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Experimental study on seismic mechanism of new PEC column-steel beam
joint with partial self-centering BRS connection

FANG Youzhen, ZHAO Shuailing, XU Fei, JIN Jing, WANG Yiping
(College of Civil Engineering, Suzhou University of Science and Technology, Suzhou 215011, China)

Abstract : In order to investigate the seismic performance of the joint of a new PEC column-steel beam frame with a
partial self-centering BRS energy-dissipation connection, the axial compression on the top of the PEC column and
its layout were taken into consideration to design three reduced-scale specimens, and tests were conducted with low-
cycle reversed lateral loading. Based on the experimental results, the seismic mechanisms of specimens were
analyzed in terms of the load-carrying capacity, bending stiffness degradation, self-centering function, energy-
dissipation capacity, and force-transfer mechanism of the joint. The results indicate that; (a) Partial self-centering
BRS connectivity can provide self-centering functionality through dissipation of earthquake energy and reduction of
structural response, and the main components are in the elastic state throughout the loading process. (b) The axial
compression on the top of the PEC column significantly increases the initial bending stiffness, and accelerates the
energy dissipation process, while the layout of the PEC column has little effect on the initial bending stiffness,
stiffness degradation, and energy dissipation process. (c¢) The residual drift angle of specimen SYJ1 is less than
0. 005 rad when the loading drift reaches the interstory drift limit of 1/50 at the medium earthquake level and 0. 01
rad when the loading drift reaches the interstory drift limit of 1/30 at the maximum earthquake level, indicating its
sound self-centering functionality. The self-centering functionality of specimen SYJ3 is slightly inferior to that of
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SYJ1, and the self-centering functionality of specimen SYJ3 is strong before the loading drift reaches the interstory
drift limit of 1/50, but degenerates significantly in the late stage of loading.

Key words: building structure; PEC column-steel beam frame; partial self-centering connection; energy
dissipation of BRS plate; self-centering function; low-cycle reversed loading test; seismic mechanism

WA LD GRS, — B B R A 5R AR AR 58 F2 B A Sy Al a7 7 E IR K N R e 18 SR
FERIKIR B2 B A, 38 2 S 8Ol FH D R AN 2 1Mk LB 2 dh S (i R, DRl mi 2 il e SR 25 1 7% s
BRARETE AR UE L 48 32237 SR AN Hh 3™ EE A I 2 4 v L0 i 1 R R R AT 5 18 B2 A 1 O gk, o L A2
7 A Z LG5 (self-centering structure ) X FHHT R G5 AGTE W HEA= , A & A0 4544 32 220 4 & P ik 8 TP AT
LSS RR IS BATSE AL /NIRRT EIE GBS 2852 TR 4 A i AR ) ) 14 150l B AR RE JT Aok DR UE 2544
FERCHRERERE 1, ML A H AT Z5# T AR PUAR SR o il 9 340

12401k EAM e E N B AR R GE OR8N AH DGR SR AR AE 125 B B, R A R
=, Ricles 45" F 2002 4FH1 2007 AFHE TR EE + P (TR %) R P AR RERE TR A &
LA TR IR AR A BRIT AT , 25 R R 2GS B AR PR ey 24 T B R A s B s i A PR
ARALRE ) A R AP RUFERERE /1 5 FAARAE R AR s PR A7 5 MRS K 3] 4% I i AN A th IR R B TE | B RAF
H & HE T IR EE RSB T BT R A5 AW &, Chou 2571 F 2006 44T R AN I | F 38 4 i
MR AFERE O A X 22 - B TR BE AT A 2 A B A5 iR R AT IR 5T, 45 SRR S5 . 78 2 R A% 15 21 4%
A2 K43 oA Hh A PR 2R 2 T S R 1 A D RE A G RL ., Tkenaga 251 T 2006 AF4& ) T 38 iof 1 B AERE G IFFE
RERIAEI B B AR, AT TR I hUR MR IR 5T, Xl R L 24k ELAR MR LR R ) KNG
WIS BN REE AT AT, 45 R AR A8 /N T 0. 02 rad B A IR B R 479 1 52 160 D085 S A %
B RT 0. 02 rad B HIZELR A TN 77 Hy B0 — 2 R E (408 AR 1 Sh A D RERRAIR, Chi®™ 2009 4F42 H
K FH B JE th 894k ( BRS) A EZ AL IEEIE X, MR VE R, A0 5 B Al 42 fol 1 43 25, BRS i it JIRAE #5722
RE e, B A T HESRAE BT sOB MRS, 9T 45 SR i — 20 B - FE A AR RS 34 51 5% B) BRS A {5 HL 2 FERERE
77, B 5 AT e S e A A 2 AL, R RE R AT

AR, TARES B 1R PEC A0 78 2emt_ L4 T3 AUE AN A 41 A #E PEC A JF
XHAZ TvERe AT T RV, 25 R oR B G AR 2406 U PEC AEAUAER: T A PEC A1 32 1%
REOLE (3G KA AT R AR R FIZKSE- BT WIS 5 KR B s A 1 b 4 ) , ELIHIBR 1 #1 PEC A 0L
1] I 3 25 S5 U S s 235 A 1 Bt TN B S . ek, PEC A IR R AT H il S22 SC 25 44 5% 138 [n] 4% g #4)
PRGNS 5 7 R AE Bk, HoR TR A2 2k (1 688 R B 41E T T SR AR . 2014 4P dk 50 rE B % X
PRI T RCEAA PR TRIAT 3R 5 B R ALEREIE S, IF 6k H BRS MR B &2 A2 18 A PEC #4052
W S TPUR PERE IR AP BB AL, 25 SRR I i ik BRS A Al A RS AR RERE ) 5 i 35 MR 3
rRRJZ AL A FR1E 0. 02 rad , HARAHE A /INT 0. 005 rad , BV B8 AR SOZZ RIS £ FRAE 0. 035 rad , H:
BRARFE AT 0. 01 rad , BIEHSEIE T A B ALDIRL FERERE ) 5L 2 ITURIE = H WA VLA,

EHE T I 09 B B AERRHEA, O T 2GR A B LB PR ERE, U
i PEC FEANZRA G HESR R 2307 SR ST 4, % 16 PEC M 7 20 PEC A% 77 2 24K, ik it
H4E 3 4~ BRS #EREAGTS 43 A &2 AL EFE ) H A 1 PEC FE-BGR 4 A HEZL 755 S I 47 7K AR R A &2 Ay
#H T PURE RIS, e s HAP TR AL,

1 ik 38 8 R
1.1 KHigit

HUZ 0 3. 6 m BB PEC A1 -SW B4 G HESR v 250045 ;SR R S X 2 RS 710 s A I P A S R
5 B (R A R S s R e PR A A, B S S U S 1/4 ~ 1/3 S AR N AR 1AL ) 458 A R,

Ph PEC #:A5 EJ5 ORI TR ] S i i 240, 01 % B = N & 4k ae 4% 1« 16 ZH R
B IHHIE 3 A ElE, B PEC A ZL R Q2358 Ak (32N 310 mm x5 mm 11440 A H. 3ty 3 45 14
30 mm , BEAR A 240 mmx5 mm AR ) K24 A A, SRR EE O C25 ;B T Q345 T544K 125 a; BRS it



$a

TTAE A BRS Ry A S ALEHGRT B PEC HE-AN R AL S HEALA 1Y iU HLER IS

311

K Q235B AWM N T2 5 s 26 AR FH Q345 .52 125a 51431 i ; BRS #i 5 PEC #2811 10. 9 2% M20 %}
SRR TR | T R AINGR SR 10. 9 9% M18 BB 3% 42 (11X 7 i HE L 10 kN) 5 A & 47 P AR
FH 10,9 2 M20 KAZAT , HL 1505 F13EHEA 100 kKN ;SYJT A1 SYJ2 A PEC A5 40 58 224 32, SYJ3 4 PEC 4
S5 S AR R UL 1, PEC FEARAL AR 4 A A1 A 238 2/ 8 A 45 B 3 AN A PR R, b 1k SN {1
WL 1 R EE L R 3 AR (150 mmx 150 mmx 150 mm ) | SEI0S7 07 (R58 B2 {E f,,, =28. 12 MPa,

. | L 4 i 1
iy e 1 1/
= 4 ) |
¢ " L&A @il ; |
f % . . )
¥ . !
h i ‘ ' 5
At 4
| ]
.
' :

oy B AN
(b) W AFSYJ2 (c) HAFSYT3
B1 Ry
Fig.1 Test specimens
1.2 RBWAR ®1OAHHEZIER
1.2.1 MXEEHE Table 1 Measured material properties of specimens
T ARBUH T 58K A BRS M A & . JEIRERE WRERE R K
PEEERE) PEC A5 240 S HEZR 35 S P E vk f,/MPa f/MPa  E/10°MPa /%
BE A S BERCE  BR A e A B DL IR 2 (2% %;ﬁﬂ;ﬂgﬁgéﬁﬁ% 294.0 414.0 2.01 22.80
1T DT1 A1 DT2 A& F2E K 300 mm , i #11 DT3 ~ i 1
L . o 1250 RASMB s 603.4 2.27 21.30
DT7 By &A% N 100 mm) . fFit DT1 . DT2 5 (Q345)
BRS #2(Q235) 297.4 450. 8 2.13 23.03

DT7 & PEC #E 0K A9 F% & 23 2 45 &

—_—

BBIDTIN
2 e
=

]
gt
DT3

soate

Ea—1

N 5 ’

-0 e s

[ ]
L S
B2 WHANKRHE

Fig.2 Arrangement of measuring instruments

X PEC HETRHFA /K- A0 2k, e A i1
WE gk 2 w4 S TN 2K, DA A It
ERZS TAEIE R, b5 B F SYI2 et
PEC A% T0Ujifi fin 22 18 % "% m] 73 (N =1 000 kN)
JE BT g AN, il R 3 B e i Ay
TR gk, 7K F 2k il BE 2 B S0 AE OG SC
B 2 R B SRR bR AR A (/NGRS K
), LR 2 (.9 2R MR TR
XHIES 0. 5% #38) ,

DRGNS S 2 A e iR T 3 RN 4 DUy g
B N1t 5 A6 MR s AR L ; AR A6 (1 T15 44
Drbly S AR B 1 45° A8 Fr 2 FKAPR AR | 3) U A
X BYYIARIE , AR (57T BRS M iHEIEAS ] G2 A s « 188 )
WA F 4 459078 B 5 FIZKFEI AR | 6) Dt i 55 U1 AR I T
BRS A FiHEAG R i AR AR A A8 Fr 7 (B2 3R ) (8 (FEIE
HHER ) A9 (FE R FZR ) FH TR T 52 RS
1.2.2 mEZELEmBEHE

R T I AR B R L TR T 3 A
AT B30 S A Dk 81 5 A o B i R, 1 76 I MM R4 AT
I SRR TR 5 S B O AT I 2 2R R T AR Il R

F2 I ANEH B
Table 2 Loading protocol for tests
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