o5 37 #4551
2024 45 H

® z T & F #

Journal of Vibration Engineering

S 18 ST B B T A R AN R B
5 457 T 1 B R T
spir, BIA, THE, 4 H HAES

(1. [ B K2R as M B ROk TR ZR, ¥ 2000925 2. BB T 5% GEBH K TR H R h0, L 200092;
3. U AE EE JR, pU)I AR 610041)

R T R A SRR ) 09 b 5 22 A PP A 0 3 20 20 BRI A B AE I 2 B RO R TR . IR R
Aot A5 v i 45 M BBV AL B G, R A A 5022 A P T A0 75 22 445 R0 A B 0 204 b 72 3 45 — R 9 S 5 15 8L, BAAR E
S50 LSRR PRAE 25 A4 52 1k BE P Al 25 2R o i 1, D A BT 45 14 B0 728 PE R A3 BT A I R o AR SR T 45 U 46
PEER 1 P BRI, 25 5 R 3 T A R 1 U K Sl RDIRZS A 98 B 5 1T A BIT T MR 4R T AR ST S I B S AR A
BHLJE EU S 254 72 UL AR AR S 45 45 2 il S 00 i 72 3 Rl 4, R VP A 1% H AR PURR L T ik o MR T2 T
B I HAZUS SR T3 04 R A 2540 S5 25 e v B0 19 o B A28 A S S 2 B i1y T PSR S MRS IR AN F5 4, &5
BZIL TR RES S, L T SF RO B R TR ZS 5 R Rl PO e v RE A HE 2 8] B9 BB IE = o LAY 1148 B B 2 3 — g
J2 JL U HE B 45 4 1 2019 28 2022 4F 18] 10 Y S 0 3 522 50 491, 363 12 SUAE 24 b 30T 0 52 s b 5 s A/ TR 9 3707 4 4k

Vol. 37 No. 5
May 2024

HEAT AR .

KGR YU TERE; BEA & s ks RSP P Al

hEASZ%ES: TU311.3;TU352.1 XEktRERD: A
DOI: 10.16385/].cnki.issn.1004-4523.2024.05.008

i

5l

B 5 3ok B 0 AR 1 P, v R AR R R
B 3 T A SRR 5 RR A Rt 0 2%, el T TR R G A B
RV I TG B PR . fE BB A RR E R HERA
58 R MR IR R R M S R ) A R A
hEM T e S5tk R, B, PEADBESE
T3 BT KR AL T 6 B LA PR B X, Ho
VG H X AT SR AL T 7 92 L b5 AR A TG R R B i
APk 1) A Bk b R S R I, — R R S R A A R A
= GIAE 9040 2010 4F B 8.8 B Al 7% 2 4~ H
AR 217K 6.0 LA I Ax 2, 4l ok 1l iR 5 BE A 50
ULV RO B 5 AR, [ B R
G BE /NG 1 R S VAR R BIAE M AR S
1/7INE PN I AR G DR DAl 45 51, 2 /i N 4R A B
T s T2 B R 0 A £ BRI B o R I . AT LA
F R MG GG L R I KT 200 0 v R
FE CL G 1 T840 1 K PRl 75 PR 18 S A Y K
BRI, 38T BE A AR CRF ) 1 b i e 2 M DT AR

Y5 B #1: 2022-06-28; 1&1T H #: 2022-09-03

X EHS: 1004-4523(2024)05-0802-10

TE W 25 280 0 A PROET A R B B 2 R R K g
it oK, W 15 7 5 A A PR R UK HE (IE %38 4T 52
R A i 22 4 BB BHL R ) ) i B G R

— 7 T, TR 45 4 A e 4 75 i 9] 9 A ok 4 3
T A8 45 1 TR RE SR 6 ) BLGR Jol 2 b R AR X ) 2
HAHAF R BB R, LRy & &
B MR AR ST AL I R A B 1 R DABE S
AR A, H AR AR 0 2 il SR AE 2011 4F 2R H A
R M 72 I 45 F AR K AT R B 68 )2 i )2 2
FITE SR 5 WUR B — B B S BUR TR T 9% 53—
D7 T, 25 AR SR AR 0 PR A BUA S5 0 3 0
P 22 56 P 2% 3T BEA7 7 BEIE 7 A BT R R K 3
B B U I 0 SRy BRE o 91, 26 i ) 7 ik ) BRI
T2 BB TG 38 0 7 8 BUTE  9 TT ik, 98 20 [ 50K
H Fi M 75 3 4 S 0 45 R AT 8 A5 R A IR R 8 L
BR . O A B 5T R W 3l 0 4 k2 3 24 51l U 4
e Ta] A AR R A AR KA B B0 A (R T A A S 2
S DRI, B R H A A VRN A
7 B 14 Mo M 7= 2l A S e A5 B A bR e 25 A
FLSIRABOR S, TR UE 25 44 B0 7% 1 BB VAl 45 2R 14 1E 1

HEWB: MEHRBFAIES T H (52278312;51878483) 5 11 17 ¥ 4F BH 5 1 A 1181 (20QC1400700) 5 3 7= B} 4%
B JGHRIIH (XH21027) 5 U4 % 2052 15 BUIR55 8158 A1 BA (201801) o



o5

B A5 2 A B Y R A LU SRS U 5 B M R T A 803

P 5 e 05T 235 A4 0 7 A1 1 20 B 1 v 4 P R e A 1

245 g ekt M I 38 o ) k45 A AE PR 8 U kB
iy 280 O R 2% ) T RO IR Bl B, 2545 15 5 20 i 5 &
R BEE , m DU R 5 25 0 AR BOIR 25 I AT 2
ST BHAT BN EECRIE T — R
6 9K B BRIV F5 b, F T 0 T iR B 4 A %
SV . PL3EE Van Nuys 1 5 S 3 fE 944 x4
[l A Ao 3 R T RS A3 | B I 289 {0 56 )= T
(ORI 9= N R SN e IR B S R A (e
PR TR R R, 2 BT M R N 2 1 R
A 58 25 1, M R S5 A RS R R b B2 T
I P A5 5 GETH R (W (R X D7 R MEL A ) (WAL 15 5 4
i (A5 A 2l 3Rt ) AR Ty 2 2 B e 1, TR
SEH M BARZS AN 480407, 1 ke = 5 S5 M L e 4 4
YA RE K 1 [] B9 B A

A T8 245 K At B S 00 149 S50 90 K 2l R0 B A 45 A
SERPURR A VRS T AN ) RUBE 9 45 K (i 2y
Prde 2 o WA ) B 20 B 3 53 O, S A R 22 b
PEAG AT LR AT IR A i R G A0 R 1A R A
BROCIH SRR, I 2 — A0 BEAT 2 T 25 W s S 19 3 )
W 7 T G B AR AT (B AN TR T2 M 4
e VE RE IE 10 23 A7, BE AT S SR 25 40 1 8 ) AR — 2K
SR ) Bl g 2 T T A TR R 20 R |
B 58 4 WAL S BT RS A . — O
T, 75 I8 TR R AR AR A JERE I AT R R
S22 W) A5 40 1) A T sl G A A A R 22 (Model-
ing Error) , BRfi| T /5 2 8a R i A 454 7 B
AL U G R N 5y — T, BE A ST

(4 72 3 T00IBE 43 B J7 vk, B A0 FEMA #13E H f9
HAZUS J7 i L B 5/ M5 — i As .
PRI, B 0 B A S IR A8 PR A A B e 55, ] DA 4
PR BR 32 Ew] UL DN A A B8 B ) ) E R ) 25 R A TR A
R, — 75 TH e A S5 45 A4 B R 4 B v R B R
LR, 38 N 450 B IR SR B 2 & & W4
W5 53— TR AR UE B 3 PR Bl K S 4R R B AR
B AR A 2 80 T U

AR SC DL WE AT SR 0 R M e D AN O H AR 8
T S5 48 2y I I R A U0 T i B T B S S
S50 R AR AS 0 AR R0 B Pl B A M A A B Ty
B, T 45 TR X 45 5 R S A R M RE K HE 1Y
PIZETE 8 bR o DAY 1Y b e 12 )23 e J2 0 DU AFE 248
S5 AL R M M 7R 0 EOS R S OB, RGN T
AR SCHE T T AR R R T PR LA
PEITAL 5 0%

1 BREERFIREIR
W T &

Hl 5 fi = 1 e R

1.1 R HEET

AR ST AR H A T 1) R SRS R 1 B A R IR
AU 5 PR P Al P PP AL 5 vk RR A R 0
PEHEFEE M5 BRI S5 40 3l 1 It 5 AU 4
R R A R R R 45 B T e g o AT
PEREEAL DUAS 25 B, 40 7 I R DA B & A 25 R 2
WA 1R .

————————— -i BRAEMVIIRGE R E R H R ir---------
BHRIHER HAZUSH % LS H
| grm | N [ witamp | EIRTERE A
EESNET T PR A
Lt | | | [eres | BANERE A
LT 8
mn || MR IR
SR T (s g [k | | | SRR
T ‘ 1
B Ja S5 BRSP4l - “i BRI AL LI ;*‘
BEA = THEFRSHEDP SrE AR E T arwam |
B — - | CIEE N =T
Pos G | BRI | I BARETY l ZE Fg b R T S «l L
O ke | e
GRSV b #::::%}.A’/ Lig®
BT KFPEI
Pl e A HOR A 5 B R v A D BT Al 77 1 i A2 ]
Fig.1 Flowchart of the state identification and seismic performance rapid assessment method of existing buildings
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Tab.1 Initial design information of the target building
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Fig. 3 The field dynamic test of the target building
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direction of the target building

2.2 SKERMIEZNEN

Ui A8 e = T EE BE S 7R 2019 & 2022 4F (8] &
T ZWA B A HG 20194 7 H 9 M5.6 L8t B
M o VU148 HE G A B bR EE ST 7E b ik T B
g Bk (51GXT) , A8 T — RANHE S id %, A&
U3 AT 8 A 5 3 6 1 40 ) 9 SR 310 1Y 10 4% B
WAL g TN T~ X, 45 1= Il s 1 S A5 B
mE 20w,

B X g U MR R I SR A b AR U R AN OKOF
7 1) 8 0 3 B R A Ry B ST 1) A ) S5 AR
I HRE AR sl i A, BEAT — R G AR Ze vk i FR 1



o5

B A5 2 A B Y R A LU SRS U 5 B M R T A 807

x2 MWIIHBRWEMERHEER

Tab.2 Basic information of the seismic wave data from the Gongxian seismic station in Sichuan province
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Fig.6 Dynamic response and hysteresis behavior of the

target building
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Tab.3 Structural dynamic responses and seismic performance evaluation results of target building under measured ground

motions
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Fig.7 Evaluation results of seismic performance state of the

target building in the transverse direction
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Fig. 8 Evaluation results of seismic performance state of the

target building in the longitudinal direction
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State identification and seismic performance rapid assessment of
existing regular building structures by considering
field measured information

SHAN lJia-zeng"*, ZHOU Zi-jie', WANG Lii-ji', YU Hua®, SU Jin-rong"
(1. Department of Structural Disaster Prevention and Mitigation Engineering, Tongji University, Shanghai 200092, China;
2. Shanghai Engineering Research Center for Resilient Cities and Intelligent Disaster Mitigation, Shanghai 200092, China;
3. Sichuan Earthquake Administration, Chengdu 610041, China)

Abstract: The seismic safety evaluation of existing urban buildings (groups) is faced with multiple technical development of effi-
cient analysis, rapid evaluation and quantitative determination. Considering the evolution of structural performance during the long-
term service life, the safety evaluation of in-service buildings requires design and measurement information on the structures as well
as regional ground motions to calibrate the real conditions of the structures, which can ensure the accuracy of the performance eval-
uation results within an acceptable timeliness. Based on the equivalent nonlinear single-degree-of-freedom model and the authors’
recent research on data-driven performance assessment index, this study proposes a method to map the global conditions of the
structure with the measurement modal information and assess the seismic safety of the target building using the regional dataset of
measured ground motion further. Based on the field testing and the HAZUS technical manual, the procedure of establishing the
equivalent nonlinear single-degree-of-freedom representing the existing building is described. Two structural condition evaluation in-
dicators are proposed, combined with multivariate engineering performance parameters, and the relationship between the deforma-
tion of an equivalent model and different seismic performance levels is further established. A high-rise regular RC frame structure lo-
cated in Gongxian, Sichuan Province is considered as an example, the seismic safety of this building subjected to 10 local earth-

quakes measured from 2019 to 2022 is evaluated.
Key words: seismic performance; existing building; dynamic test; state identification; rapid assessment
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