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Research on Performance-based Seismic Design of New
Prefabricated Steel Joint Concrete Frame Structure
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Abstract : Based on a newly prefabricated concrete joint test,the seismic performance of reinforced
concrete frame structure ( RCF) and newly prefabricated concrete frame structure ( PCF) are
compared ,to validate the safety and reliability of PCF for wider application. The fiber section
modeling and custom composite section definition are performed using the Perform-3D finite
element analysis software. Performance-based seismic analysis is conducted for both RCF and
PCF. PCF exhibits higher ultimate bearing capacity and maximum displacement compared to RCF,
which demonstrates excellent ductility, can withstand larger shear force, and possesses stronger
energy dissipation capacity, resulting in superior resistance to collapse. The newly prefabricated
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concrete joint meets the requirements of design codes and significantly enhances the seismic

performance of the structure.

Key words: prefabricated concrete frame; performance-based seismic design; perform-3D;

vulnerability analysis
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Fig.5 Hysteretic curves simulation and experimental comparison

2.3 M HRER

MK 1 0] L Y, PCF 50915 b A5 —
53 H AR T L 5 7 TR 956 4 T A 3k
A 5T H R R AR RV A % 2 1Y)
75 35 PO A T R A (R T H AU AN
KN 600 mm, RCF 4544 K PCF 45 #43F |
SETERSTanE 6 fis .,

}

500

18 000

@ 11
x
g =)
=]

1 3

i Z2 i

7777 77777 7777 /7777 500
i 6000 x3=18 000 + 22

S TR EVA TR =N
Fig. 6 Structural plan and section

PP 28548 1 RS 5 4R 2 80 T
AT BRI AR, AERIHTRZ R ZURE
7R B HEAM AL )y 0.1 g, BT HE I
AN —4, 2 o 128 R A 4
h0.35 s, ABLTRY 28 Ae S 57 T ML AR, R 6
B EMERE N3 m, K6 m, HEH
P x 20 500 mm x 500 mm, FEEL I T % &
41250 mm x 500 mm, B g TR EE AR A
170 mm , #4187 15 i 2R 17 205350 0 5 kPa
12 kPa; {RHBE TR BEAE G C30, BT A7 2 AE
RGN 0] 52 7 B9 75 K il 575 11 4 HRB40O , B
R FH Q235 #T

2.4 HEFNEE

HRAE CRR IR (GB 50011—
2010) 4 1 I T 0], BE R 4% K SR MR Uk
FNL S N TSI M R U, v R 4R Hl i i
M PEER % 98 FE v ¥& B, £ & FIRE
STATION 22791 i 5¢ B HECTOR MINE
(T1) A1 USC STATION 90070 it 5% Ay
WHITTIER (T2) , A T A 3R I (R) R
FH PBSD #ibA i, B 7 45 T 3 S&HbEid
SR I B2 B N7 % - 34 S ik e R B T
F VA

oasr, .

T — ™

oaat: R

4 —m TR R

RO e N
= 0.10[3,
ﬁo.os :
R

0.06}f 1%
0.04f
0.02f

0 1

JaRiss
B 7 MRS s s

Fig.7 Seismic spectrums and response spectrums

3 Pushover 73HT

Pushover 7M1 77 & —Ff LA 45 440 113 0] i)
DA N AR BT R RE Y 45 M PURR T RE VA
J7% . 1€ Pushover 23 #1 H, A [R] B9 00 1] 3 43



6 4] .

WS 46 L TP RE AR LR IO U AR SRR L AR SRS PR B 983

A AT RE 22 7 A2 ANl Pushover HZE™
K 2 % iz i Perform-3D X} RCF %5 ¥ il
PCF Z5# 478 =1 5345 SPO1 FI¥I5] A5
SPO2 WA [a] 3 43 A B 1Y Y 1 43 AT
4351455 RCF 454 fil PCF 4544 7€ SPO1 Fil
SPO2 | #J Pushover HiZk ( UWLIE 8) . M
AT LLVE R RSk G B, WA 1] ) 4 A
BT A RE 1 2B e , A I s I

3.

g
2
=
o[ 1250k
# A,=238.28,4 =87.55
Q=223 4,=2.72
0 . . . . . . .
50 100 150 200 250 300 350
T S AR /mm
(a) SPO1-RCF
3.5
V,=3107.73 kN
BOF " T T T T TR T T T T
X1 A R
4 085 7,=2 641.58 KN
220} 02=2.49
R
B1.s Ha=3.00
< S R ! o e
W, oL /r=1250k8
. A,=224.87, A=79.89
0=2.49,11,=3.00
0.5 e
0

50 100 150 200 250 300 350
T A2/ mm
() SPO2-RCF

AEX—20; 24 E A SRS 1 i BEIS, B A 4544 9
TR LR T YA N R Pk R AR
e A 5y =X e i — L
T =Ml ae gz b 48 = ff far
AR]85 48 1 0 M BB TR A AH X RS
BEAh, B8 X He B vl T, A BRI 1] g 43
Atz , 5 RCF 544941 Lt , PCF 4544 % i

. = AN - e
I ST B R 5 i
5 -
AF T T T T AT 3 V=4 106.45kN"
2 [T/ 085 73 45048 kN
> 3}
z 0=2.63
8 |
@ 2 1,=3.55
o Vel560kN T T T T T T
1+ A=287.14,4,=80.93
0=2.63,4,=3.55
0 . . . . . ,
50 100 150 200 250 300
T s ABS mm
(b) SPO1-PCF
5 -
4""'" =" V.—44711.69kN "

0.85 7,=3 800.94 kN

3r 02=2.87

L 1,=3.61

Vi=1560kN A4,=250.04,4,=69.21
0=2.87,4,=3.61

LB S/10°kN
[38)

50 100 150 200 250 300
TR A28 /mm
(d) SPO2-PCF

B8 MRS RIRE S h Lk

Fig.8 Capacity curves of two structures

3R 45 Pushover [l 28 J5 412 HCH A0 B ) T
EVERESE. B RILIR BT N v, B E BY
HVy WBRBIRE A, FURIRGI A, o T RAE
FesR AR A R. Park J5 35" BRI 15% BB BT
TRAR ST 5 BT X6 IO 1) T o5, 57 6% 1k R g A PR
ik, PR TR, WA PUE fE il
H/NF R RMPURERR ), AR EER,
SE SN ZER PR P RE RE 1 5 AR )
Ry AL 5 SE P 22 B0RT LA S e 435 g 98 A5 9
FERLRERL MY RE T, 8 O BRAY % 5 i IR 157

AR

£ SPO1 #1 SPO2 11, RCF 45l 5
PCF 4544 1) ~F- Y5 8 5 5 8050 A ol 2. 36 Al
2.75 R WITC A vt Sk BE 8 ful 295 4 75 00 ) iy
BT A4S SR A W 2 AT Y R T
4N, RCF 454655 PCF 454 5 ¥ 9 M R 0k
2.86 F13.58, F W] PCF &5 #4) rp 4 s 4b 7k
V- — T MR Y 15 RE S A A S RS SE T
FH, MR TSR I BUR TR BE .



984 WHERKESMARBFR)

%39 %

4 BRERPERSAR >

iz Ffl Perform-3D A4, LAZESE) 3 S5
AR Ry b RE BN A, I T 5 b 7 D Ve A1
PR BRI BIR 7 B 7 3 MR 14 3k e
220 g, %} RCF 4544 Fll PCF 4544 1 45 5 9 :
HRE AT , W 55 0 b 48 A0 1 3 R i AT B
Lo

RCF %5445 PCF 45478 = Fp 1 5% 3 1F
FHF 45 21 4 Ml 72 e I AR H 25 SR n 11 9 e
o HIE 9(a) WA, RCF 4540 5 K 2 4 A
e N T 0%/ FH R i 8.259 x 10°N-mm, PCF
SR KRR A RE N N T ERH T W
7.458 x 10* N-mm, A T.J%4EF T Y RCF 4%
P4 Je R HbL R iy A BE KT PCF 4544 ; (H7E T1
PR T2 PR AR, PCF 4544 1Y e Kb 72
i ABER T RCF 4544, HIE 9 (b) nl Al 7F
HEWI], RCF 45445 PCF 454 it [ml AL AE
BAE N 0, BLJEFERE UL AR /N, e B Wi Fh 25 44 11k
IFS IR AR Y | 235 44 1) i 72 i A BE 222 LU
BIHE RN I AR G At A7 AL Ok ; il 5 1l BB it
Y% A, RCF 45 #8) 58 51 WL ¢ 31 i [l € fig 9
SR IR AR I s Z 05, = i A g
SSFE R A4 18 0 i TS A 5 i b R D )
A, BFERE LT AN FRG N, A S FERE7E AR
i AREIT (5 Le Ak 20 0, 3% I 45 4 I FE g
fiE 73k SRR, Hb R H A BB 48 K — 3 73 Bl i
[l A e 1 BH 2 #E AB FEHL . H 519 (b) FIEI9

9

[ -#- RCF-T1
——PCF-T1 S
- - RCF-T2 'y
= —e—PCF-T2
E - 4- RCF-R
z or
E
~
|
Jm
<
£ 3t
it
R
[

0 ; 1‘0 1‘5 2‘0 2‘5 3‘0
B [B]/s
(2) R ARRN 72

[ 3
=3
T

—_
(=3
T

W EVRERE o R A BE LRI(EW/ B %

1 1 1 1 1 ]
0 5 10 15 20 25 30

B} [B)/s
(b) ¥ EFGRE & Sk A BB Lo

_

00

o0
>
T

3
.

'S
(=]
T

%3
=
T

BRERE 5 B A BBRY LI(E, ./ E)/ %

0 ; lIO 1I5 ZIO 2IS 3.0
B /s
(o) BHERE 5 B4 A BEAY LA

B9 N[EH R B AT MR RE = AR XS L
Fig. 9 Comparison of seismic energy time-history

under different seismic waves

() AT, PCF 45 #4 R A 3iF ] 6 RE 1 3 7% 2
A RERY LU/ T RCF 4544, SFERE 7 S
AFER LK T RCF 4544 , Ui PCF 4544
e AR T, AR IR /N T RCF &5
1y, BEIRFERERE 18
5 LT IDA J5 ik BHLER Sy i dk

ST

Wi RR G PR 23 M AT LASE T IDA J5 74K
TSR [R) 3 P R A R R AR A5 RS )
PSRRI R %07 IR AR TP RE RO DU
PEAR oh AR 2 T N, 2 o ik
PGA 11 6__ 53 5AE N IM F1 DM 48 b5 3847
IDA 734t , IR £ 35 2 il 4 R 4L CMR
XG5 AE TR PR BEHEA T B VTAG



55 6 1] A TR RE YT AR C U Y TR BE L HE RS MR BT 985

5.1 MERIAER 0.2 g,040.2 g MHAE0.2 g ~1 g HUH,TE
PR S B T T B R ISRAE Perform-3D H X} RCF 45#4 5 PCF 45 #4 #E47
0, —MBIEH 10 ~20 AR IO SREIREE  HURS BT, MR ARSI 2,
JE— 8 R BE B2k 2 IR PGA
Fz2 EINCE

Table 2 Ground motion records

75 Fiff Ay BIifFR B FgEntkss  mRERTE/s PGA/g
GM1 Kobe, Japan 1995 Nishi-Akashi 6.9 40.95 0.01 0.51
GM2 Kobe, Japan 1995 Shin-Osaka 6.9 40.95 0.01 0.24
GM3 Kocaeli, Turkey 1999 Arcelik 7.5 30 0. 005 0.22
GM4 Kocaeli, Turkey 1999 Duzce 7.5 27.18 0. 005 0.31
GM5 Chi-Chi-Taiwan 1999 CHY101 7.6 90 0. 005 0.44
GMb6 Chi-Chi-Taiwan 1999 TCU067 7.6 90 0. 005 0.5
GM7 Friuli , Italy 1976 Tolmezzo 6.5 36.34 0. 005 0.35
GM8 Duzce, Turkey 1999 Bolu 7.1 55.89 0.01 0.73
GM9 Hector Mine 1999 Hector 7.1 45.3 0.01 0.27
GM10 San Fernando 1971 LA-Hollywood Stor FF 6.6 27.99 0.01 0.21
GMI11 Superstition Hills 1987 El Centro Imp. Co. Cent 6.5 40 0. 005 0.36
GM12 Superstition Hills 1987 Poe Road( temp) 6.5 22.29 0.01 0.45
GM13 Imperial Valley 1979 Delta 6.5 99.91 0.01 0.24
GM14 Imperial Valley 1979 El Centro Array #11 6.5 39.03 0. 005 0.36
GM15 Loma Prieta 1989 Gilroy Array #3 6.9 39.94 0. 005 0.56
GM16 Loma Prieta 1989 Capitola 6.9 39.95 0. 005 0.53
GM17 Cape Mendocino 1992 Rio Dell Overpass-FF 7 35.98 0.02 0.39
GM18 Landers 1992 Yermo Fire Station 7.3 43.98 0.02 0.24
GM19 Northridge 1994 Beverly Hills-14145 Mulhol 6.7 29.98 0.01 0.42
GM20 Northridge 1994  Canyon Country-W Lost Cany 6.7 19. 98 0.01 0. 41
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Fig. 10 Maximum inter-story displacement angle of structure under IDA analysis
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Fig. 11 Regression analysis curves of seismic demand for frame structures
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Table 3 Limit values of inter-story displacement

angle corresponding to each failure level
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EFHH(LS,) 1/550 <9<1/275
BE G (LS,) 1/275 <6<1/135
A4 (LS;) 1/135 < 0<1/50
fEI35 (LS,) 6>1/50

RCF 2545 PCF 25 ¥4 75 5 K2 (R 7 7%
A mPEh & 0K 12, WK LR
i, RCF 25411 Z itk = T PCF 2544, T Fil
SERAE LST A1 LS2 AR AT 1 5 #5114 Hh 26 L
PG, Ul B B A e L 9 SUAE LST R
LS2 AR T X g i 43 JL-F- e A 52 ; Bl 4
Sk MR Bl BE 3G 0, PCF 2544 1) & i 1
Pz B, 76 LS, IR T, PCF 45441 5
PEAR BE RS /N T RCF 4544 | 8Bt 40 51 0
95.86% Fl1 96. 64% ; TE e 19 LS, IRAT,
PCF %515%¢ RCF 2548 7 H B KL 3, i
BEF 5k 79.21% F1 88.42% , X F IR
FHB 2 e A T o BB A A A5l 2 b AR 1
FHT Z5A A 477 , i T3 AR 45 H) IR A0 528 7522 174
T IRMESR | U L7 S5 2 10 235 4 31 33 A B R
B B AR B



55 6 1] A TR RE YT AR C U Y TR BE L HE RS MR BT 987

OI.6 OI.8
PGAlg
12 ST IDA 53#r B9 S5 35 K2 R 8 R 4 Al

Fig. 12 Distribution of maximum inter-story

displacement angle of structure based on IDA analysis
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Table 4 Safety reserve coefficient of structural

CMR =

collapse resistance

ZEFIE 2 IMcr/8 M1/ 8 CMR
RCF %514 0.718 1 0.224 4 3.200 2
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