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Tests of Precast Concrete Beam-column Joints and Analysis on

Mechanical Behaviour of Prefabricated RC Frame Structures

GAO Xiangling'",XU Longbiao', LI Jie! ,CAO Yang®
(1.Department of Structural Engineering, Tongji University, Shanghai 200092, China;
2.China MCC20 Group Corp.LLTD, Shanghai 201900, China)

Abstract: A new precast concrete beam-column joint connected by I-shaped section steel was presented.
The precast concrete beam-column joint was tested under reversed cyclic loading. According to the charac-
teristics of the I-shaped section steel connection, a simplified equivalent cross connection model was pro-
posed to simulate the joint.Based on the experimental results of the joint and the stochastic point scattered
in two-dimensional space, the equivalent elastic modulus of concrete and yield strength of steel bar were
identified in the simplified cross connection model. Therefore, the hysteretic curve of the prefabricated con-
crete beam-column joint could be simulated easily by finite element analysis.A precast RC frame structure
with six floors and three spans constructed by the precast concrete beam-column joint and a cast-in-situ RC
frame structure with the same section and the same reinforcement ratio with the precast beam and column

were analyzed by Pushover method. Meanwhile, according to the parameters identified from the
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experimental results, the nonlinear numerical simulation of the precast RC frame structure under seismic

excitation was developed. The experimental results show the hysteric curve of the precast concrete beam-

column joint was plump. The numerical simulation results present that the precast RC frame structure ex-

hibits the satisfactory load-carrying and deformation capacity. Thus, the presented precast concrete beam-

column joint can be used as a connected type for the fabricated concrete frame structure,

Key words: precast concrete; beam-column joints; frame structures; seismic behavior; numerical simu-

lation
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Fig.1 Precast concrete beam-column joints
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Fig.4 Testing results of the beam-column
joints connected by I section steel
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Fig.6 Flow chart of parameters identification
in the joint

2.2 EUMRETRBERNTESR

ALY R XA R 2 RO S AT LR A A
T 1) S5 RICTR B - S A AR A9 114 JeE i i B AR A0
SER SR LA R T A TR A A0 2 S R A
PR TCAR AU, 45 3R 5 1 0 45 SR A 0 L UL IET 7.y 18] 7 W]
RSP R X 4 2R i (o] il 2 B — E A —
Bk B 2R S A R B R 3 LT — B B
{EL BT 45 2R B ARG RE AE 1 il . 28 W1 1 o bt g A A A1)
T30 AT DAAR Jeg o A6 0032 TR0 4 3 43 90l 2 15 X SRR A



LA

1 1) B A5 - U TG - A Y i M2 Ty P RE BT 101

PR ] T £ 32 ] AR R D R X M R A 1
197 SAIHEZR S5 R BE A 52 3 50 B B R

FhT T i 2 e P R A U SR 114 2 A g
TN 1075 5 B 9 45 44 F 7K fi 2O e n A
A3 PR AP SR P ASCAEL A A1 194 7 2+ AR 40 222 S I T o
J7 BRI 1P B AT i 4 A 7 TR
PR T e P 2 SR e i 2 - i 28 1 i [ ity
ZAniE 8 F.

150

----- IRz
100 sefireiss

501

0.

4% /kN

-50F

-1001 £

-150 y !
-100 -50 0 50 100

{7 /mm
B 7 @A AR 5B R AT
Fig.7 Comparison of test and calculated
hysteretic curves of the joint by the simplified model

150

100}

i / kN

100

B8 AsmAhn BT b A e o
Fig.8 Calculated hysteretic curves of the
joint loaded on the column end

3 WiHIRRIERGRELRES T

3.1 EZREGHERR

AR I 2R FH 110 99 4 e 5 - SR 1Y A 1) 2 42
T —A 6 JZ 3 B TR BE A8 M SUHE SR 254y
HEZR 1) ¥ 1T 0 57 1T 59531 DL P . T il Y8 o6 - SRR A 1Y
e -5 X 1 A ] RS L A C50 ., Gy M i
43 HRBA0O F1 HPB300 , 44 44 i B () A v (R
SEAR A ) 45 G4 BR TR B L 45 A BRI )
HEA T UL 45 MEAE SR 45 Ky Jr (e 3t R BE B B o 8 2

Yyt 250 11 280547 HE ZR 45 44 1) B R 52 T3 PERE
P IR & R E 100 mm, 1H 2. 152 BCh 3
kN/m?.

[
] o
e 1 [
— T
g o
Q [
< i
el |
CJ
6x6m=36m
I 1
(a) HEZRAEE TR P17 5]
£
o0
=
I
g8
C":
(;(‘1
©
a— .4 o
L 3x42m=12.6m |
[ |
(b) HEZR AR 37 ThI [#]

A9 AEREA
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frame structure
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Fig.12 Displacement time history curve of the

prefabricated frames under seismic excitation

6-\ 6=

ﬁS . ﬁ3 \.\
\
2 [3 2 *
\
1 . 1 //&
///
5 10 0 20 30 40 50
ZIAA4 / mm 18462 % / mm
(a) i (b) HLEAPE

A 13 ER R KA & 4245
Fig.13 Maximum storey-displacement of the

prefabricated frames under seismic excitation

D 7 —FhoRk LAY K7y i deUm e TR Bt £
TR TR R 56 T 193 1% 05 3l 2 Y A S
SR AR AR mT A0 O R 4 5 A i [l B
B » HUGAE fof AR, S HETE R KLY 3.0 1,
T PR SR A B v TR A 3 R B B Y



LA 1 1) B A5 - U TG - A Y i M2 Ty P RE BT 103

PURRNERE » nI A U 2R e s COHE 2R 4 4y 14 12 4207 5

2) 2R OpenSees 3 #fFH B Joint2D HIG
HEAT T P TR B b TR A T AT R B L AL 45
FIER AR ) & B

3) PR T — Ay AE S AU R e A Y
A R ] il A AR A R AR %5 ik AL R] HE
Mo BEAT Y AR SO A AR T 19 32 J1 Pk RE S A L
AR EH AR,

)R F Rt A TRT AL 7 95 52 BE T 2 AR 4 e
FUHEZRES A4 TE L REIUAN T A BEARSZ T PERE 23 AT

S Uk

(1] /b, A R 90006 2 e SOR B - a5 M LI ] A 7l
2010(9).27—32.

HUANG Xiaokun, TIAN Chunyu, Research on prefabricated
concrete frame structures| ] ]. Housing Industry,2010(9) ;27—
32.(In Chinese)

[2] PRIESTLEY M J N.Overview of PRESSS research program
[J1.PCI Journal,1991,36(4):50—57.

[3] PRIESTLEY M J N.The PRESSS program: current status and
proposed plans for phase III[ ] ].PCI Journal, 1996,41(2) 22
—40.

[4] SUCUOGLU H. Effect of connection rigidity on seismic re-
sponse of precast concrete frames[ ] ]. PCI Journal, 1995, 40
(1):94—103.

[5] NEGRO P,BOURNAS D A,MOLINA F J.Seismic testing of
the SAFECAST three-storey precast building[ C]//15th World
Conference on Earthquake Engineering. Lisbon: Sociedade Por-
tuguesade Engenharia Sismica, 2012.

[6] DIMOVA S L,NEGRO P.Seismic assessment of an industrial
frame structure designed according to Eurocodes, part 2:
capacity and vulnerability[ ] . Engineering Structures, 2005, 27
(5):724—735.

[7] OZTURAN T, OZDEN S, ERTAS O.Ductile connections in
precast concrete moment resisting frames [ ] |. PCI Journal,
2006,51(3):66—76.

(8] BV, T . k. 2 e =X Tl il VS Bk HE R g A4 RS 40 3y
JrABe i oE )] A F 25 4R - 2008, 29 (4) :58—65.

LV Xilin, FAN Li, ZHAO Bin. Pseudodynamic test on a
reduced scale jointed precast concrete frame structure[ J ].Jour-
nal of Building Structures,2008,29 (4) :58—65.(In Chinese)

(9] SEJ7 Bemc=X TR e TR L R R B X)) LA TR
4% ,2010,43(S2) :131—136.

FAN Li.Investigation on behavior factor of jointed precast con-

crete frame structures [ ] |. China Civil Engineering Journal,

[10]

[11]

[12]

[13]

[14]

[16]

[17]

2010,43(S2):131—136.(In Chinese)

BRIE A FI4ERA 2 PR 52 45 KBTI TR 58 + 2 A B A Hh
AU RBUE MR IR AT ST [T ). TR J5 2%, 2012, 29(2): 135
—141.

CHEN Shicai, YAN Weiming, LI Zhenbao.et al. Experimental
study on seismic behavior of layered slab and beam to column
interior joints in precast concrete structures| ] |. Enineering Me-
chanics.2012,29(2) :135—141.(In Chinese)

T IRIES B AR A5 2 T ) 25 IO HE S TR 6 - SR AL
SRBURTERETIE L) 1 WY RE R 24 - B AR , 2015, 42(7)
42—A47.

YU Jianbin, GUO Zhengxing, GUAN Dongzhi, et al. Research
on seismic behavior of a new style precast concrete beam-col-
umn connection[ ] ]. Journal of Hunan University: Natural Sci-
ences.2015,42(7) ;42—47.(In Chinese)

GRS L bRAEE T TR HAT B 2 AL D RERE B UHE AR PR P RE
S R R A HT L) . TR J1%,2015,32(S2) . 72— 77.

ZOU Yun, LIN Hui, MA Weiqiang. Influence factors analysis
on aseismic behavior of prefabricated frame joints with capacity
of self-centering[ ] ]. Enineering Mechanics, 2015,32(S2) ;72—
77.(In Chinese)

TR . T 2 e 2R B E SR R 14 52 00 M e K R 5 B A3 AT
[D]. Fif: WGk AR TR Bt - 2015: 70— 73,

XU Longbiao. Mechanical behavior and reliability analysis on
prescast concrete frame structures [ D]. Shanghai: College of
Civil Engineering, Tongji University, 2015; 70 — 73, (In Chi-
nese)

GB 50010—2010 JREE 25 i HELS] bt h E 5 T
b At , 2010 19.

GB 50010—2010 Code for design of concrete structures[ S].
Beijing: China Architecture &. Building Press, 2010: 19. (In
Chinese)

KRAWINKLER H, SENEVIRATNA G. Pros and cons of a
pushover analysis of seismic performance evaluation[ ] ]. Engi-
neering Structures, 1998,20(4) :452—464.

Gy Fadt, O 3R T 6088 S [ RE RE 1 25 K PR M BRI AN BT
LD IR 24l 1 SRR 0, 2009, 36 (8) - 1—6.

YT Weijian, YIN Jiang. A new method for evaluating seismic
performance based on displacement and hysteretic energy[ ] ].
Journal of Hunan University: Natural Sciences, 2009,36(8):1
—6.(In Chinese)

JGJ 3—2010 &2 A SR BE LA MBS ] dbmt: thE
HF Tl AL, 2011:17—18.

JGJ 3— 2010  Technical specification for concrete structures
of tall building [ ST. Beijing: China Architecture &. Building
Press,2011:17—18.(In Chinese)





