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Abstract; In order to study the compressive behavior and structural design method of stirrup-
confined ultra-high performance concrete (UHPC) columns, the research and development of
confined concrete columns were summarized and analyzed, and six simplified constitutive models
of confined concrete were discussed. The latest research results of axial compression and eccentric
compression characteristics of stirrup-confined UHPC short and long columns at home and abroad
were mainly introduced, and the main factors affecting the compressive characteristics of columns
were analyzed. The existing problems in the current research were discussed, and the future
research direction of the stirrup-confined UHPC columns was prospected. The results show that

the present research mainly focuses on the axial compressive behavior of UHPC short columns
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confined with normal-strength stirrups. The stirrup-confined UHPC columns require more
confinement to fully utilize the high-performance of UHPC, and the ductility of the members can
be significantly improved. The steel fiber can delay the cracking of cover concrete, restrain the
It has

synergistic effect with stirrups and can exert restraint effect together. It is suggested that the

shedding of cover concrete, and improve the stability of components against damage.

fiber characteristics should be taken into account in the design of UHPC members so as to reduce
the reinforcement allocation appropriately. Under the action of axial compression, the calculation
model of bearing capacity of normal-strength concrete short columns can be conservatively used as
a reference for the bearing capacity calculation of stirrup-confined UHPC short columns. The
constitutive model of stirrup-confined normal or high-strength concrete cannot accurately evaluate
the axial compressive characteristics of the stirrup-confined UHPC columns. It is recommended to
build a constitutive model of the stirrup-confined UHPC columns with high prediction accuracy.

Key words: ultra-high performance concrete column; compressive behavior; research progress;

stirrup-confined; axial compression; eccentric compression
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Tab.1 Test Parameters of Stirrup-confined UHPC Columns
2SR | B SR R o R FE/m | R | ZEER | BRI/ MPa | SR/ % | YAIRE/MPa | 4 i 8 EE /MPa
k(437 | 130 mmX 158 mm | 0. 700 24 s 173.0~184.0 550. 0 550. 0
SCHERC46] | 200 mm X200 mm | 0. 590 9 ooy 159.0~222.0 0.00~2.00 685. 0 700. 0~1 400. 0
200 mm X 200 mm | 0. 600 8 s 139.0~152.0 1.25~1.50 | 560.0~870.0 560. 0
SCik[49]
250 mm X250 mm | 1.250 7 g L 139.0~152.0 1.25 700. 0 560. 0
SCHk[43] | 250 mm X250 mm | 1.000 6 ey 124.6~137.8 2.50 455.0 453.0
SCERE3] | 220 mm X220 mm | 0. 900 9 ey 162.8~180.5 1. 50 574.7 565. 0
SCHk[52] $250~340 0. 900 6 0 162.8~180.5 1.50 491, 0~575.0 | 554.5~567.0
SCHk[4] $102 0.203 21 L= 151. 0 2.00 PN 414, 0
5E A ) 200 mmX 200 mm | 1.000 10 o 212. 4 1.50~2.00 | 400.0~600.0 500. 0
SCHRLS1]
$225~300 1. 000 6 LT 212.4 2.00 600. 0 500. 0
SCHERE61] | 200 mm X 200 mm | 1. 200 8 i L 100. 0~106.0 0.00~1.50 439.0 459.0
100 mm X100 mm,
SCHk[50] 0. 400 8 s 132.0 2.00 520.0~638.0 638.0
70 mm X 70 mm
R (150~300) mmX .
SCHk[59] 1. 200 22 i L 110.8~139.6 | 0.00~1.50 | 385.0~395.0 270.0
200 mm
SCHk[62] | 200 mm X 150 mm | 1. 000 7 g L 106.4~121.6 | 0.00~2.00 472.0 568.0
SCEk(57] | 150 mm X 150 mm | 0. 550 18 L 127.1~132.0 1. 50 F Wil KL
200 mm X 200 mm,
2,725~ i
ScHk[45] | 80 mm X 80 mm 77 |%hos AWy 137.0~154.0 | 2.00~6. 00
4,358
$100~180
k(447 | 120 mm X 120 mm | 2. 790 8 g L 151.1~176.4 500. 0
KA SCHRC53] | 150 mm X 150 mm | 1. 450 6 |fley fRCy | 140.0~155.0 2.00 550.0 EN Y]
0. 400~
100 mm X 140 mm 10 s 125.1~135.5 1. 00 460. 6
4,000
SCHk[55]
0. 400~
100 mm X 140 mm 10 s 145.9~178. 6 2.00 462. 1
4,000

9T, W% FF JB 29 8 UHPC & B s 2 fig 19 BF
SE A YER T UHPC R 45 19 4 J P, 25 30k 5
() 2 SRR 7 o 5 SR FH A AV 3 3 A0 A7 AT 29 R b 25
T R A7 A T A% O TR BE IR JE Al , 5 B0 UHPC 4
PERE R A 8O B Jay BR T rb I a8 5 4 77 249 o) M i 1Y
5E.,

4.2 R H

B Hr N A x5 A 29 5 UHPC FE 0 BiF 58 1% b
T 52 R 772 1 e i i 3 0F 5% B B s R BB Ol o8 3
M PSR R A TR . B UHPC il 45 80 R 119
AW, A K TR R R RS R A
BT il A 249 o) UHPC (1) J) 2% 4 5 A it oy ik
FFRA R R G I ESE 2 AL EE -

(D TR T Qe AR AR AE A 48 5 A
fb, 2 UHPC HA W A8 i Ak st ik 17 8 75 2 0F
¥ UHPC [ A8 6 Ak sl 4k A6 A7 4 X 29 38 UHPC H:#:
FE 1Y 52 M) KA 5 ] BsF o 40 A5 5 2F 4E 0% D[R] 28 65 2800
WL R WA FFIR AT .

(2) X 2% g Bz i) UHPC i o 4 4 1) 2
WHNIA 558 % . 75 BRI 43 UHPC K A2
JE R AR AR AR I TR AT

(3D FEA 1 MR A% WA 1] UHPC fi4 43 A5 feff 7500 1) 4
[ ReVaP | 750 NN e o 10 ) | R ERY 3 (3 Sl
J1 W IEAR AR W 295 UHPC #: M g 1 52 i H A

(4) H Al % 8 3 4 5 e T8 52 bR (19 2 ROAEBIF 5
Bl W 5 29 o UHPC B (19 R ~F 808 BIF 98 i R
.

(5) H Aif % 3 58 49 /5 29 o UHPC A 59 #F 55 48
%, T 50 FIH UHPC (1) 35 Ve RE & v 8 3 29 o
UHPC #E i) 37 H R SR 53 14 75 05

(6) X T 24 TR B 4= BT 0T 55, & LA A A
1R B 4 A 249 SR UHPC A% B A ¥ J2& UA0F 5% 19 S 4
A48 22 FE N -1 A% 6 U AE I ) R AR 19 35 7
BAF L LAl i UHPC 85435 1R 3E 4 M B8 4 i %
B %F UHPC o 4 A4 29 500 7 04 6 BRI IR 2 7
By R M 2 —



22 EAAFE TEFR

2020 4

(T 7E & o 4 il UHPC AE BT 52 M RE 98 b, 7
X e e Yt s UHPC I 5 89 1 19 45 1, @ v g
T B A T A,

5§ & &

A SCAE [ PN A0 R SCHR L At Xk 249 o3l
1 96 JFe BRE - ) A T 5 BSR4 A L AR A L
RS T 6 T E A 192 IR BE L R R AT L 4l
Pk -LePERE B il W) - RO R 4 . H GBS T
i /7 29 R UHPC A 32 15 45 4 1 f5 8 BF 5 1 SR A ik
JE LIRS T 52 Wi HCAS A A58 18 A 32 1 A i 1Y) = 2 I
BTG 3 S | AT 5 L AT RS L O A T S SR A
R UHPC A A K o3 B 32 2 Ll L 8 38 pIL B
SRS b T H TS AL 29 ) UHPC B0 5207
T A TE B R IR B T R ok E W N & FR i
Jr i)

2% k-

References:

(1] Wgefl.l g —FfedmiRE L — mEHR
MREEL LT Tk ,1999,29(4) :16-18

QIN Wei-zu,CAO Feng. A New Ultra-high Perform-
ance Concrete-reactive Powder Concrete[ J]. Industrial
Construction,1999,29(4) . 16-18.

MR, 1. B AE, 5F. S MR AR IR B LTS L
W] SR A S TR A2, 2014,31(3) - 1-24.
CHEN Bao-chun, JI Tao, HUANG Qing-wei, et al.

[2]

Review of Research on Ultra-high Performance Con-
crete[ ] ]. Journal of Architecture and Civil Engineer-
ing.2014,31(3) . 1-24.

SHIN H O, MIN K H, MITCHELL D. Confinement
of Ultra-high-performance Fiber Reinforced Concrete
Columns[ J ]. Composite Structures, 2017, 176 124-
142.

[4] YANG X,ZOHREVAND P, MIRMIRAN A. Behav-
ior of Ultrahigh-performance Concrete Confined by
Steel[ ] ]. Journal of Materials in Civil Engineering,
2016,28(10):04016113.

RICHART F E, BRANDTZAEG A, BROWN R L.
The Failure of Plain and Spirally Reinforced Concrete
in Compression[ R]. Urbana Champaign: University of
Illinois at Urbana Champaign,1929.

[6] CHAN W W L. The Ultimate Strength and Deforma-
tion of Plastic Hinges in Reinforced Concrete Frame-
works [ ] ]. Magazine of Concrete Research, 1955,
7(21):121-132.

[ 7] SHEIKH S A. A Comparative Study of Confinement

[8]

[9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Models[ J]. ACI Journal,1982,79(4) :296-306.
SOLIMAN M T M, YU C W. The Flexural Stress-
strain Relationship of Concrete Confined by Rectan-
gular Transverse Reinforcement[ J]. Magazine of Con-
crete Research,1967,19(61):223-238.

SHAH S P,FAFITIS A, ARNOLD R. Cyclic Loading
of Spirally Reinforced Concrete[ J]. Journal of Struc-
tural Engineering,1983,109(7):1695-1710.

KENT D C,PARK R. Flexural Members with Con-
fined Concrete[ J]. Journal of the Structural Division,
1971,97(7) :1969-1990.

VALLENAS J.BERTERO V V,POPOV E P. Con-
crete Confined by Rectangular Hoops and Subjected
to Axial Loads[R]. Washington DC:NASA,1977.
POPOVICS S. A Numerical Approach to the Com-
plete Stress-strain Curve of Concrete[ J]. Cement and
Concrete Research,1973,3(5) :583-599.

SHEIKH S A,UZUMERI S M. Analytical Model for
Concrete Confinement in Tied Columns[]]. Journal of
the Structural Division,1982,108(12) :2703-2722.
MANDER ] B,PRIESTLEY M J N,PARK R. Theo-
retical Stress-strain Model for Confined Concrete[ ] ].
Journal of Structural Engineering,1988,114(8) :1804-
1826.

LB L TR TE BE L IR BE b TR R AR R B8 0 -
AE AR [T]. T #E AR, 1981,11(9) :14-17,13
GUO Zhen-hai, ZHANG Xiu-qin. Stress-strain Com-
plete Curve of Concrete Under Cyclic Loading[ J]. In-
dustrial Construction,1981,11(9):14-17,13.

UK R S SN A R 10w A A o A 2 3
AR IR B ST ], AN A5 #2431 . 1982, 3(1) < 1-12.
GUO Zhen-hai,ZHANG Xiu-qin, ZHANG Da-cheng,
et al. Experimental Investigation of the Complete
Stress-strain Curve of Concrete[ J]. Journal of Build-
ing Structures,1982,3(1):1-12.

3K 75 B oL B, EAR AR RS A T S A 29 SROR BE -
B J)-Rr A 4l £k 7 A LT ] Dol # 57, 1985, 15
(12):16-20.

ZHANG Xiu-qin, GUO Zhen-hai, WANG Chuan-zhi.
Stress-strain Complete Curve Equation of Concrete
Confined with Stirrups Under Cyclic Loading[J]. In-
dustrial Construction,1985,15(12) :16-20.

b B B9 TR B L B ML 3 R bt i AR K
R, 2013,

GUO Zhen-hai. Principles of Reinforced Concrete
[M]. 3rd ed. Beijing: Tsinghua University Press,
2013.

HH R Rl AR B SRALDG S 29 TR BE 4 AT o R R AR



% 14 REF . F . MHYHRBHHERELE S ERAEFTEE 23
R gt s ] KR4 A ARE S TR [28] RAZVIS,SAATCIOGLU M. Confinement Model for
AW ,1984,17(4) . 16-24. High-strength Concrete[ J]. Journal of Structural En-
DAI Zi-qiang, LU Ji-zhi,ZHANG Zu-guang,et al. Re- gineering,1999,125(3) :281-289.
search on the Strength and the Deformation Behavior [29] LIU J,FOSTER S J, ATTARD M M. Strength of
of Confined Concrete Columns[J]. Journal of Tianjin Tied High-strength Concrete Columns Loaded in
University; Science and Technology, 1984,17(4):16- Concentric Compression[ J ]. ACI Structural Journal,
24. 2000,97(1) :149-156.

[20] 3 E o, Bk SR A0, 55, i T 2 IR 8 + A AR (300 Bebrali A2 2, Jo) A 5. 5 3 4 35 29 o TR B 1 A 1y v

(21]

[22]

(23]

[24]

[25]

[26]

(27]

B )] REEREF %M AR 25 TRERRK,
1988,21(2) :109-115.

DAI Zi-qiang, LU Ji-zhi,ZHANG Zu-guang,et al. Re-
search on the Strength of Confined High-strength
Concrete Short Columns[]J]. Journal of Tianjin Uni-
versity: Science and Technology, 1988, 21 (2): 109-
115.

NAGASHIMA T, SUGANO S, KIMURA H,et al.
Monotonic Axial Compression Test on Ultra-high-
strength Concrete Tied Columns[ C]//RANGUELOV
B,HOUSNER G. Proceedings of 10th World Confer-
ence on Earthquake Engineering. Madrid: Internation-
al Association for Earthquake Engineering, 1992
2983-2988.

CUSSON D, PAULTRE P. High-strength Concrete
Columns Confined by Rectangular Ties[J]. Journal of
Structural Engineering,1994,120(3) :783-804.
CUSSON D. PAULTRE P. Stress-strain Model for
Confined High-strength Concrete [ J ]. Journal of
Structural Engineering,1995,121(3) :468-477.
SCIBTT A AT K SCIK. J A 29 O e R R A2 )
REMIX IR AR [T, £ KR 5 5 8 T A2 4= 4L, 1996, 18
(2):53-60.

ZHI Yun-fang, NIU Shao-ren, ZHANG Yi-zuo. Ex-
perimental Research on Mechanical Behavior of High-
strength Concrete Short Columns Confined with Stir-
rups[J]. Journal of Civil and Environmental Engineer-
ing,1996,18(2) :53-60.

RAZVI S R, SAATCIOGLU M. Strength and De-
formability of Confined High-strength Concrete Col-
umns[ J ]. ACI Structural Journal, 1994, 91(6):678-
687.

SAATCIOGLU M, RAZVI S R. High-strength Con-
crete Columns with Square Sections Under Concentric
Compression[ J]. Journal of Structural Engineering,
1998,124(12) .1438-1447.

RAZVI S R, SAATCIOGLU M. Circular High-
strength Concrete Columns Under Concentric Com-
pression[J]. ACI Structural Journal,1999,96(5) :817-
826.

[31]

[32]

[33]

[34]

[36]

D2 EERELT ] WA R 22 e A RBL 2. 2002, 42
(10):1369-1373.

QIAN Jia-ru, CHENG Li-rong, ZHOU Dong-liang.
Behavior of Axially Loaded Concrete Columns Con-
fined with Ordinary Hoops[J]. Journal of Tsinghua
University: Science and Technology, 2002, 42 (10) .
1369-1373.

LEGERON F, PAULTRE P. Uniaxial Confinement
Model for Normal- and High-strength Concrete Col-
umns[ ] ]. Journal of Structural Engineering,2003,129
(2):241-252.

TAN T H.NGUYEN N B. Flexural Behavior of Con-
fined High-strength Concrete Columns[ J]. ACI Struc-
tural Journal,2005,102(2) :198-205.

LRREF A B XYL S v R A S 24 SR e SRR BE
F e Re I I A SR ). TR 0y 2, 2012,
29(1) :141-149.

SHI Qing-xuan, YANG Kun, LIU Wei-ya, et al. Ex-
perimental Study on Mechanical Behavior of High
Strength Concrete Confined by High-strength Stir-
rups Under Concentric Loading[ J]. Engineering Me-
chanics,2012,29(1) :141-149.

B B SR DA, Bk AR A R A 29 TR BE -
032 PR REAF BT ], V6 22 JE SR B R 2 2 4. A AR B
#hR.2009,41(2):161-167,172.

YANG Kun, SHI Qing-xuan, WANG Qiu-wei, et al.
Finite Element Analysis of Axially Loaded Concrete
Square Columns Confined by High-strength Lateral
Ties[ J]. Journal of Xi’an University of Architecture
and Technology: Natural Science Edition, 2009, 41
(2):161-167,172.

Mo B S PRER R AEL R O 4 A 29 R e SR IR BE
TAMBAIFE[T]. LA TR 2. 2013,46 (1) 34-
41.

YANG Kun, SHI Qing-xuan, ZHAO Jun-hai, et al.
Study on the Constitutive Model of High-strength
Concrete Confined by High-strength Stirrups [ J].
China Civil Engineering Journal,2013,46(1) :34-41.
BRE.E ELE A R A 2 O R R R
A0 52 e B J3- 0 AR A il 4R A 5 () ] A A 4 A



24

EAMFE TRFIR

2020 4

[37]

[38]

[39]

[40]

[41]

[42]

[43]

#.2013.34(4) . 144-151.

SHI Qing-xuan, WANG Nan, TIAN Yuan, et al.
Study on Stress-strain Relationship of High-strength
Concrete Confined with High-strength Stirrups Under
Axial Compression [ J]. Journal of Building Struc-
tures,2013,34(4) :144-151.

HREF.E B ERE, S R A 29 O R iR R B
L ZEAM KRR LT] TR Jj %%, 2013, 30
(5):131-137.

SHI Qing-xuan, WANG Nan, WANG Qiu-wei, et al.
Uniaxial Compressive Stress-strain Model for High-
strength Concrete Confined with High-strength Lat-
eral Ties[ ]]. Engineering Mechanics, 2013, 30 (5);
131-137.

SOREFL WK I8, A A SRR BE L S AR G
AR ] @M R 24, 2017, 20(1) :49-54.

SHI Qing-xuan, RONG Chong, ZHANG Ting, et al.
A Practical Stress-strain Model for Confined Concrete
[J]. Journal of Building Materials, 2017, 20 (1) : 49-
54.

B b i R A 24 O SR TR BE AR FE RN E T )
PERERF R LD, K 3% K3 B TR 24,2010,

HU Zhong. Studies on the Behavior of High-strength
Concrete Columns with High-strength Transverse
Reinforcement Under Concentric Compression [ D].
Dalian; Dalian University of Technology,2010.

R EBIRE B ). A AOIR BE A0 HUER R E
STl R B+, 2012(7) . 10-12.

SONG Jia, LI Zhen-bao.DU Xiu-li. Calculation Meth-
od for Ultimate Strength of Reinforcement Confined
Concrete Under Axial Loading [ J]. Concrete, 2012
(7):10-12.

AR, o B BN B, A A 24 o R TR BE 2
FENE g -Ir A8 A 5 & L], s U450 % 4R, 2014, 35
(5):96-103.

ZHAO Zuo-zhou, ZHANG Shi-ang, HE Xiao-gang,
et al. Stress-strain Relationship of Stirrup-confined
High-strength Concrete[]]. Journal of Building Struc-
tures,2014,35(5) :96-103.

JASCUE B 29 AIR BE b Sk gk [ i g s
BRI 58 .2007,33(3) : 144-146,168.

ZHOU Wen-feng, LU Ying. The Summarization of
Literature of Confined Concrete[ J]. Sichuan Building
Science,2007,33(3) :144-146,168.

HOSINIEH M M, AOUDE H,COOK W D,et al. Be-
havior of Ultra-high Performance Fiber Reinforced
Concrete Columns Under Pure Axial Loading[J]. En-
gineering Structures,2015,99:388-401.

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

HEIMANN M,SCHMIDT H,TRAN N L,et al. Re-
liability of Highly Stressed UHPC-columns[]]. Bet-
on-und Stahlbetonbau,2013,108(1) :2-12.

AARUP B, JENSEN L R, APS H C, et al. Slender
CRC Columns[ J]. Nordic Concr Res,2005,34:80-97.
SUGANO S,KIMURA H,SHIRAI K. Study of New
RC Structures Using Ultra-high-strength Fiber-rein-
forced Concrete (UFC) — The Challenge of Applying
200 MPa UFC to Earthquake Resistant Building
Structures| ] ]. Journal of Advanced Concrete Tech-
nology,2007,5(2) :133-147.

EMPELMANN M., TEUTSCH M.,STEVEN G. Load-
bearing Behavior of Centrically Loading UHPFRC
Columns[ C]//FEHLING E, SCHMIDT M, STUR-
WALD S. Proceedings of the Second International
Symposium on Ultra High Performance Concrete.
Kassel: University of Kassel,2008:521-528.
EMPELMANN M, TEUTSCH M, STEVEN G. Ex-
panding the Application Range of RC-columns by the
Use of UHPC [ C]//WALRAVEN J C, STOEL-
HORST D. Tailor Made Concrete Structures. Lon-
don:CRC Press.2008:461-468.

STEVEN G, EMPELMANN M. UHPFRC-columns
with High-strength Longitudinal Reinforcement[]].
Beton-und Stahlbetonbau,2014,109(5) :344-354.
RIDHA M M S,ALI T K M, ABBAWI Z W. Behavior
of Axially Loaded Reactive Powder Concrete Columns
[J]. Journal of Engineering and Sustainable Develop-
ment,2013,17(2):193-209.

MIN K H,CHOI H S. A Study for Application of 180
MPa Ultra High Performance Concrete to Compres-
sive Members[ ] . Journal of the Korea Academia-in-
dustrial Cooperation Society,2015,16(7) :4930-4935.
SHIN H O,MIN K H, MITCHELL D. Uniaxial Be-
havior of Circular Ultra-high-performance Fiber-rein-
forced Concrete Columns Confined by Spiral Rein-
forcement[ ] ]. Construction and Building Materials,
2018,168:379-393.

MALIK A R, FOSTER S J. Behaviour of Reactive
Powder Concrete Columns Without Steel Ties[]].
Journal of Advanced Concrete Technology. 2008,
6(2):377-386.

AL-AZZAWI A A, ALI A S. Prediction of Compres-
sive Strength and Ultimate Loads for Reactive Powder
Concrete Columns[ J]. International Journal of Engi-
neering Sciences,2015,4(3) ;:28-38.

X W 3 R A TR B A A2 A 1 SR L 1 3
B ARG D], dbat b at sl K2, 2012,



il ARG Y R R

b A LA B AR AT

& 25

&

[57]

[58]

[59]

[60]

LIU Chang. Experimental Study on Failure Mecha-
nism of Reactive Powder Concrete Members Under
Eccentric Compression [ D]. Beijing: Beijing Jiaotong
University,2012.

BRI R IR BE R 2 R RS
TR IR T EELD]. b at  Jb Bt g R A, 2012,
KANG Pei. Design Calculation Methods of Reactive
Powder Concrete Elements Under the States of Ben-
ding, Shearing and Compression[ D]. Beijing: Beijing
Jiaotong University,2012.

X 4. RPC iR B 4 4l 52 F A 3l 30 AF 50 e v 52 &
AT [D] Kb Wi K4, 2015,

LIU Dong-ming. Experimental Study and Reliability
Analysis of Reactive Powder Concrete Columns Un-
der Uniaxial Compression[ D]. Changsha: Hunan Uni-
versity,2015.

JE B0 4 BT MR A TR B A 0 A2 TR K e
FELT]. P E AR 3C.2016,11(1) . 7-11.

TANG Chang-hui, LIU Dong-ming. Experimental
Study on Reactive Powder Concrete Columns Under
Uniaxial Compression[]J]. China Sciencepaper, 2016,
11(1).7-11.

A T W TR )T R AN MR R TR B A R R A
P2y tERe i B B e [T ], AR 38 $7 A, 2017, 54
(5):192-199.216.

SHI Cheng-hua, MA Hui, LONG Guang-cheng,et al.
Mechanical Property Test for Reactive Powder Con-
crete Columns Under Eccentric Compression [ ] ].
Modern Tunnelling Technology, 2017, 54 (5): 192-
199,216.

SHI C H, LONG M, CAO C Y, et al. Mechanical

[61]

[62]

[63]

[64]

[65]

[66]

Property Test and Analytical Method for Reactive
Powder Concrete Columns Under Eccentric Compres-
sion[ J ]. KSCE Journal of Civil Engineering, 2017, 21
(4):1307-1318.

HUNG C C.HU F Y,YEN C H. Behavior of Slender
UHPC Columns Under Eccentric Loading[J]. Engi-
neering Structures,2018,174.701-711.

LA S0 AR XA AL R v AR TR O A 0 32 T
PERe R B o ()], TR 2 54 K, 2018,50(3):
201-208.

MA Kai-ze, MA Yu-dong, L1IU Bo-quan. Experimental
Study on Eccentric Compression Behavior of Ultra-
high Performance Concrete Columns [ J]. Advanced
Engineering Sciences,2018,50(3) :201-208.

CHUNG H S,YANG K H,LEE Y H,et al. Strength
and Ductility of Laterally Confined Concrete Columns
[J]. Canadian Journal of Civil Engineering, 2002, 29
(6):820-830.

HONG K N,HAN S H. Stress-strain Model of High-
strength Concrete Confined by Rectangular Ties[]].
KSCE Journal of Civil Engineering, 2005,9 (3) ;225-
232.

GB 500102010, Jk ¢ + 4544 BT MLELS ).

GB 50010—2010.Code for Design of Concrete Struc-
tures[ S].

Mg 5 HENI L 05 RO A5 B8 M AR R B 1 R
JELT]. A SR 5 TR 3. 2019, 36 (2) - 10-20.
CHEN Bao-chun, WEI Jian-gang, SU Jia-zhan, et al.
State-of-the-art Progress on Application of Ultra-high
Performance Concrete[ J]. Journal of Architecture and

Civil Engineering,2019,36(2) :10-20.



