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Experimental Study and Finite Element Analysis
on Joints of Fabricated Concrete Columns

CHENG Donghui ,GAO Peigang ,REN Manni

(School of Civil Engineering , Northeast Forestry University , Harbin, China, 150040 )

Abstract;In order to study the mechanical properties of prefabricated concrete reinforced sleeve
grouting connection columns under axial pressure, axial compression test was carried out on 2
prefabricated concrete columns( 1 test column in the form of sleeve grouting connection node ,and
1 test column in the form of sleeve grouting + connection node of the tension steel plate) ,test data
such as the ultimate compressive bearing capacity of each specimen and the stress change of
materials are obtained through static load test. On the basis of experiments, the joints of
prefabricated concrete columns are improved, the ultimate bearing capacity of the improved 17
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prefabricated concrete columns was analyzed by ABAQUS finite element software. The finite element
results show ; With the increase of the diameter of the reinforcement,the ultimate bearing capacity of the
simulated columns of the two connection nodes increases and the increase is similar; With the increase
of the concrete strength grade, the increase in the bearing capacity of the simulated column of the
tensioned steel plate connection node is smaller than that of the sleeve grouting connection node;
Increasing the pre-tightening force of the bolt can increase the restraint of the steel plate on the internal
concrete ,and significantly improve the ultimate bearing capacity of the tensile steel plate simulation
column ; The prefabricated concrete columns with two types of connection nodes have good mechanical
properties and can meet the requirements of bearing capacity.

Key words : precast concrete column ;double pretension steels ;bearing capacity ; finite element
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Table 1 Mechanical properties of steel

WEREREERBER

B HR (R JRMRIRE,  HRBRERE/
25 ) /mm MPa MPa
HRB400 20 412 593
HPB300 8 405. 45 542.16
Q345 Witk 6 387.28 532.51
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Table 2 Material performance
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MPa 10* MPa MPa MPa

41.7 3.2 29.5/46.8  5.7/6.3
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Table 3  Characteristic value of specimen bearing capacity
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Fig.7 Load-axial displacement curve of test column and simulated column
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R, YRR U5 5 R S R g A AU £ il
I J32 32 T 484 DR, 7P 2 3 RSB A A A3 FRE
TRE ) PATSAR vy  TA 7 A AR 32 4 1 A e
FOURE RO BIR 7R 18 W 2 o I 21
BRADRE /DN, 32 2R R A it 5 TR 5 4 5i J3E 55 2
OB N 227 e W A R D Y i AN DO E A
IFBCRIRS o A [RRBE 15 AR UT
XA AR A Y BT U R E KGR R
SAE R R 2130 5. 8% ~10.3%

3500
3000 - N
AU
I N
i SN
2500 - [ Ny BN
,',// S TN
N \\‘.‘\.
E 2000 + ‘.’.I/ NN
i 330N,
=150 7 S
;”,
7
1000 | 4 —B1
p ----A3
g - B2
500 | Ln
0 2 4 6 8
B L8/ mm
()X hr AR T AR A

BORIA: R RS BMEUE AR A
WS W ORESYH JI/kN ESY B
Al 216 C40 225 Q345 XTHIAIM
A2 2418 C40 225 Q345 R
A3 2820  C40 225 Q345 MR
A4 2422 C40 225 Q345 XN
Bl 2§20  C30 225 Q345  XIRARAR
B2 220 C50 225 Q345 PRI
B3 2¢20 C60 225 Q345 XN
Cl  2¢20  C40 95 Q345 XN
2 2¢20 C40 160 Q345 XhifR
C3  2¢420 €40 290 Q345  XFIAAR
El 2¢16  C40 — — EfER
E2 2018  C40 — —  EfEk
E3  2¢%20 40 — — EfEuERK
E4 2¢22 €40 — — EfWER
FI  2¢20  C30 — — EEER
2 28420  C50 — — EfER
F3  2¢20  C60 — — EfWR
4.3 BRRIEEERIW

P 9 Sy PR 41T AU R A R TR
TR P - M A gk, AT

) A2 /mm
(O ERBER R NERA

TRIE 1 ANTR] 95 B A T iy 4 — Tl o) (37 7% 1 26

Fig.9 Load-axial displacement curves under different

E9

concrete strength grades

4.4 HPENEHERK/NFM

N T WRFE I BRIl 2 TR TR BE
TAEARE ST AR, AE A A B — R I, X HE
OIRT T A A T PR R A AE A
[F) AT B T Al 2A2 2k, Ak 10 froR,
H PR AT BETRC AT 3 A3, PR 4123 AL
FOURE A PR R 288 77 38 DR EL IS 8 AHAB) 5 49777 A%



608 WHERKESMARBFR)

9537 %

R/INAHTRS AR T2 f6T E IR 42
A X AR I 2 R DU A RO T
PIHRTG 7% | 3% 32 IR R AN AR RS 4 48 Ak 1 3R

3000
2500 | ST
7N
2000 | ;
E Y s i
g 150 NI
i
1000
— Al
---- A2
00 ¢ St A3
-=- A4
0 2 4 6 8
1 A7 % /mm
(xR A

Bk LR — & B LA, A R e X
TREBE RN BRAR 2T

B AL/ mm
(b)E AR A

B 10 A[FIECHGS frak - e A2 2k

Fig. 10 Load-axial displacement curve under different reinforcement ratios

4.5 HERWMEN
B 11 KRR 78 AN [R] R A 7505 T 1)
far 28 - Wi AE ML

2500 R4
o
20| f
v
/ .
> 1500 b fi NP
o i'
g i
1000 - /f
'/ —c1
| ----C2
500 a3
---C3
0 2 4 6 8

B0 %/ mm
11 [l 5 55 T Ahr 48— Jal e (52 7% il £
Fig. 11 Load-axial displacement curve under
different bolt preload
F P AT, 303 0 3 530 04 160 KN, 225
kN L4k 290 kN B, 5135 /10 95 kN B A
Fe, AR TR UL A R O o i iR T
3.4% 6.5% F1 8. 8% , AT WASLALIAL (4 FR 7K
BN Z B TE I BOR . e Tl
TEAZf it R vy | B Ao 280 B3 0, TR 5 1 AL
BEEIZ U J& AF A AR i K, LIRS
PP A BE A% T TR B - 7™ A= B A 1) A2 2 R 2]

—ERREE L HAE R, H 2 AR e B e
U T B8 R R R T KR [ R
W, R R Bk 3.4% . 3.1% F
2. 3% , 31X 2 PR A fh i 22 () ) ) o 7 2 e R
14 BEHE 1 A6 T ) 388 3] — e P o) AR

AR,
5 %5 i

(1) A BROTAT I REAE far 2 il 1) (5 8%
R RPN LA SR IR IE S S
REH—%, ABAQUS A FRICHE RIS 2] T 5
IIE, REAE Ry S PR TR AR SR R

(2) XFRLEAR X T A ALV B 1A LR A
FH T DL i 4 sl i A BR AR 2k R ) 5
T AR B A AR A 0 i
AR BR AR A T #4315 K H A R AR

(3) BETR B+ 5 B2 S5 90 14 i, 7 i i
T ASRAOUAT: A A0 IR A 28 1 A AR o, R
AR T RUBLARUAE (9 7 2 1 i L 2 R
AT BRI/

(4) W2 15 ) B O, BB ful A B T )
AR TR SBE A 24 SR R 0 AR o ke
POABAS DR A BR AR 28 T



4 4

PRS2 TR BB b R 419 ) 27 MEREI ST S AT BROT 0B 609

&% 3k

(1]

SR N 2 BC TR BE L HE SRS s B A
REBIF 7% HF e [J]. A 3 45 1 % 4, 2018, 39
(2):1-16.

(WU Gang,FENG Decheng. Research progress
on fundamental performance of precast concrete
frame beam-to-column connections [J].
Journal of building structures, 2018,39 (2) .
1-16.)

ARG SIS, 1 4. B AR G A e IR B
b 5 T 5 M RE 1K B 7 S A BR T o A

[J]. EART R ,2018,51(3) :36 —43.
(ZHU Zhangfeng, GUO Zhengxing, TANG Lei.
Experimental study and FEA on seismic
performance of new hybrid precast concrete
shear walls [J]. China civil engineering
journal ,2018,51(3) :36 —43. )

WU, B, e Bt e il =R B 1 2540
ARSI BT R B R a3 (1] )
JHEEST,2017,45(3) 122 - 26.

(ZHU Wen, HUANG Shiming, GAO Zixian.
Research status and development trend of the
rebar sleeve grouting materials for prefabricated
concrete structure [J]. Guangzhou
architecture ,2017,45(3) :22 -26. )

BITEAR , AKX, 25 2 Pl AT 300 5 a5
PRtk e il BT [ 1], HL5H, 2016, 45

(10) :87 -90.

(LIU Xudong, WANG Donghui, LIU Shuai,
et al. Experimental study on seismic behavior
of prefabricated edged beam-column joint [ J].
Building structure,2016,45(10) :87 —90. )
BRI SN Fse S N RE S A (-3
BUIR 5 8% [T]. 2K TR 51 iz, 2016, 49
(5):1-8.

(WANG Jun,ZHAO Jida,HU Zongyu. Review
and thinking on development of building
industrialization in China [J]. China civil
engineering journal,2016,49(5):1 -8.)
BRI BRI V5. B I R B 1Y
BRLIR 5 e P AR B - 57 ) SR E RE ISR
[T, WeE R ~A 4 ( HARBEERR) , 2015, 2
(11):41 -48.

(ZHU Zhangfeng, GUO Zhengxing, TANG
Lei,et al. Seismic performance experiments on
new hybrid precast concrete shear wall under
different prestress forces [J]. Journal of Hu’
nan university ( natural science edition) ,2015,2
(11):41 -48.)

. AT e C SR BE L 45 4 Y RS
[D]. PEBH: ARdL R, 2014,

( WEI Hui. Study on precast concrete structure
joint[ D]. Shenyang :Northeastern University ,2014. )
INEDE, 2R, b 0. 4 it TR BE + AE AR 5
FTE — Mg - AR SR RE SRR ST 1], A
&1 ,2018 ,48(7) :23 - 26.

[10]

[11]

[12]

[13]

[14]

[15]

( SUN Yanbo, LI Chenguang, YANG Xu.
Experimental study on seismic behavior of
beam-slab-column joints of prefabricated
concrete frame structure [J]. Building
structure ,2018 ,48(7) :23 -26. )
Tl SRIEDS, S5k, AR i =R 5 - AE
BRRHE SHURTERE V], TR SHA,
2018,50(3) :209 -215.
(YU lJianbing, GUO Zhengxing, GUO Xuan.
Seismic behavior of a new type prefabricated
concrete frame beam-column connections [ J].
Engineering science and technology, 2018, 50
(3):209 -215.)
AR E EIRSE, Ak . A T TR BE L HE SR
AP R PURERE I AT T [ V], IR BE L,
2018(1) :128 - 132.
( XIE Zhiyong, YAN Qiushi, LIU Hongtao.
Seismic experimental study on a precast
concrete frame internal joint with grout sleeves
[J]. Concrete,2018(1) ;128 —132.)
FRAHE , AR, PV . BN 9 R T
FIRBEL AR FE (1], L P TR
el (AR BHAERR) L 2020,36 (5) 1788 -
797.
( CHENG Donghui, WANG Yansong, SUN
Changhai. Study on mechanical properties of
fabricated concrete beams with steel section
joints [J]. Journal of Shenyang jianzhu
university ( natural science ), 2020, 36 (5):
788 -797.)
AMELI M J, BROWN D N, PARKS J E,
et al. Seismic column-to-footing connections
using grouted splice sleeves [ J]. ACI structural
journal ,2016,113(5) :1021 - 1030.

ALIAS A,ZUBIR M A,SHAHID K A, et al.
Structural performance of grouted sleeve
connectors with and without transverse
reinforcement for precast concrete structure
[J]. Procedia engineering, 2013, 53 116 —
123.
2B AR, B S T B 500 MPa A&
TRTHE SR e B T R TR B LAY U e P RE UG T 5
[7]. A5 H~#4] ,2016,37(5) 1255 - 263.
(LI Rui, ZHENG Yimin, ZHAO Yong, et al.
Experimental study on seismic performance of
precast concrete columns connected with 500
MPa reinforced sleeve grouting [ J]. Journal of
building structures,2016,37(5) ;255 - 263. )
R, SRR kR, AR ] A S R
R U BY S pU R Rl [ 7],
5K 2011 ,41(2) ;1 -6.

( QIAN Jiaru, PENG Yuanyuan, ZHANG
Jingming, et al. Tests on seismic behavior of
pre-cast shear walls with vertical
reinforcements spliced by grout sleeves [J].
Building structure,2011,41(2):1 -6.)

(DTS XL SESCHAL  TEs)



