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Experimental studies on seismic behaviour of precast concrete

beam-column joints reinforced with multi spiral stirrups

QIUYu', ZOU Xiaozhou', LUO Yunhai', LI Lijuan®, WU Nianduo®, XIONG Zhe*, XIE Long pan®
(1. Guangdong Xiangshun Construction Group Co. , Ltd, Yunfu, 527400, China;
2. School of Civil and Transportation Engineering, Guangdong University of Technology , Guangzhou, 510006, China;
3. China Construction Eighth Engineering Division Corp. , Ltd, Shanghai, 200122, China)

Abstract: Compared with ordinary composite stirrups, multi spiral stirrups not only have better restraint effect on
concrete, but also save steel, so it is proposed to use multi-spiral stirrup to strengthen precast concrete structures.
Considering the influence of joint constraint strength, joint position, construction method and stirrup form, two
sets of full-scale concrete beam-column joint specimens are designed. The failure mode, hysteretic curve, skeleton
curve, ductility and strength degradation of the joint are discussed through low cycle reciprocating load test. It is
found that the bending failure of the strong joint specimen occurs at the beam end, and the shear failure of the weak
joint specimen occurs at the joint zone. Among these joint specimens, the failure displacement of the precast
intermediate joints is smaller, the hysteretic curve is fuller, the ductility coefficient is higher, and the bearing
capacity is better. The failure displacement, ductility coefficient, strength and stiffness of the precast side joints are
better than those of cast-in-situ joints. In addition, the tested bearing capacity of the precast beam-column joints
reinforced with multi spiral stirrups are greater than their theoretical bearing capacity, implying that the innovative
precast beam-column joints can meet the requirements of the national standards and have good safety redundancy.

Key words: multi spiral stirrup; precast concrete; beam-column joint; seismic behaviour
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Tab. 2 Cubic compressive strength of concrete

WS SI-F  SE-F SE-C WIF WEF WE-C

fex/MPa 35,0 33.2 35.9 34.1 33.0 34.9
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Tab. 3 Mechanical properties of rebars

- WmEA  JRAREE  WEEMRE MERE

WA
d/mm fy/MPa  f,/MPa E/MPa

HRB335 6.5 382.7 551.9 2.04X10°
HRB400 10 436. 1 574. 6 2.04X10°
HRB400 12 454.7 602. 4 2.07X10°
HRB400 20 442. 3 576. 2 2.00X10°
HRB400 22 429.1 576.0 2.01X10°
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Tab. 4 Mechanical properties of grouted sleeve
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DR fi11% | "
17—549 -3.5 -2.1 -0.7 0.7 2.1 3.5 4.9 2.4 ﬂ Iﬁz%ﬁ
150[sTr T i 1) 98 25 T B B T L) SR 4E 1 % 0k
125F - v - i = s
100 [+ SE-C N, EERHBERSEEITE. ESHEKEN
51
, Sor TR B A A 5, A A AR R i 2
= 251 , N N .
& 0 BHEPHHRSER S, 5 S, %, itERERME
= st .
50t 9 Frw.
,75 L
-100
-125F wim b
e K A R 085P,
T 140 -100 -60  -20 20 60 100 140 ) I = M |
frF/mm Pl ‘ U
(a) SHRA : N | |
L8 % | Ry
-49 -35 -2.1 -0.7 0.7 2.1 3.5 4.9 | | | 457
175 ' . . ; ; ; — \ [
~ i ]
-8, | [
| [
| [
| | |
Il 1 1 :
4, 4. 4. g4
B9 REFEEIREE
Fig. 9 Schematic diagram of energy equivalence method
S0t g W A &P A H, KPR EL S &
175 . N . . . . )
SHA0E D100 6020 2060 100 k0 MR AHZT, g s R IR 2 Y (4, P,).
i #%/mm ’ ’
(b) Wit WeAh, RBSIREARE] 0. 85 P, B, 1 U miRI kB

Fig. 8

B8 iXHERMLk

Skeleton curve of specimens

N

N

A A R AE B TS A3 5 BR, EE R

B ou FT IR A, BRLUBIRALFS A .



@
=
%H
i

1%, G S URE A A 0 o R IR B IR AR YT B PRSI B 5T 693

x5 PEREERHE
Tab. 5 Ductility coefficient of joints

e P, 4, P, An P, A,

4%  /kN  /mm /kN /mm /kN /mm

SI-F 82.1 22.4 91.6 60.0 77.8 129.3 5.7
SE-F  39.9 24.5 45.8 86.7 38.9 104.1 4.2
SE-C  41.3 25.4 48.8 89.4 41.5 97.2 3.8
WI-F 132.9 35.0 152.6 58.8 129.7 138.5 4.0
WE-F 116.3 53.4 129.4 75.1 110.0 110.0 2.1
WE-C 110.7 44.8 126.3 82.1 107.4 94.6 2.1
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Fig. 13 Rigidity degeneration curves of joints
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Tab. 6 Comparison of experimental and theoretical values of bending moment

WA KRS MEEAER P/RN BHERIE M, o /(KN - m™ ) BHEFEME M, o /(N - m ) M, /M,
SI-F 91.6 120. 70 103. 99 1. 161
MR MA(S) SEF 45.8 126. 27 103. 99 1. 214
SE-C 48. 8 134. 54 103. 99 1. 294
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Tab.7 Comparison of experimental and theoretical value of shearing force
i 21 REgS WA P/kN BRI V) e /RN BT B Ve /BN Vi e / Ve

WI-F 152. 6 1 060. 37 918. 01 1. 155
397 KA (W) WE-F 129. 4 887. 74 809. 10 1.097
WE-C 126. 3 866. 48 741.55 1. 168

PO s A = R SR E R T W SR TR ML 4 RPN
TR THEAE, REWEAE 11. 620 ~29. 4% Z 4],
EIREN 22.3%. 557 mORAEBY IRl AR K
FHIB I HAME, REWEEATE9.70% ~16. 8% Z 4],
IR ZE N 14.0%. IO, AR K £
Jie S 77 2 T X TR g = R A Y S 2 PR RE, mT LA
WL AR E TSR, 3 H A AR A TR,

4 ING

(DFEMR ARG AT, 3 AR e o &
A IR, 55 R R AR Y R & AR B Ik R,
0 W A7 2 TG X AR YT SR A B B D IR s O
HE A AR R

(2) 547 2R A B 55 1 s I R #E R
RE S RIGE . 55797 R E R R B Ok, AW
RERILEE F7, TR DR AR 55 1 o X 2 o T 79 2R W
. R TE) T AN R T N O R ) £ R, LA
(A URE=tY o F

(3) T 2 W8 40 7 10 R B 20 O, 2B R T IR
TR L A, AR N R, 2 08 fil A 3%
Bl SR AE T A & 7 T BUE R RE Y AR T LB
AL HoR B S W £l A A 5 T A R AR A e B
e, EME R, R RO HEL K
AT R B MRS T 10.5% . 7. 0% F1 59. 9% ;

(ORI E A, 43 A% T oY a5 e b
BEARER 55 T S BT IR . i E 4R E R,
RIGE A T HISE, RETH 5N 22. 6% A
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TUAR.

& 2 3Lk References

ERN, kG, 2 E, % KRBT BRATRE+
FEp AL T2 & B B R 5T [T ], P 2 @ R B
KREZMR(BABFEM) , 2021, 53(1): 33-39.

WANG Jiangang,ZHANG Qing, LI Zhijun, et al. Re-

search and application of semi assembly technology of

(1]

reinforced concrete column in large industrial plant
[J1. J. Xi"an Univ. of Arch. & Tech. (Natural Sci-
ence Edition), 2021,53(1): 33-39.

SR P . e B TR B A HE ALV R AR R RE W T
BERE[T]. dEFULEM SR, 2018, 39(2): 1-16.

WU Gang,FENG Decheng. Research progress on the

(2]

basic performance of precast concrete frame joints[]].
Journal of Building Structures, 2018,39(2): 1-16.
SRl HMEN, ok XU, 4. el TR BE 4 45 I E
PRIV (T]. PR RS54 (B AR B
filx), 2022, 50(1): 5-12.

SHI Jichuang, TIAN Penggang,ZHANG Fengliang, et

[3]

al. Development status of wet connection of precast
concrete structure[J]. J. Xi'an Univ. of Arch. &
Tech. (Natural Science Edition), 2022, 50(1): 5-12.

MAYA L F,ZANUY C,ALBAJAR L, et al. Experi-
mental assessment of connections for precast concrete
frames using ultra high performance fibre reinforced
concrete [ J ]. Construction and Building Materials,
2013, 48 173-186.

B E IREAR, 22N, L PR BE A R
FAESZ JyPERE AT [T ]. W1 RE R %4 (3 KRB 2%
fi), 2017, 44(7): 97-103.

GAO Xiangling, XU Longbiao, LI Jie, et al. Tests of
precast concrete beam-column joints and analysis on-

mechanical behav iour of prefabricated RC frame struc-



696 o o# OB Bk REARER 5 55 %%
tures[J]. Journal of Hu-nan University (Natural Sci- [13] i A\RILFEFEE W ELBEELSR, P AR
ences Edition), 2017, 44(7): 97-103. FUE bR (0 B 2 LS. &R R = B 5

(6] FRUT, R, K. R EAEN T & &) GB/T 228—2010[S]. dbxt: s E#FH AL, 2010.
PEIREE - E 28 p W S PUEERE T (] ], BB, General administration of quality supervision, inspec-
2017, 33(7): 71-77. tion and quarantine of the people’s republic of China.
RONG Xian, WU Hai-chao,ZHANG Jian-xin. Experi- Standardization Administration of the People's Repub-
mental research on seismic performance of the joints lic of China. Metallic materials-tensile testing at ambi-
with high strength and high toughness reinforced con- ent temperature; GB/T 228—2010[S]. Beijing: China
crete[J]. Building Science, 2017,33(7): 71-77. Architecture & Building Press, 2010.

(7] BhE, SRIEXS, FFAL, 5. o VR 73 Al N =X o) S 1 1R [14] e NRILFNIEIR S o8, AR 7 2 fa7 7 3% 3 45 B
BE LA AE T PR IR T[], R RS BOARMAE JGI355—2015[ ST, dbut: v = # 47 Tolk i
(H%F#M), 2018, 48(6): 979-986. fi Al , 2015.

YANG Hui,GUO Zhengxin, YIN Hang, et al. Exper- Ministry of housing and urban-rural development of
imental study on seismic behavior of precast concrete- the people’s republic of China. Technical specification
beam-to-column con nections with high-strength for grout sleeve splicing of rebars:JGJ355—2015[ S].
hooked beam bottom bars[J]. Journal of Southeast U- Beijing: China Architecture &. Building Press, 2015.

niversity ( Natural Science Edition), 2018, 48 (6): [15] Hpie A\RIEFIEFREWELSEREE SR, P EE X
979-986. HALE R E 2. SBMBEL IR GB/T228. 1—

[8] XM, EHEM, @ F. FEREAT R o 7 B 7 2 IR 2010[S]. dbmt . E @i Tol i pidt:, 2010,

Bt AEZE AT S EEEIF T[], TS, 2020, 50(1): General administration of quality supervision, inspec-
12-15. tion and quarantine of the people’s republic of China.
LIU Ye, WANG Chunlin, MENG Shaoping. Research Standardization Administration of the People’s Repub-
on the performance of prestressed prefabricated con- lic of China. Metallic materials—Tensile testing: GB/
crete frame connection strengthened by energy dissi- T228. 1—2010 [ S]. Beijing: China Architecture &.
paters[ J ]. Industrial Construction, 2020, 50 (1): Building Press, 2010.

12-15. [16] whfe AR ILFNE IR & a2 538, 80 7 HL A % 2 B R L

[9] XIONG Z,ZHENG J H,CHEN Z P, et al. Seismic F:JG] 107—2016 [S]. dbai. o [ # 5 Tk B AR
behavior and design method of seawater sea-sand con- %, 2016.
crete reinforced with GFRP and five interlocking spi- Ministry of housing and urban-rural development of
rals[J]. Engineering Structures, 2023, 291, 1-13. the people’s republic of China. Technical specification

[10] FANGS, LILJ, LUO Z P, et al. Novel FRP inter- for mechanical splicing of steel reinforcing bars: JGJ
locking multi-spiral reinforced-seawater sea-sand con- 107—2016[S]. Beijing: China Architecture & Build-
crete square columns with longitudinal hybrid FRP- ing Press, 2016.
steel bars; Monotonic and cyclic axial compressive be- [17] skE&&|, Ruite, Eiag, 5. i B A & RS 4
haviours [ J ]. Composite Structures, 2023, 305: PrEMEEM R []]. WEEFARE KR¥EFM (B KR
101-102. BR), 2022, 54(1): 1-10.

[11] FANG S,LI L J,LING L H, et al. FRP interlocking ZHANG Fengjian, ZHU Lihua, WANG Haonan, et
multi-spiral reinforced square concrete columns; A al. Experimental study on seismic behavior of en-
promising compression application for marine engi- hanced recycled aggregate concrete columns[]J]. J.
neering[J]. Engineering Structures, 2021, 244 . 1-23. Xi'an Univ. of Arch. & Tech. (Natural Science Edi-

[12] e N RIGAEE £ 5 Al 2 3 B0, b 42 N RGN tion), 2022, 54(1): 1-10.

Bt B R B A R S TR BE O 2 R I (18] by, sk, RER T, 4. TR BE 1 23 .0 87 ) 54 R

bR : GB/T50081-2002 [ S]. Jb 3T v [ # 3T Hh Wit
#t, 2003.

Ministry of housing and urban-rural development of
the people's republic of China. General administration
of quality supervision, inspection and quarantine of the
people’s republic of China. Standard for test method of
concrete; GB/

ordinary

China Architecture &

mechanical properties on

T50081-2002 [ S ].
Building Press, 2003.

Beijing;

FERMB I [T]. W@ AR RS (B AR
BZ), 2007, 39(5): 606-609.

XU Shufang, ZHANG Tao, SUO Yuening,
Study of stiffness degeneration on RC hollow shear
wall[J]. J. Xi’an Univ. of Arch. & Tech. (Natural
Science Edition), 2007, 39(5): 606-609.

et al.

(% # A RD



