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Abstract: The reinforced concrete and ultra—high performance concrete frame—core tube structure model were
established respectively by finite element software OPENSEES, and 30 seismic waves were selected from the
Pacific Earthquake Engineering Research (PEER) center. S, (T1) and 6

intensity index and structural damage index, and incremental dynamic analysis (IDA) and vulnerability analysis

o Were selected as the ground motion
were performed on the structure. The results show that: the established model can better simulate the whole process
of the structure from elastic state to collapse state under earthquake; compared with the RC frame-core tube
structure, the maximum inter—storey displacement angle of the UHPC frame—core tube structure is reduced.

The curve cluster of incremental dynamic analysis of the two kinds of structure are relatively discrete, but the
general trend are the same. The slope of the incremental dynamic analysis curve was high when the earthquake
intensity is small and then slowly decreases with the increase of the earthquake intensity. Under rare earthquakes,

the collapse probability of UHPC frame—-core tube structure is less than 5% and the collapse reserve coefficient of
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the structure reaches 5.05, which indicates that it has strong anti—collapse ability and meets the anti—seismic

fortification goal of "not falling in a big earthquake".

Keywords: Ultra—high performance concrete; UHPC frame—core tube structure; Incremental dynamic analysis;

Vulnerability curve
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Table 1 Results of modal analysis
RCHEZR -0 UHPCAHEZR -0
FROR(E R R AR Bk R
5.64 2.37 2.65 6.49 2.55 247
5.81 2.40 2.60 6.66 2.58 243
7.25 8.50 0.74 7.98 8.93 0.70
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Table 2 Maximum time history of ground motion
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Table 3 Seismic wave records

bR e I} [] /4F HEhH =
1 ChiChi 1999 TCU045 7.6
2 Friuli 1976 TOLMEZZ0 ( 000 ) 6.5
3 Imperial Valley-02 1940 El Centro Array #9 6.95
4 Borrego Min 33 1968 San Onofre So Cal Edison 33 6.63
5 Holister 1961 Hollister City Hall 181 5.6
6 Kobe 1995 KAKOGAWA ( CUE90 ) 6.9
7 Kocaeli 1999 YARIMCA ( KOERI330 ) 7.5
8 Landers 1992 000 SCE STATION 24 7.3
9 Loma 1989 090 CDMG STATION 47381 6.9
10 Northridge 1994 090 CDMG STATION 24278 6.7
11 Trinidad 1983 090 CDMG STATION 1498 6.95
12 kern_taf 1952 Taft Lincoln School 21 7.36
13 Scalif_slo234 1952 San Luis Obispo 234 6
14 impvall.bg_g 1953 El Centro Array #9 5.5
15 hollistr_bhch 1961 Hollister City Hall 271 5.6
16 borrego_a-son 1968 San Onofre So Cal Edison VRT 6.63
17 sfern_csmo95 1971 Cedar Springs Allen Ranch 95 6.61
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18 sfern_pul 1971 Pacoima Dam ( upper left abut ) 164 6.61
19 sfern_sjco 1971 San Juan Capistrano 33 6.61
20 managua_bes 1972 Managua ESSO 90 5.2
21 managua _pve065 1971 2516 Via Tejon PV 6.65
22 managua _bsf135 1971 Borrego Springs Fire Sta 6.7
23 sfern_bvp090 1971 Buena Vista — Taft 6.61
24 kern_isd014 1971 Isabella Dam 6.93
25 Kern_pel090 1971 LA - Hollywood Stor FF 6.71
26 sfern_ma2dwn 1971 Maricopa Array #2 6.61
27 sfern_ma3dwn 1971 Maricopa Array #3 6.61
28 sfern_son033 1971 San Onofre — So Cal Edison 6.63
29 sfern_wnd 143 1971 Whittier Narrows Dam 6.64
30 ValDesBois 2010 Alfred_ ON 5.1
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Table 4 Maximum inter—storey displacement angle limits

under different performance states

BERG R PR R o
{j%gﬂﬁ] 0.002 0.005 0.015 0.04

3.5 B IDA %

PR — 4517 U Chi—Chi % UHPC HE 2242 0
SEAGEAT SIE PRI RR A3 AT 2 R R U 1% o sk
FRMZ A& 6 BT o W o J7 I il A S ) bR 0%, 38
i 22 R I UE AT 45 A4 B IDA A3 B . H 3 LR,
UHPC HEZE A% 0 45 09 1 JE R B 3R Al 1 T=2.466
s, MR A R RR AT R A R AR S iR . B
SRR 1 e R I A AR UM 3 (A B — 25 IDA i £k,
WME 7R, B IDA B AR T Z5F e M 72 sh 1
FHE DB B A e 3 s SR e B B . T B B 5
MRS I R

3.6 IDA Hi £ 5504 L Bh 2%

P8 Y 30 25 M = g A 31 UHPC HEZE — 4% 0

IS MR, JE4T IDA 23081, S5 SR E 8 B .
HIEI AT, IDA HERFE AT LU AL, HilZm k%
JEEH— B MR RN, SRR,
ZJ5 B MR 5 3G R 08 R R, REL T4
P e = i e DS o B8 R R AR S A i A

0.21

0. 11

0.04

=0. 11

S /g

-0. 21

0. 31 ——— ChiChi

-0.4 T T T T T T |
0 10 20 30 40 50 60
Tls

6 i 3 e i ph 2

Fig.6 Acceleration time history curve

JIBEARIDA S B2 SR B w5 % ih e ik
TPALEE , ZERE ) IDA R Z8 H (%) TM {E R0 DM {8 4B ik
MATEEZS 43 AR08, N, 7EMIE S, (7)) F &
20X W 0,0, KUK H 0, 1348w, RN K
WfEZE o, Gt — 258 (,, S.(T)), Cuge™,
S, (T)) Fl (uge ™, S, (T)) ), 43 5% 2645 3] 50%
84% F16% Wi kith 4, VLI 9.l ] LUA
5 W BRR 2 a5 B HX 7 1) b 52 Bl s B S8k, gk 6



110

i'Jé

EFE

Mo

425

Jios o 119 R 6 i ith 2 A 1 A2 A IR B T 4544

IR EIR R SR,

TE L2 B VE T DS B B % e 1) g 0 M By B
F5 HERERELRE
Table 5 Amplitude modulation process of seismic waves
75 I S(T,) VLR K2 TS 7 A
0 0 0 0
1 0.005 0.005 0.1 0.000
2 0.005+0.2 0.205 3.7 0.008
3 0.205+0.2+0.05*1 0.455 8.1 0.021
4 0.455+0.2+0.05%2 0.755 13.5 0.046
5 0.755+0.2+0.05*3 1.105 19.7 0.054
6 1.105+0.2+0.05%4 1.505 26.8 0.152
7 1.505+0.2+0.05*5 1.955 34.8 0.219
8 (1.955+1.505) /2 1.730 30.8 0.191
9 ( 1.505+1.105 ) /2 1.305 23.3 0.082
10 (1.105+0.755 ) 12 0.930 16.6 0.051
11 (10.755+0.455 ) 12 0.605 10.8 0.029
12 (10.455+0.205 ) /2 0.330 5.9 0.014
13 (10.205+0.005 ) /2 0.105 1.9 0.004
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Table 6 Limit state points and ground motion intensity parameters

[ERiEaiies 16% 50% 84%

N 0,0 0.002 0.002 0.002
B

S.(T) 0.029 0.055 0.122

e 0., 0.005 0.005 0.005
TS

S.(T) 0.111 0.188 0.323

o 0, 0.015 0.015 0.015
Je A

S,(T) 0.348 0.555 0.842

i 0. 0.04 0.04 0.04
Sl Ealber

S.(T) 0.825 1.099 1.590
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