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Research on Seismic Behavior of Pre-cast Reinforced
Concrete Members with different connection forms

ABSTRACT: As a consequence of rapidly increasing housing demand and
environmental problems has becoming increasingly prominent, the
traditional extensive production construction industry has to change its
origin model of production. China has put forward the “industrial
building, housing industry" slogan timely, and actively promoting the
second revolution of precast concrete building in our country. Precast
concrete Shear Wall structural system has nice horizontal lateral stiffness,
more suitable for the industrial development of China's housing than the
frame structure, while it has the properties of both rapid construction,
high-quality, low pollution, low energy consumption and other
advantages. The reliability of connections of precast members, especially
the effectiveness of rebar connections, is the key determinants of precast
members integrity and its seismic performance. Therefore, the research
are focused in connection area, but also only wall to put the precast
concrete shear wall structure into application and enhance the rate of
precast buildings.

Based on our previous studies, we have been making improvements
on the U-shaped ferrule connections properties and do further research.
On the basis of the U-shaped ferrule connection, two different connection
forms was proposed, the U-shaped steel edge reinforcement welding
connection or cold extrusion sleeve connection. The experiment of
precast reinforced concrete column was conducted. Judged from failure
modes, reinforced strain transferring effect, displacement and energy
dissipation capacity and other aspects of the specimen, the improvements
of extruded sleeve connection is reliable. In order to verify the
effectiveness of enhanced connection, while acting as supplement of our
previous research, 5 shear wall specimens was designed, including an
in-situ specimens and 4 precast concrete shear wall specimens with
horizontal seam. Quasi-static test was conducted. From the aspect of the
test failure modes, fracture distribution and development law, specimens
ductility and energy dissipation capacity of the specimens it is verified



that total cross section of U-shaped connector ferrule are more reliable on
the strength of post cast concrete. Although the construction method is
simple, it is highly depended on the temporary fixing methods, while the
use of cold extrusion sleeve member connected to the edge, to improve
the continuity and reliability of steel connections was improved, while
addressing the construction of temporary fixing problems at the same
time.

Finally, through numerical simulation based on ABAQUS, it is
founded that in the finite element analysis, by using nonlinear spring
elements with bond slip effect between the reinforced concrete, the finite
element analysis results are basically in consistent with the experimental
results. Through the simulation that the stress test distribution status and
failure characteristics of the specimen was clarified.

Key Words: precast concrete shear wall; quasi-static test ; U-shaped
joint ; seismic behavior ; ABAQUS

Classification: TU375
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HSW3 386.75 586.75 694.15 630.3 943
HSw4 350.22 603.58 780.42 650.24

HSW5 350.56 600.74 760.52 620.57

FHECILRIA M HSWL, FERSAATIRAK T VR, 35 5 ik i = A AR
R o E RS A A7 B, Vi b AR R i AR R i B AR, BB K ST 24
XF TR, T TR ) ARG S5 AN S, B AT/ TR R
TREE 77, 2RO T FE R IR 4% . i HSW4. HSWS AH XS
HSW2. HSW3, FFEMEHFE/N, ZHTUgmmEHR T REREE, £—F
FERE LSS T IREE IR E RS, FRAR T AR . RIS o 25 )5 B it A B AR X
T4 U BB HERERRAE HSW2. HSW3 B4 100mm, i DA &b 7 Th 3
[FIFESER AT EAER T, HITRE R,

FEARIS I, T8 55 10 52 H Jee AR ot TS e s Jee i, Pl DAKS 52 80 7 et R A
AR A e R P W A AR o 2 I S e e RS R R, B R AR OR,
SENHAEA S BIERT, TESHEZ NI, BT LU0 8 MR e 85890 5 1%
BEHESDIRAS RIEMSE, IBGREE HSWL HX/5 8kt 8:, JoIRAT iR, SR
AT HSW4A, HSW5 SNk R TR B %R, AL A, JOREdT,
JE R AR HSW2. HSW3 £ #aN %A U BB 4% /7,
ERE TIPS, LR PRI, B RT3/

R, LG R G 8 R, BB e A R dl sk B S 1,
RAEGEIRBEIR, O X SR e - B MW 2, [, H R B & B KK
4 1000KN, - 358 A U6 {1 i 2 08 21 W 45 5 K 11 90%, BT DA I 2 B 58 i 4
(IR IR T 480 2B T i AR e A r AR N T I B — e R N %, SRAH U &Y
B E B R T BRA LL D S i R A B R E RS R FE R, — 7, R
PR RBIR TR 25 2 T2 R X v R 4 L B R V5t R AR A, T S5 R gt L e T 45 I g
I ) DA R it T B T % SR FE R s, T ) 55 )5 e TR L T R SR BE s S — 5T
FH T 2R P ) A0 A5 T R AR B A L I Pe il A I RIS, G BaiR Bt L PR S, W
AR BE L 2 [ R S5 i ki %, SRR R R AR . =N SRS B
2 £k 3-6.
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(@) HSW1 B % v & (b) HSW3 & 42 ¥ 2%, (c) HSW5 B 5 i &,
B 3-6 RKAELKX I/ 3GK-F4E U R LG ERRNF TR A

WUIF AR, 2R e BRI K EEAARAR /S, Bl T 7T R A Bt o 7K T
TR A Z A o AR RS, IRk s s il e A2 D el (R A 4%l o
BB AT RN, A R 2 I TP 2, BRI R B, AR RE
DB INSE g, (HlfF AR A R BB KT AL A2 13t — b g hn,
WA B BBV R IZHT R B, Azt — DK, RAARABNBIR. A
CLER], =0 E 2R i A AAR, 10 HSW1. HSWS fEil {5 A e ik e ,
ARBBE I A BRI, W HSW3B e kG, ABAEARLTH-—T G, 1
KAEUN, UYL et & A o W PF1E SRPANTT 13 0 28 Hh 28 A2 4%
KRR, X T2 TR & RAL TR F S, 5 — S Bl R AT AN 5 AR
&, IR TN B B AL A BRI 1R AR

3.5.3 KFH-{UFZiwE ML

s 0]t AR T 1 AN ST VR o A5 A R P B AF RV E RS AL, AT R LR M RERY
HEARbRZ o VREL 3 AN AR KT - RLRE i [m] 2t 3-7 B
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800
600
400

F/KN ——HSW1 1000
800
600
400 .

F/kN —+—HSW3 1000  F/KN —e—HSW5

(a) HSW1# &t (b) HSW3i# =1 it £, (C) HSW5i# = th
B 3-7 3 7 3E X = iy &

FH & 3-7 BY 3 A o] h 42 n] 15

FEAT B35 T I B, P il A i [ A T AR B LU AN, AR A TP B
FEREIR /Do MRS, AR EHIINER B, ARERMBEERT, HEK
AR ER RGN, B R PR AR BE 2 0, A B FERE R I .

MARA 8]t TR A KRG 8 T 5 e i el #h 42, BB A fe i A 5
SR EBVEAR TR 0 o BT TR e A i [ 4 R AR D AR T A TR e
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TR GEN T R TE R RN A AR L AN S TR AR RS, DA TR
7RI (R )BT MA R A A N R, BB A T
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S LR

N 1] 28 P TR AT I 23T, TEA B4l In BB B, B 3-7(b)+ 3-7(c)
Hh i [ B A 2R AL R BAR T 3-7(a), RN [ B 7 VR I 2 i iR A
LG W IG5 R4 5 T A R T R R, [RIIN J5 ek
P F BT D8RS, 7R TS ER R, R X IR, 7 A2 AR By B KT
X3, SR, BN R ENSS, ERMBIERT, RIERAERE
B

3.5.4 K MET R I 54

Xof 2 TE 2B S 0 0 55 AR A B A, FH T R A e e ) bR
LR AR T TP R BOE AT G R B DA B A SCHE H 110 e T kA2 4 0 1 42 7 VK 1)
& JI 3R A HSWL SR W A A7 B A T M G2 T T 75y 50mim (148K 1 Ak PR3 75 1
A HSW2~HSWS 84555 B AR e 75 5] — A7 B AN B b A B 2 A, 43 e b R T T
50mm 4b Jz 2R T 200mm Ak 855 R AR I AA B a0 B 3-8 T .

si(s11) 400 - * t 10520
$2(512 L%w susbolordl  Rp(sIENSTISITNB(SI8) $9(s19)
A —BJ_J_J_J g
(@) HSWL4R 75 & % 3l .45 & (b) HSW2 ~HSW54R #5 &2 75 ) & 75 %

B 3-8 W A3 p 2 T A E T

=N MR A AR R A 2 Aar R RS 1 AR [ B T Ao B AR A 1 O 2% b e
3-9 o o T4 JiE IR 5 A R AN A AR e - 2 TA) D8 R AE R S5 TR RS BOR
FHAET BB, BRR AN AR BT B S AN A s AR, 3 B A AR
BB ERERE R, T AAN A Je R s BRI A AR 23 A R AR B R AT 20 A

=ANRE R EERIRE T, MARE 2 oA, Felc il it s
SR EE AT [E], AR AN N A R IR IR, RN AR, AN
PO A A 30 S AR, A2 9 A2 PRI E 1), 7T L2223 I e ot L a5 A (R it
TR B A AT B A5

& 3-9(b). 3-9(c)7 I iRk HSW3 Rk HSWS [ R A8 /A Asfb il 2k,
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1B 55 A2, bottom A1 top 735l A SCRE A i A AR -4 A A AN TR A4 £ S R 15
RN o AETT R B JiE I far 2 5 bottom A top #h &AL HAHIF], HhZk
WA, B HSWS [FihZeAh & 2T HSW3, R IR B i B a1l
PN A% 1R AL -

FEIE 3-9(b)H, AT HSW3 1) 52 s A A0 52 F A0 320 2540 iy I A8 A8 A B K% it 4R
A — 8 2, T 3-9(c)H, 1t HSWS [ il 28 52 v A0 52 s 7 A8 AR Ak ]
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FEANE, 283 B RIXMERTNANPURTERE, FrAesim U BUERRK 52 50
S AR A 17 e Al S 2 K
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(b) HSW34R 7 k2 7 v 2%, (c) HSWA54R 5 i % o £,

B 3-9 #AY /) XA 2T &
3.5.5 WA NMBFFHERRIE LT
U AERFAE AT 380 F T BRSO 82 U0 3% 3-6 Jom o e S il i 48 B S A1
MHEANE B IE DL, NHLAEIE . S MAIEAE T 22y B B iy 480S 5 il T
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% 3-6 RAAFAFLE ST 69 H AL

'ﬂﬁ B F /kN Al mm
k] Ef ] Eff S ]
VAR 400 393.65 4.06 3.44
HSW1 RIS i iR A 650 644.27 11.58 12.59
A 889.34 756.53 45.12 27.95
P BR - - - -
VAR 400 346 4.41 5.68
HSW2 PRI i iR A 500 399.63 13.14 14.54
A 659.75 549 24.28 26.32
R BR 510.31 465 31.05 28.16
VAR s 386.75 413.27 4.01 3.39
HSW3 TR0 R R 586.75 613.31 9.87 7.25
e 694.15 680.1 31.79 35.12
PR 630.3 612.1 40.53 37.14
iE 350.22 350.83 4.02 3.95
HSWa TR0 R A 603.58 597.64 9.13 9.64
e 780.42 672.59 32.14 28.17
PR 650.24 562.64 39.35 34.52
VAR s 350.56 356.23 3.83 4.16
HSWE TR0 R A 600.74 600.09 9.54 10.24
i i 760.52 689.41 31.56 27.14
PR 620.57 540.56 38.12 35.45

MRAEARMF IR AR, $2302-2) T Sl AL R 2 VE R 2 1%5K(2-3)
TS MR R BRI, TF5A R AR 3-7 .
& 3-7 FEX W A 35X 0L BE R ROt R A

R HSW1 HSW2 HSW3 HSW4 HSW5
FFAIBE 105.82 73.93 76.54 87.96 88.46
Jeb AR AN BE 53.55 32.50 34.28 64.00 60.71
UEE AR A1 BE 22.52 23.89 20.54 24.09 24.70
PR BRI BE - 16.47 16.00 16.42 15.78
TR 3.89 3.36 3.58 4.3 4.01

F 3-7 1, BLBS A B AEPE R H T A B R AR BR A7
R FHUEAE A RS AR A BR AL 715 HSWL I ZE T R %L, MR 3-7 R BUE R, 7fER2R
Feld A, HSW2 A1 HSW3 IR A2 ZE 14 R EOH AT HSW4 FT HSWS [R5 2 4E 4
RECH BTG, LGSR HSWL IR R SE M REHHEL, =T HSW2. HSW3,
B5 FARAN SRR TCIE R 258 M R4 3, RHA P EER %
L REARZE 1 S A T e I T 1A AN R FH U BB 4 H2 1A i1

¥ 3-7 4, R R EER 3-10 H . BLEERF HSW1 W B AL ik
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AR B A A NI BB AL R 7 AR Ak, BRI, TS Be TR it T
SR AL L, BINEKAE S SR B+ 0m R ER R A5, R
FE &R EOIR S N BRI ER TAE S BBtk . 1 HSWA4A AT HSWS (R 3R
T 28R 7E HSW2 A1 HSW3 5784k, WIEEAR by, atae A AH B0 R
ARG L, KIEBHARIE, BRI E R a5 7 R B Bt B .

120 1 kN/mm ——HSW1
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100 A HSW3
—=>&=HSW4
20 ~#=-HSW5
60 A
40 A
20 A _\.
A/mm
0 T T T T 1
0 10 20 30 40 50

B 3-10 3 77 35Xk W AR A o 2
3.5.6 B NEIAHFERERE ILLER
R B Fyha i A A FRPIRZS T 1 OGRS i B3 AR SR A3 9141 136 3-8, i [F134

I TH AN B AR IR R AR R A 20 /E T I FERERE 7T
£38  HAHBAMARFREBEDFER(EL: kKN/m)

W5 JF2AEA JiE AR A U9
HSw1 660 1496 24650
HSW2 672 1422 18046
HSW3 542 1347 19471
HSW4 647 1681 21164
HSW5 705 1580 22613

# 3-8 1, BY I REIR AR LE T G B ARAEER B, ot [y 28 6, 2 P Th AR A
/N, BRI B TR 2 TG R 2~3 5. ARG, AR MEIE
F R85 12 AR 2R S5 — S A B bR — 2y 28k DA K& [F)— 2 A 8 1) S IR AT B4 R R
DABGIAAHEL, i B PR 0 AR AT 2 K, FERERH RIS N . X bE AN AR e
RS FERERE ST, 358 I ER AR VI OG, BAR 5 M FEReRE /1 LL
R, BRI HSWL FIFERERE J1 i tE, UZANTR AT R B EiE
PR HSW4 FT HSWS k., Akl U BUEE 4 HSW2 F1 HSW3 T
Je B IR 0 RO TR R R, RERERE ST
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3.6 AE/NG

AE T E R AR AN TR R L BT B KT8 U R ENE R DURTERE
e, RIS REEAT Mo BUPF 1 Bt 2 T BT SAIT FURR BAS S B ah
R, X R AR B kKT ki R A U B B SR ikt AT T
CACiE s K TR BY 5 KL S AN R v £ IR B TS, o A B A SR e L 45 A
fE, AR U BESER Tk, [R5 {8 1 it T I F ) A4 £ B 1 I ] 2

Sr AR T BLEEEY ot i U R i DL SO SN A O A B IR
ER 3 RBY AT W e, W FCR AR BRI AR I G SR 2 ]
28 LKA 3 A S FERE RE 755 BORFAE , PRl AF I PURERE , 19 tH 45 B I F -

(1) Ptk AR 5 77 Sl Bs g 80 A T, $% iR i - 25 v SR AR SR
WEAT TS, WF R T K032 ISl BRI T, 2% %
P53 5 e Al o

(2) HITJavesdint Ty, Wb b RAE — N EF AN, X aheiRst
KI5 B 5 T e iR A i RSO a2 2 8] R 5% 2R SRR X iR e T
HITIRAE B I RICIE, 80T R beiR Lo B K, (RN R T AL AR S A
5 JE GG TTUA I 405 5 AL, TRE L 4l 5 AN B, ARSI J T Ak 1 S R AR BB

(3) HJmbRiREE L 5m B R 58 1 AR ECI A AR RE ST, (B RC i i 2R
2 AL — SRR 57, ARECBUE A B AR J1, T 25 pE A
NN

(4) EBPFRN JE AR AT, U FUE G SR A A A0 v 5% I T SR N A A AT
REFIIL AIRE 7T (BT AR E A9 I AR SR 4 5 B0 e TR et L 3 ) e B
PR, U BB S R B AR RIS, XM OERE T IRAE AN iR a1 RE IR
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4 FT Abaqus ANEIEZM R RECAHHERY

4.1 Abaqus FEZ 14 A BR JT 4 ATtk

LA IR u 2 F 5 IR RR N EE T HY —, SRR R AN S
Wik e AR B> . R A S AL o BB T, AR LA AN £ M 1 % b
B AEF R RIS IPIRAS, B AU [R50 S8 8 S50 T 450 B SR ERE
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Abaqus & AN KB [ 7 AR 2 MEAT PR OCAHT B0 AR SO BB S 2 T
Abaqus 5. Abaqus AT RME LA AL MRIAELGME . B2t LA A &
R R Re fy, HABUEARE M m, BSHIE. 7E Abaqus 58 B TR ALY
LA AR, EIE CAE(Computer Aided Engineering) o228 .20 i & 37 /3
B, SIS FERE S SO inp SCHFSE R B A T . 78 B TREAT, Abagus
B A T4 BT 0, ABAQUS/Standard I ABAQUS/ Explicit. L+,
ABAQUS/Standard FE % 3K fil S8 2 M AEMEAE S in) B, L HE#E . B,
T 37 0] ;. ABAQUS/ Explicit KA B nah A R oks =0, EH X% . Bin
IBHAS I AT AL . ABAQUS/ Explicit [FIR, 5 7R 20 A 5o eSe AR 42 i 4% A4 1) et &5
AR I o3 M AR = AL

A5 F Abaqus BT ARSCEE 8 BB = E AL Y A0 4 R R B e 5B 7
WK P5% U B4 B 00 25 AT BUE AL, 36T LLB0 IR 560 45 AT R 7
I T AR 5 B e ok 2 FE AN A A VR st b (R BRURG 2518 AR, RIS FE 8T 2R
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421 AIRBTANERMERTIE
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3 FH Ve FE AL R A
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T ORER AR, R I B AR R AN AE AR Y S BAE N  f , AAXfEE
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