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RC-1 145.60 3.08 375 11995 4.4 293 106.34 6.6 2.96 92.13 6.6 2.75
RC-2 237.33 1.6 3.16 180.23 1.6 2.80 154.10 24 2.36 135.16 24 2.10
RC-3 185.97 2.2 3.54 15493 3.08 3.11 138.62 4.4 2.79 116.75 6.6 2.53
RC-4 116.39 5.6 4.22 94.05 5.6 3.96 83.20 8 3.89 68.70 12 3.60
RC-5 150.44 3.08 3.21 127.48 4.4 248 11442 4.4 2.45 99.70 6.6 2.36
RC-6 155.29 3.08 3.16 132.19 4.4 246 12498 6.6 222  104.26 6.6 1.93
RC-7 128.03  3.08 3.31 105.44 4.4 2.98 95.57 4.4 3.10 87.11 6.6 3.01
RC-8 105.54 3.08 3.05 85.02 3.08 2.96 79.63 4.4 2.44 75.26 4.4 2.09
RC-9 140.97 3.08 364 115.58 4.4 2,76  102.91 6.6 2.59 88.33 6.6 2.45
RC-10 150.51 3.08 3.77 12431 4.4 332  109.97 6.6 3.11 96.23 6.6 2.88
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{EATER po VEEATESNRS 4, SHEYEREL 1. DL
YRS A 2.5 B0 R B, SRR RENE R 1 552
KBRS R A 16 Frs.

4.0 -
L e PRI
—— PR
3.5F
,ﬁ\ 3.0
<]
2.5
2.0 1 1 Il 1 Il J
0 40 80 120

%% KB a)/mm
16 BIESLEA 2.5 B E R
A& 16 B4
()32 K G Fr i B RE T R BT P4 HAa ST,
Z KEHE A 60 min BEHNE 90 min J&, FMHTREE L
SREEAR, MBI EREAS K, 1A
I NFHARSZ TE L M3, 1 PE REME I .
2K 120 min J&, RAEEURAYTREE TR AR, K
PR T HatEmR, REPE RECH— PR
Q)R T, FHA g SEEE AR T R
FHIE. 22k 60, 90. 120 min J5, BRBERIIETE
ZREANTIET 21.7% . 20.9% . 26.7%, kiR
BSEE RE BT T 28.4% . 25.7% . 33.5%, %
HH KO JE PR RE P R R A s
2.5 FHEeseH
AL RE 1 bR TSP IR R POk
FRAOFERIRE REL e 558N R I h e, LIBTEE
Ay 2.5 Rk, S55R DL 5.
x5 RFIEETTEET MR R

ZokiHE)/min - RS e hy

0 A-RC-1 1.075  0.172
A-GSRC-1 1.150  0.183

60 B-RC-1 1.025  0.163
B-GSRC-1 1113 0.177

90 C-RCF-1 1.001  0.159
C-GSRC-1 1.083  0.174

120 D-RC-1 0.630  0.101
D-GSRC-1 ~ 0.726  0.116

HiZ 5 AI%:

(1)52 JC IS 1) 3 B FEHILRE 2R B AR
B S2 KGR, FEREE R R BLRRARA S

QYFIRT, FHR R RRE RO TR
Rk 2k 60, 90, 120 min J&, BUBERIFIA T
B far 2 o) 0o I B FERARE REPEAIR 4.89% . 7.51% .
41.39%, TR N B FERTRE REPEAR 3.61%
6.49% . 38.21%, FBH XK JGTEFERERE 17 1HI, Tl
A S AR R LB SR L.

2.6 RIE
KRR BE AT P BN KR,
B T K ER R
_|p|+|-n]
lallal W
Ao KRR | RIEFRH IR, p. —p
FORE I RIE . I NZRAEET 2, 4, -4, FoR
Y 1 S 1)1 %= N = R VAR 2 A S =g Y
RGBSR I Hh Z6anle] 17 FoR.
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—&— D-GSRC-1
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20+
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17 WIEIR L
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(kK G, AR R 7K PALES A 14 A HH
WARAE, BT IREE R S B B IR AR,
TR R AR IR A I8ZZ, 5 B TR R N B
TrEZS. HompE. #ERmERE. EHAE, S22k
Je A BRI EE T BRI s K.

(2)%k 60, 90, 120 min J5, BLEEiiawI44
MIEE S FRE T 45.65% . 61.46% . 73.26%, Ttk
AR RILE W EE 43 5 TFE T 48.57% . 65.82% .
76.62%, %BH K9 5 Fitit A ) 4G W EE IR AL B
P, (HIRIb GRS BB ARPL.
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3 NREFTHRGERFNITE

KT AT IR A T A B AR R T VA
ARHE S, {H B RitH R i WARE . ANSE
b KR S AT SR R TR TR e P UE R A
FRIToHT, BB G R AR RIEREK,
HHETESLY . AR | TREE LR R TR
BR. KW, @ADL E 3 SIS KEE T
TR ZN K TG e SR A T e - B AR 2y
BEATIHE. R T AR DTSRI T pe, WTAR S
AR B e AT T

c Mu

P = uh 2)

M, =a fbyx(hy —x/2)+ fA(hy—a'),  (3)
Aob: MOABHE; v hBER BB R, B
0.35; H MHEFEEE, h ARIEEE; o R5sEHT
REG fOIREE R AR, bo AR TERE; x b
TRBE TS EDCETBE; ho A BB BE;  f, P BF
oR AR, A hZE RS R o kiR
B 2R,

X Kp AAREITRICARE, xS K, =
ph /s, o pl Sk kR JE TR DTS AR

Pn=Kyxp;,. )

R 4 R RIS T
Br, RHAELMERIG TR RIRIL R EL Ky At

K, =(a+b+c)xe™ +0.5, (5)

t

ly = E > (6)
ot e ARz K a);, 28 a i SO RTIREE T
SRFERIPREL ZE b SCART RS R, &

B e 7 SCART R FUR) R ARFEASDIZS SR,

Z KBFTal R R B Ko B, BrLLaZ kit

) AR I H 3 AN SR 552 Kl

B, BIRAHEERA TS, o, b, c BITESH
a=-1.16f, +3.12f,, —1.09,

b=0.251" -1.70A* +3.70A - 2.91, (7)
c=-1.93n +0.92n—0.13,
S
:—C N 8
Jag 20.1 MPa ®)

A 1, AiRBE SR EEAREE 2 A BYRELL; n Ak
Hetb.

18 J K I G B RIS e R RE LA AR SR
Tt EAH p, SHRIT/H R B EIEERIE T p,
FRECH 2R, AT, p /o py, B EIRIE
3.44%, AR R0 0.987. FHIARZSiHELAR
AJSE R, AT TR R R R R R
FERIRBTIEAL.
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4 i

ARSCE IS AR ITAME Abaqus X KK e BT TR
Be AL R T BRI E A2 A T
TYUEREISHT, T TR . FELAUA
FEA 37 K I S B A 2 T TR R A T A AR,
JEFFSHLT, H5sT:

() E TR AR B E AR T R A 4
LIRS IR RN E S SIS E R ) & A,
FEUHZR ST B B T R SR A TR BT A 0 2 (B A
0] T o br = rERE.

Q) KRG, AR el i 2 BBl & B T AR
WD, AFRFERERE IRRIR. ik 55
PEFERIRE REFEARA R FAAH ]

Q) T, B e S5 PG AR L,
O THGEHITHRE. KK )a, AR T
LREAR. 32k 60, 90, 120min J&, FHRAARZ
FIVEA 26.2%~34.4% .31.8%~43.2% .39.9%~50.3%;
IGRFR BB IR TR 14.9%~24.1% .
19.5%~35.1% 28.7%~43.1%. T Ea&E
PR TR

AT, Pra R0 AR BT IRHE R
BR, HKUE, WFRIARI IR, Foiki ek
THEDR, BT E AN

(5) KR SRR RE M RECT RS, 52k 60, 90,
120min &, T A B9 2E P R BOREAR 4.2%~
28.4%. 13.9%~35.8%. 25.4%~33.5%; BlsEiAFE
Pk R B TR I 6.2%~24.2% . 6.5%~29.8% .
9.3%~38.8%.

(6)Fifi 32 K TR Y RE K, PRSI0 B 52
SRR IS, T B s M R
ML, HAEERRBIER N .

(TR T KK JGE R R AR K
HNAK, AT EEESHRIT/H LR &
e, I H A AE KU G B TR B EAER AR
R WA SN SHNE.

BE3CHEk:

[1] Bruce R. New precastprestressed system saves money in
Hawaii hotel[J]. PCI Journal, 1973, 18(3):10-13.

[2] Xin G T, Xu W B, Wang J, et al. Seismic performance of

fabricated concrete piers with grouted sleeve joints and

bearing-capacity estimation method[J]. Structures, 2021,
33:169-186.

[3] Xu L, PanJ L, Cai J M. Seismic performance of precast
RC and RC/ECC composite columns with grouted sleeve
connections[J].Engineering Structures, 2019, 188:104-
110.

[4] =P, D, el S ERETERGEEYHE I T
FEEE LA U ERE IR I 7T (7], -EHISEH, 2015,
45(15):81-86.

(5] SRk, Dk, BRIEME. WSS MiTREE LA UE RS
HIRIREIEA )], HAR TSR, 1999, 32(2):53-58.

[6] TREEF, HiEC, R, %SGR ATTREE LD
RPEREIRIE T[], AR, 2013, 34(8):12-19.

(71 Eeik. A5z ko2 M REE AR R ik
IWEIE[D]. SR AFFREE, 2017.

(8] ZHt. flinl £y EE LR K TG PR TERER IR
F[D]. SRIM: R, 2013

9] ZERAE. KUK RS i G R TR EE L 45 e M.
AexE: RS R, 2019.

[10] GB 50010-2010. jkEE-Z5H I ITRITE[S].

(1] 23, S IREE Lasm ) #PEREIM]. st Rl
thifiit:, 2003.

[12] Tk>%, &R, REEL2h etk ies —it 857k
[J]. 4B REE=ERORTBIEAR), 2004, 21(3):29-34.

[13] s, TR, REE L2 ERes —it 55k
[J]. BRFLEHIZEAR, 2003, 24(4):41-46.

[14] JG/T 398-2012. /42 FERER[S].

[15] EXRit. 2R E e M S iR S PERE IR
5X[D]. VEBH: PPHEESIA, 2018.

[16] JFEE, B, ZEm M. SRRt 2548 R A e A5
A7), WBURFFR(THAR), 2018, 51(7):613-619.

[17] S5, EiRE ARG - R ERE g7 [D]. &
MRS, 2009.

[18] AAAT, BN, SITEIl. SR T) TIREE L 58
I SRR ], DUNIEFURIERRTE, 1990, 16(1):37-43.

[19] KK, KKJGW—IREE LA HELR—FE Rm )
ZAPEREMIUD]. Jbnt: R, 2010.

[20] &7, B/NE. SIRE N E RS E R U I RERE
T FIBHE R =R (TR ARRR), 2021, 34(1):9-
14; 80.

[21] A3, IMERK, ML AWERAT SEE LRRER R R
ZEPEREIRER]. MAZREE IR F274H, 2018, 50(12):98-
106.

[22] i, Hdadt, £E, % SRE AR AT
TREE - AR ZE R RE )], TR 5 IR TR SR (b 0
30), 2021, 43(5):94-100.

[23] Rosa I C, Firmo J P, Correia J R, et al. Influence of



a4 WREERL, % KO A& T AR B L D TR PRI 57

elevated temperatures on the bond behaviour of ribbed precast columns with large-spacing and high-strength
GFRP bars in concrete[J]. Cement and Concrete Composites, longitudinal rebars spliced by epoxy mortar-filled
2021, 122:104119. threaded couplers[J]. Engineering Structures, 2018, 176:
[24] GB/T 51231-2016. 4t aCiREE - FTRARPRIES]. 349-360.
[25] GB 50011-2010. HFHIEBGHNTE[S]. [28] Liu HT, Chen J N, Xu C S, et al. Seismic performance of
[26] JGI/T 101-2015. ZFHIEIRIINFES]. precast column connected with grouted sleeve connectors
[27] Han W L, Zhao Z Z, Qian J R, et al. Seismic behavior of [J]. Journal of Building Engineering, 2020, 31:101410.

Study on seismic performance of concrete columns connected with
reinforced sleeve grouting after fire

CHEN Jiawei', LI Junhua'", ZHANG Zhenwen', ZHENG Jiahao', WANG Shousong®
( 1.School of Civil and Environmental Engineering, Ningbo University, Ningbo 315211, China;
2.School of Civil Engineering, Quanzhou Institute of Information Engineering, Quanzhou 362000, China )

Abstract: At present, the sleeve grouting connection is widely used in prefabricated structures. In order to study
the seismic performance of reinforced concrete columns connected by grouted sleeve after fire, this paper
conducted simulation analysis with finite element software Abaqus and Python program, and the results were
further verified by experiment. The hysteretic characteristics and skeleton curves of concrete columns were
analyzed. In addition, the effects of shear-span ratio, axial compression ratio and heating time on the seismic
performance indexes such as energy dissipation capacity, ductility coefficient and bearing capacity of the
reinforced concrete column connected by grouted sleeves after fire were studied. The results show that the longer
the heating time is, the more obvious the pinching effect of the specimen’s hysteretic curve is, and the more
significant the peak load decreases. After 60, 90 and 120 min, the peak load was reduced by 26.2%—-34.4%,
31.8%-43.2% and 39.9%-50.3% respectively. Fire damage may affect the ductility of prefabricated specimens,
and the ductility coefficient of prefabricated specimens are decreased by 4.2%-28.4%, 13.9%-35.8% and
25.4%-33.5% respectively after being exposed to fire for 60, 90 and 120 minutes. After the fire, the energy
dissipation coefficient of the precast column decreases, and the decreasing trend is similar to that of the
cast-in-place specimen. The initial stiffness decreases obviously with the increasing of the fire time. Through
parameter analysis, the bearing capacity formula of precast columns connected by grouted sleeve after fire is
established, which provides a reference basis for the evaluation of the bearing capacity of similar members after
fire.

Key words: assembled concrete structure; reinforced sleeve grouting connection; fire; seismic performance
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