g 4000
R ‘ ‘ '3 ‘
B O g O
s ics
4 -4000 2 -4000 :
-0.16 -0.08 000 0.08 0.6 016 -008 000 008  0.16
J&)Z 2 AL FE (m) JRJZJZ 25 (m)
(c) PGA=0.2g (d) PGA=0.3g
8000
=
R 0 ‘
=
A&
B4 -4000 w
-8000
016 -0.08 000 008 0.6
JRJZ 2 F7F% (m)
(e) PGA=0.4g

K 4.15 A[RIGEINERL P IRJR R 862 5 R E I ) 2 TR (K5 & il 2k
4.16 0 AN IR AR TN B (1 s Bl o0t 8 JRAN B VR Ik - ME SR R 3 7 INRE S 2 PR 3
Wi, AP DU, B R A\ SR shI (e I B (e i, 8 JRAN B R ke - HE SR Z5 R 1)
SR BY 77 LSRG 2= T8) 2 A% AN W7 189 i, (E Bt 55 U sk 56 1 T 2 0.3 2 Jim S F Bk e BY
SEAPRFFAAL, (B2 TR AL A FIANTIE i, i [0 it 28 (10 T AR BORoBR

54



2B TR 2 2 A 1 S

8000 8000
S 4000 - S 4000
= =
2, =,
R =
g 1
B4 _4000 - £4.4000
-8000 -8000
-0.10 -0.05 000 005 0.10 010 -0.05 0.0 005 0.0
JRJ2 2 I A% (m) JEC )2 2 18] 67 8% (m)
(@) PGA=0.07g (b) PGA=0.1g
8000 8000
= 4000 = E
g 3 4000 /
R R
x5 0 g O ‘
1 1
5 -4000 #4000
-8000 -8000
010 -0.05 000 005  0.10 010 -005 000 005 010
JEG )2 2 AL A% (m) JEGJ2 2 TR % (m)
(c) FIGA=0.2g (d) PGA=0.3g
8000
S 4000
=
R 0
= /
b
B4 -4000
-8000

010  -0.05  0.00  0.05  0.10
Ji$JZ = A2 A2 (m)

(e) PGA=0.4g
Kl 4.16 AN[FJEAR s D i 2 2 AV AS 5 KR R S 70 22 1) FR) 5K 2 i ¢

Kl 4.17 g ANRIEEAR g B (R M 2 3ot 10 AN TR e T AEZE5)) ) ISR B . ) S

10000 10000
Z 5000 S 5000 -
=3 =3
R 0 R 0
= =
ics 1
1 -5000 - 1 -5000 -
-10000 -10000
-0.04 -0.02 000 0.2 0.04 -0.04 0.00 0.04
JEJZ JZ (A1 # (m) J& 2 RIS (m)
(@) RIGA=0.07¢g (b) PGA=0.1g

58



O TR 5 ME SR S5 A R R I R 0 A

10000 10000
= 5000 =
§, §, 5000
b4
5000 B 5000 -
-10000 -10000
-0.04 0.00 0.04 -0.04 0.00 0.04
JKJE Z B ALF% (m) JKJE Z [HALF% (m)
(c) FGA=0.2g (d) PGA=0.3g
10000
E; 5000 J///,/’;§7
R
=D O
. /
B -5000 -
-10000
-0.04 0.00 0.04
J&JZ 2 B2 FE (m)
(e) PGA=0.4g

Bl 417 ANFIAE AN TR R AR 5 5 e 2 TIOR3 i 2

AL LA b4 45 T LU, AN [ 2 S R 0 VIRt HE 24 58 A AN [ W ek
HUE AR R EA T B AL R A Qi ik E PGA=0.07g I, H1E R T HELL
5 K )OS J2 2 1)o7 A5 R b BT ) 5 2R Y AT T8, U A TR U E 0 5 4 2 54
R T B B, VA R ABOK BBV AS T . {EWR A IIGEE PGA=0.1g It} 8 241 10 2
A TR T HE SR S M TR S J2 2 T A28 5 T ) o R 2R (R B L2k, A 6 JEANAS
TR HEBR A R T ARk, BRER AN AR T B, 4V N S N ) 0.2g I, XA
AN X RS R MR R T ORI, AR T ST B e ek A
FRIME N, LR L gR ARG WG K, JE Rk rp O B R AR T Wi

UEELG A I T HE 240 45 K B 5 0 L el TSR PR [ BEBMTHE N T B8P BE, 9T
LI DA S B AR s b, SR AR T K
4.3.2 ME RS LHEZR G IR IDA SR

SCHR[82) K 414 15 e gt - HE SRS MIAE (R = A9 00 A5 S 39806 S 45— IRALLL A S0 A5
Ji. FREEBEENNAG 1. SRSS 43 AT AN HLE J1 43 A5 T B ) th 425 IDA 4
GR35 IDA 34T fhZR AT T Lo o ARIEAS R 7 4040 T AOHER 28 100 4% 19, K
WML N T4 — R LIS 40 A IO HEE ks 79— 202 LUE = F 0 3 2 A
AR IR Lk . ASCh T AZEBI], LU 10 EAVE TR B S HE AR IE TSN 4,

56



SN B TOR A2 0 S

P ZEAR = A R R A A O P AR AR S N I HEE 12k S IDA b4
TEAT TR B LA, AN A TR e T RE 2R 25 M TH) IDA 43T 45 5 5 P R hn#d s =X R 45 M 1 T o
-JE BT th 2k it an /e 4.18 s .

12000

9000 |

7 73(kN)

—e— IDAiE 1 ik

BT
e

ﬁ ¢ s = A
3000 | o e BB )
0
0.0 0.2 0.4 0.6 0.8

T i A2 A% (m)

] 4.18 IDA 73 Hr 4l B 5 B e o 45 1 b

AT SRR, 8 = AN T oA A I NI BE K, IE BIRK BRI, 5L
BY DR, AR BRAZ TE AR AE /N s AT 7 43 AT P2 07 i 28 Wi BE AR 1038 = A g 4
A 25, AR BRIEIRBY AR, (HL5MMRIR M AR, B 4.18 H11
IDA 14 v R . 1) 45 K JeR- Tl il Ar 8% it 46 )L T30 7a 8 = M oA th gz b, a2
VLAE M TS AT A B B B s — S DL, 8 =M s ih 2 B — e RIER . 5
Ab, MW FIERT U, Rl — 45 AN [ TH A IDA T2k 2 TR BRI B, 1l B 4514
FESRFEAE R BB 3 R0 i 25 1 2 il 5 b R M T AR TRD T A 22 0K, AN G5 A R TS
BY J)-Til sz A% M 4 ok W SR P N S M e — R R E I TR TERE 1 2 B2 . fE4h
P BAPER BE T, UM IR T AL, (E M4 M NS v B B AR K
4.3.3 TRz 2 51 1th 7B 5h T 4544 B B Nz

TR E B PR (ERSPE U ITE) GB50011-2010188 % i 2 M BRI 40 T
MIFLE, XF 08 LG DU -ENAT T HE— 0 B S, AMERNKS T 231200 4 i
T Lo T AN, T HIEHSEET OB e Bk 0 7—F, Xkl 2R
ERFFPUR TS S VE R SEA b, P8 TR E R, MR T LY
BYD ORI 7 5 )2 B BEVE P FRAR IS B0 ST o A T ERBE L A4 F TR AT
REvsk /D> B R, EORFFRIR B & BRHTEE NE 49 KT MK va . 545, mT
TEBE T 90 Ty (55 EAMUR RO RN, B R 1283
2 R BN e B S 3 A

ALK T W RSB0 TR HEAR S5 PR MERE I 2, A PEER 3510
SR TR T 28 4himdy (BEESK T 10km) sREEHLESIC S HHT UL, kU
Shic s 4% 3L E b R R R (USGS) X2l 025057543 % T AL B. C A1 D 1Y

57



O TR 5 ME SR S5 A R R I R 0 A

%5, WF A3 FiR. Hp, AK24. B2KR104%. CK 104, DK 6 5. AL N:
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P T 5 M 1 ML R

%= 4.3 ity (BEEKXTF 10km) HEFICHE

+28 0 = N | PGV | PGD
IbAEERSS sk | HP(Hz) | LP (Hz) |PGA (9)
it} B (cm/s) | (cm)
Loma Prieta .
1989/10/18 | 47379 Gilroy | ¢ o |LOMAPIGOL) 50 | 0473 | 339 | 8.03
. Array #1 090
A 00:05
Kocaeli,
Turkey Gebze | 7.4 Kogg%b”e 0.03 25 | 0244 | 503 | 4274
1999/08/17
Cape
Mendocino |89324 Rio Dell CAPEMEND
1992/04/25 | Overpass-FF o /R10360 e 2 0.543{IN™ || 1862
18:06
Chi-Chi,
Taiwan TCU084 7.6 CTJI(%T{JC 0.1 50 0.417 | 45.6 | 21.27
1999/09/20
Imperial
Valley  |5051 Parachute IMPVALL/H-
1979/10/15 Test Site = PTS315 o po A Lol e
23:16
Kocaeli,
Turkey Arcelik 7.4 KOS&%'BVA 0.07 50 0.218 | 17.7 | 13.64
1999/08/17
Landers
1992/06/28 | 22170J0shua | o o | LANDERSH | = 7 23 | 0284 | 432 | 1451
B 11:58 Tree 0S090
Loma Prieta 47006 LOMAP/GIL
1989/10/18 |Gilroy-Gavilan| 6.9 0.2 45 0.357 | 28.6 | 6.35
00:05 Coll. 067
Loma Prieta
1980/10/18 | 1678 Golden | ¢ o | LOMAPIGG| 22 | 0233 | 381 | 1145
. Gate Bridge B270
00:05
Loma Prieta 58065
1989/10/18 |Saratoga-Aloha| 6.9 LObAEEIE 0.1 38 0512 | 41.2 | 16.21
. 000
00:05 Ave
Northridge |90014 Beverly
1994/01/17 | Hills-12520 | 6.7 NOSZT()'_?"E/M 0.13 30 0.617 | 40.8 | 8.57
12:31 Mulhol
Northridge 24400
1994/01/17 | LA-Obregon | 6.7 PORTAIRIE 0.9 23 0.563 | 245 | 2.79
. BR360
12:31 Park
Chi-Chi,
C Taiwan CHY006 7.6 ngokél_/é: 2 0.03 50 0.364 | 55.4 | 25.59
1999/09/20
Duzce, Bolu 7.1 |DUZCE/BOL 0.05 null 0.728 56.4 | 23.07
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1940/05/19 Array #9 s ELC180 02 s DRl | 28 | A8z
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Valley 5053 Calexico IMPVALL/H-

1979/10/15 | Fire Station | °° | CX0225 o w0 B | ZLZ ) BE
23:16

Kocaeli,

Turkey Duzce | 7.4 KO%‘ZE(L)”D 0.08 15 | 0358 | 46.4 | 17.61

1999/08/17

Landers

1992/06/28 | 22074 Yermo | o o \LANDERS/Y) ) o7 23 | 0245 | 515 | 4381
) Fire Station ER270

11:58

Loma Prieta .

1980/10/18 | 47381 Gilroy | ¢ o |LOMAPIGO3| 4 40 | 0367 | 447 | 19.25
. Array #3 090

00:05

Northridge | 90053 Canoga

1994/01/17 | Park-Topanga | 6.7 | NORTHRIC | 4 45 30 | 042 | 608 | 2017
. NP196

12:31 Can

San Fernando 135

1971/02/09 |LA-Hollywood| 6.6 SFERS'O’PELO 0.2 35 | 021 | 189 | 124
14:00 Stor Lot

Superstitn

i 01335 El

Hills(B) SUPERST/B-

1987/11/24 C(e:rgr?:ler:]\tp. 6.7 ICCO00 0.1 40 0.358 | 46.4 17.5
13:16 '

Chi-Chi,

Taiwan CHY041 7.6 ngﬂ[ﬁ'—' 0.03 50 0.639 | 395 | 11.25

1999/09/20
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1995/01/16 |0 Nishi-Akashi| 6.9 KOBEéNISOg 0.1 23 0.503 | 36.6 | 11.26
20:46

Kobe

1995/01/16 | 0 Shin-Osaka | 6.9 KOBE(;SHIOO 0.1 23 0.243 | 37.8 | 8.54
20:46

= Kocaeli

Turkey Ambarli 7.4 KO%AO%I(;”A 0.03 50 0.249 40 30.08

1999/08/17

Loma Prieta | 1002 APEEL

1989/10/18 | 2-Redwood | 6.9 LOM@EIAOZ 0.1 27 0.274 | 53.6 | 12.68
00:05 City

N KOBE/KAKO

1995/01/16 | 0 Kakogawa | 6.9 0.1 null 0.345 | 27.6 9.6
20:46 <0

VE: FHRRRIREEMFRHIRE (USGS) RI4r3shE:, 1 A KBTI yIEss KT 750m/s, B iz HiBiv)mou
2 360~750m/s, C ZRZFHUBIL)IE A 180~360m/s, D FIZHuBIB)H:E A /M F 180m/s.

o BT B = S AT, A R AR S A TV, R IS R RE B 4 AR
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