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Study on the Seismic Performance of UHPC-NC Composite Columns

CHEN Bin, LUO Yu, QING Hu
( College of Civil Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: In view of an improvement of the seismic performance of structural short columns, a new structural
form of ultra-high performance concrete (UHPC) - ordinary concrete (NC) composite columns has thus been proposed,
with a pseudo-static test analysis to be carried out by using ABAQUS finite element software, followed by a study on
the hysteretic performance, ductility, energy dissipation capacity and stiffness degradation of UHPC-NC composite
columns under a low cyclic reciprocating variable displacement load with an axial compression ratio of 0.2, as well
as a comparison with that of ordinary concrete columns. The results show that the ductility and energy dissipation
performance of UHPC-NC composite columns are greatly improved compared with that of ordinary concrete columns.
The ductility coefficient of ZH-4 model of UHPC-NC composite columns reaches 4.0, which is about 54% higher than
the maximum ductility coefficient of 2.6 of ordinary concrete columns; in terms of stiffness degradation, UHPC-NC
composite columns are characterized with a slower rate of stiffness degradation than ordinary concrete columns when
loaded in the middle and late period, with ZH-4 model exhibiting the best performance of stiffness degradation.
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degradation; ductility
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Fig. 1 Structure diagram of RC short columns and

UHPC-NC composite columns
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Table 1 Parameter information table of each model

S UHPC $t NC Hift A Hhra i éiliailﬁ UHPC R
st JEEREE /BRI KeE/ T (axa)

MPa MPa % % mm mm X mm
ZT-1 40 0.897 1908 0
ZH-1 139.46 40 1.161  2.010 200 180 x 180
ZH-2 139.46 40 1.071  2.010 200 170 x 170
ZH-3 13946 40 0.982 2.010 200 160 x 160
ZH-4 139.46 40 0.893  2.010 200 150 x 150
ZH-5 139.46 40 0.804 2.010 200 140 x 140
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2 HAEHITERE

KA BRc# A ABAQUS, X} UHPC-NC 44
ok 235 ) RT3 0 7 TR 45 b AR R R A 7 B A 1
B, R T RHUSEPRGER  F kAT, RIS N T
25 SR, HANE B A4+ UHPC 58 iR %+
Z [, LA UHPC., i@ iRE + 58 R %
459 %%, UHPC-NC A HAEA T & T 200 mm 1Y
UHPC 45 miad 8 X5 SRR I R I [l 45 . RC
JiME Y UHPC-NC 4 & HEBAINIA 2 PR .

o
M

b) UHPC-NC 44 #:

a) RC #AE
B2 RC % EH5 UHPC-NC HEHEEE
Fig. 2 Schematic diagram of RC short columns and

UHPC-NC composite column model
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Fig. 5 Stress-strain relationship of reinforcing bars
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Table 2 Displacement ductility coefficients of each model

i e A, /mm A, /mm u,
ZT-1 42 11.0 26
ZH-1 44 13.0 3.0
ZH-2 42 13.0 3.1
ZH-3 4.1 13.0 32
ZH-4 4.0 16.0 4.0
ZH-5 4.0 15.0 3.8
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Fig. 10 Schematic diagram of equivalent viscous

damping coefficient calculation
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Table 3  Viscous damping coefficients of each model

T VAL i 28 o5 MR T 2
W5 PAN  Amm #EEERL/ (KN-mm) he  MXASIEAE(A/H) PN A/mm AR/ (KNmm) A, AHXASIEAE (4/H)
ZT-1 201.17 598 11928 0.158 0.004 3 168.19 10.98 2263.8 0.195 0.007 8
ZH-1 —428.23 -9.85 3780.0 0.143 0.007 0 363.89 12.98 7826.5 0.272 0.009 0
ZH-2 -398.21 -9.99 3722.8 0.149 0.007 1 339.91 12.95 8 002.0 0.290 0.009 3
ZH-3 -357.25 -9.99 3576.3 0.164 0.007 1 297.26 12.94 7161.6 0.309 0.009 2
ZH-4 35641 11.98 5325.5 0.200 0.008 5 295.32 15.98 10 139.5 0.342 0.0114
ZH-5 -323.33 -10.99 3997.3 0.179 0.007 8 274.15 14.95 8129.2 0.316 0.010 7
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Fig. 11 Variation trend of average stiffness of each model

TP 11 AT

1) fn#wri, UHPC-NC 2044 i W 32 8 1k ik
RGNS, UL IR B R b F 5 AT
B, 1 RC ALK BE R bR g, 8] RC JAE
Bthrie 1122

2) MK R 4~7 mm B}, UHPC-NC 4
A AE A WIS IR Ak R B B P RC ALY, X
T UHPC-NC 4 & 1 v 858 1R 5 H AT g IR, AU
UHPC +E T A, B 0 T/F G m e/, R
UHPC-NC 21 A AT B (AW st TR .

3) M4 RC & H N E 7 mm #BEIRES, UHPC-
NC G+ RI NI IR AL R 3408 T RC FAERY, X2
A I ZH A R i UHPC “IMARE” BHEVER, 4t
BoAKE Iz, FW UHPC-NC 2 & 4: BRI 1B Ak 31



14 WMo Lok ok % % i

2022 4

Ciy/so

4) MK BN E 11~13 mm B, ZH-4,
ZH-5 AV W2 IR Ak R B 248 T Ho 3 41 UHPC-
NC 4K, X2 ZH-4, ZH-5 BRI NI R Ak
AR

5) MK R I3 E 13~15 mm B}, ZH-5 5
LA W AR b R 18 F ZH-4 R, (R T
ZH-4 BRI NI, HAE 16 mm BATSRBE TAE,
iR ZH-5 55 O 2l e R, 2 B i T B B 14 in 2
WEIRFR T ZH-4 AL RE AN e/, A&
HE ZH-4 BRI R R AL R B AT

4 8

AR T UHPC-NC A BB S I X
IR ABAQUS A BRICH XS Hatk A7 T Dh i 11050
S, 5T T UHPC-NC 2 A e A A 2 AR B Ao
HIER NP UENERE, M2 TLUT4E R

1) UHPC-NC 414 #: i i ol i AR 2T,
HA RAFFERERE J1. 763 Ia] il 28 19 ) 28 B B
UHPC-NC 21 & F iy iy [l fth 26 1R 1k 2 VOB dh 26, i
RC 6 FE B9 a1 gh £k B fb 2 26 %, Jf H UHPC-NC 41
A FE A ] R T i, IR RC A HA
IFIFERERE ] -

2) UHPC-NC H & HA RIFAEYEERE, H
Hh ZH-4 15 (1 eV RE SR, HAV AL At R ALK 4.0,
A ZT-1 BRI LRSI M R B KA 2.6, 9N T
54%, UHPC-NC 445 #E A9 SEPEPEREAH H RC 25 M
BRIER, SR 15%~54%.

3) UHPC-NC 4 & 14072 fE 1 A4 383 TR
BEATA KRR o LU (R Ay 28t T [l o 2k i R
S TRAEE T AEY) 3.00~4.46 %, B IRAT 3R 5 A 120 R
2R TR TR e E A Y 3.16~4.48 1%,

4) MNIEERICASEE SR E , b s,
F UHPC J3 4 FEAE ], UHPC-NC 44 i W) 2 18
bR B 248 T RC AR NI R fb %, KW
UHPC-NC 4 &AM R R R B b5 Forh, ZH-4
R ) I AR AL SR B

S :

[1] MARTIROSSYAN A, XIAOY. Flexural-Shear Behavior
of High-Strength Concrete Short Columns[J]. Earthquake
Spectra, 2001, 17(4): 679-695.

[2] ST HE, FEhk, BREYE . %% RC RAEHURMERER
VTR ()], PO SRR A4 ( BRI,

2007, 39(6): 808-813.

GUO Zixiong, LI Chuanlin, HUANG Qunxian.
Assessment on the Schemes for Improving the Seismic
Behavior of RC Short Columns[J]. Journal of Xi’an
University of Architecture & Technology (Natural Science
Edition), 2007, 39(6): 808-813.

B] ®i&T, £ &, HiR, & BeumiREE L
EPERERYIAIRAN ST [J]. HORE TR 5 TAHRE), 2006,
26(6): 120-126.

JIA Jinqing, JIANG Rui, XU Shilang, et al.
Experimental Study on Seismic Performance of Ultra
High-Strength Concrete Short Columns[J]. Earthquake
Engineering and Engineering Vibration, 2006, 26(6):
120-126.

(4] ZEHK. BOAREE LA ENE SEOR (1], TR,
2005, 22( 3 1): 127-141.

LI Zhongxian. Theory and Technology of Split Reinforced
Concrete Columns[J]. Engineering Mechanics, 2005,
22(S1): 127-141.

(5] bk, FUSRH . AR EE /AR BT HLEE [J].
M2 TR S TARRSh, 2007, 27(3): 41-46
LI Zhongxian, DAI Chongyang. Seismic Mechanism
of Reinforced Concrete Split Column[J]. Journal of
Earthquake Engineering and Engineering Vibration,
2007, 27(3): 41-46.

[6] = W, REE, BB, 5F . 5 RE B ERER
B AR PR PR BRI M 5T ] Tk #2019,
49(12): 188-194.

WU Cheng, XU Shenchun, ZHAO Qiushan, et al.
Experimental Research on Seismic Behavior of Ultrahigh-
Performance Concrete Filled Square Steel Tubular Short
Columns|[J]. Industrial Construction, 2019, 49(12):
188-194.

(71 SfEk, ABEIR, 5 5 e AR EE LR R

FUHEZREAL TS (UGB MEREWIST [1]. TREJI%%, 2021,
38(10): 90-102.
MA Fudong, DENG Mingke, YANG Yong. Seismic
Experimental Study on a UHPC Precast Monolithic
Concrete Beam-Column Connection[J]. Engineering
Mechanics, 2021, 38(10): 90-102.

[8] RICHARD P, CHEYREZY M. Composition of Reactive
Powder Concretes[J]. Cement and Concrete Research,
1995, 25(7): 1501-1511.

[9] GRAYBEAL B A. Material Property Characterization of
Ultra-High Performance Concrete[R]. Mclean: Federal
Highway Adminstration, 2006: 9-14.

[10] PARK S H, KIM D J, RYU G S, et al. Tensile
Behavior of Ultra High Performance Hybrid Fiber
Reinforced Concrete[J]. Cement and Concrete
Composites, 2012, 34(2): 172-184.

(11 28mk, Mo, B I%, 55 AR BE L o R AEAE
IREHPURRTERE R BRI OF T [J]. B NEHE 7,



5 434 B ok, %

UHPC-NC &R PERET ST 15

2003, 24(6): 1-10.

LI Zhongxian, HAO Yongchang, ZHOU Bing, et al.
Model Test Study on Seismic Performance of Reinforced
Concrete Split-Column Frame Structure[J]. China Journal
of Building Structures, 2003, 24(6): 1-10.

HAKE, BIRE, RaHE, . N S AL
(R BUREHEREI0IRBRTEIE (1), AL HUFR
1998, 19(6): 2-11.

HAO Yongchang, HU Qingchang, XU Yunfei, et al.
Experimental Study on Improving Seismic Performance
of Short Column (High Axial Compression Ratio) with

[12

—

Split Column[J]. China Journal of Building Structures,
1998, 19(6): 2-11.

PR, £k, BV, BAATREE - HESRSE H R
AT SRR BL[]. JR3h Sk, 2013, 32(3):
22-28.

JIANG Huanjun, WANG Bin, LU Xilin. Seismic

Damage Analysis and Design Suggestions for Staircases

[13

[t

in RC Frame Structures[J]. Journal of Vibration and
Shock, 2013, 32(3): 22-28.

e N R A 55 I & 0, ot A
Bk SR EERPTRRBATE . GB 50011—2010[S].
Jent: PSR TR, 2010: 36-38.

Ministry of Housing and Urban-Rural Development of

[14

—

the People’s Republic of China, General Administration
of Quality Supervision, Inspection and Quarantine of the
People’s Republic of China. Code for Seismic Design
of Buildings: GB 50011—2010[S]. Beijing: China
Architecture and Building Press, 2010: 36-38.

[15] R N RILFNE 5 A1 & A Beit . IREE 45 it

B : GB 50010—2010[S]. bt Hh [l g4 Tl i
#, 2011: 207-208.

Ministry of Housing and Urban-Rural Development of the
People’s Republic of China. Code for Design of Concrete
Structures: GB 50010—2010[S]. Beijing: China
Architecture and Building Press, 2011: 207-208.

(16] & &, Jr & . EErERBIREE L AR RN ) -
AR ZAMFE [J]. 1REEL, 2008(7): 11-15.

YANG Jian, FANG Zhi. Research on Stress-Strain
Relation of Ultra High Performance Concrete[J]. China
Journal of Concrete, 2008(7): 11-15.

[17] 5k, #PAR, 22306, 5% . 8BS raeiREE i
PEREIAS [J]. PEABKEH, 2015, 28(8): 50-58.
ZHANG Zhe, SHAO Xudong, LI Wenguang, et al.
Axial Tensile Behavior Test of Ultra High Performance
Concrete[J]. China Journal of Highway and Transport,
2015, 28(8): 50-58.

(18] HrAe N RILFNE A G i & A il . s S pieilen )y

PRFE: JGT/T 101—2015[S]. dbat: HEEF Tk H
fikk, 2015: 13-16.
Ministry of Housing and Urban-Rural Development of the
People’s Republic of China. Specification for Seismic
Test of Buildings: JGT/T 101—2015[S]. Beijing: China
Architecture and Building Press, 2015: 13-16.

[19] PARK R. Evaluation of Ductility of Structures and
Structural Assemblages from Laboratory Testing[J].
Bulletin of the New Zealand Society for Earthquake
Engineering, 1989, 22(3): 155-166.

(ALY 4. B RIR)



