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Experiment alanalysis on flexural ductility of prestressed RPC-NC composite beam

JI Wenyu, LI Wangwang, WANG Jue

(Security Risk Management of Transportation Infrastructure ( Beijng Jiaotong University ) , Beijing 100044, China)

Abstract; Promoting the application of high performance material in modern bridge structures in order to meet the
rapid development of high-speed railway technology, 10 pre-stressed reactive powder concrete ( RPC)-normal
concrete (NC) composite beams and 1 pre-stressed pure NC beam were designed and fabricated to investigate the
flexural ductility of composite beams with the high performance material RPC, which was evaluated by the
displacement ductility ratio at mid-span of composite beam. In this paper the effect of the height of RPC, the pre-
stress ratio and degree of NC were mainly considered on the flexural ductility of composite beam. The results show
that the sectional reinforced index decreases and the flexural displacement ductility ratio increases with the
increasing height of RPC. Both the pre-stress ratio and flexural ductility increase with the increasing of steel strand
number. The flexural ductility increases with the grade of upper NC as the brittle failure feature is not obvious. The
deformation capacity of composite beam after the appearance of peak load increase, and the flexural ductility is
significantly better than NC beam because of the excellent mechanical properties of RPC and the effect of steel
fibers. It can be observed that the RPC has both high strength and good ductility. The fitting formula to calculate the
flexural ductility of composite beams was proposed simultaneously based on the test results.

Keywords: reactive powder concrete; normal concrete; composite beam; reinforced index; pre-stress ratio;

displacement ductility
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Tab.1 Design parameters of model beams
NS Rs NC 2% ENmE RPC & & /mm TR I L BCASTE L w A RGRAIN T o,/ MPa
$50-2-290 €50 202541922 290 0.457 0.242 1353
$50-2-360 €50 202541922 360 0.457 0.214 1411
$50-2-430 C50 2025+1 922 430 0.457 0.195 1350
$50-3-290 C50 2$20+1 916 290 0.669 0.276 1162
S50-3-360 €50 2020+1 P 16 360 0.669 0.262 1136
S50-3-430 €50 2020+1 9 16 430 0.669 0.245 1175
S50-4-290 €50 1916 290 0.914 0.323 1230
S50-4-360 €50 1916 360 0.914 0.279 1208
S50-4-430 €50 1P 16 430 0.914 0.242 1226
$70-3-360 c70 2020+1 P 16 360 0.669 0.230 1171
SNC50-3-0 €50 2020+1 P 16 0 0.669 0.505 1118

TR P B AR AN AR, R BB RPC &
BRI G VR Fe b, TR AR 22 RPC 5 NC
SEITRUR RS ot SR i, SR
ZRIa) Z A F7 4 AN TR) LA 1) 2 0 A 1) 4 7 0 4 2k
TUERAH R AR A IR A R S TR 2 3.
%2 RPC 1 NC L AR
Tab.2 Mechanical properties of RPC and NC

- - SEHEBUE BhodiE PR
PR % /MPa R JE/ MPa H/GPa
$50-2-290  RPC 141.36 119.12 48.53
$50-2-290  NC 79.50 57.94 38.66
$50-2-360  RPC 146.93 121.30 46.85
$50-2-360  NC 87.39 54.40 39.73
S50-2-430  RPC 149.00 118.71 48.47
S50-2-430 NG 67.74 63.56 39.75
S50-3-290  RPC 145.16 116.97 48.91
$50-3-290  NC 82.71 64.09 36.91
S50-3-360  RPC 136.51 111.29 45.96
S50-3-360  NC 67.32 60.52 36.86
S50-3-430  RPC 148.21 108.00 44.74
S50-3-430  NC 66.03 51.49 37.14
S50-4-290  RPC 135.88 109.04 46.84
S50-4-290  NC 67.83 57.67 33.88
S50-4-360  RPC 135.60 108.53 44.22
S50-4-360  NC 61.99 49.16 36.06
S50-4-430  RPC 139.52 112.96 46.98
S50-4-430  NC 63.49 60.97 36.99
S70-3-360  RPC 140.41 124.66 47.55
S70-3-360  NC 82.73 77.23 39.55
SNC50-3-0  NC 50.72 45.73 36.21
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Tab.3 Mechanical properties of steels and strands

o ATREAR, JERIRGRE O WRRERE PR
e mm £,(fo)/MPa f,(f,,)/MPa E(E,)/GPa
HRB335 16.00 472 569 211
HRB335 20.00 443 588 208
HRB335 22.00 439 580 210
HRB335 25.00 440 576 210
1860 MLk 15.24 1810 1975 196
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Tab.4  Experimental parameters of flexural ductility of composite beams

PR R= P/kN  P/KkN  A/mm A /mm M
S50-2-290 607.48 845.61 17.35 42.52 2.451
S50-2-360 605.21 867.30 18.44 49.65 2.693
S50-2-430  610.57  866.70 19.50 58.91 3.021
S50-3-290 608.37 849.30 19.87 55.51 2.795
S50-3-360 606.42 873.60 17.84 51.97 2913
S50-3-430 600.28 851.00 18.88 57.22 3.031
S50-4-290 573.31 790.00 17.35 48.48 2.794
S50-4-360  567.20  774.10 18.95 57.83 3.052
S50-4-430  575.21  787.40 19.33 66.74 3.453
S70-3-360  614.00  816.40 17.64 55.09 3.123
SNC50-3-0  594.74 731.20 23.28 44.23 1.900
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Fig.4 Typical curves of load-displacement of composite beam
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Tab.5 Comparison of calculation and testing results of flexural

displacement ductility ratio

R4 i w e Ma© N
S50-2-290 0.457 0.242 2.451 2.125 0.867
S50-2-360 0.457 0.214 2.693 2.481 0.922
S50-2-430 0.457 0.195 3.021 2.716 0.899
S50-3-290 0.669 0.276 2.794 2.530 0.906
S50-3-360 0.669 0.262 2.913 2.666 0.915
S50-3-430 0.669 0.245 3.031 2.825 0.932
S50-4-290 0.914 0.323 2.794 3.206 1.147
S50-4-360 0.914 0.279 3.052 3.478 1.140
S50-4-430 0.914 0.242 3.453 3.706 1.073
S70-3-360 0.669 0.230 3.123 2.972 0.952

SNC50-3-0  0.669  0.505 1.900  0.322 0.169
F-HE — — - - 0.975
i — — — 0.104

4 # %

1) AR 10 TN ) RPC-NC &30 1 AR
TN 7 4l NC 307 3% — e B i 2 S L 4 4 25067 B8
FEPERBAT T o pr R 045 LW, T RPC MR}
RS T2 ERE L T & & e I (E A 215 1
TG RE ST, MEASPT S (3 B 2B 1 B P T4l NC B2
B RPC I RE S 2 55 92 1 7K 21 e g Fn i A
PE T BRI i B A B AT AR AL

2) Tiih J) RPC-NC & & R 5 (i M R4
LTS 5 B N S bR B R DG . Bl
RPC = BE3E I, SR e A b 5B A0, B 25 (67 B8 2B 1
FBON R ISR AR B £, TN ) LRI K, (6 78
FEPE B R ;5 S70-3-360 45 B L AR, FFR
NC R w5 PP G Pk R B0 K.

3) B RPN RS HEE R BT S T e A
TR S R BV I, L 3 A As & | DRI Kds
S BER B A U S RPC-NC & &
PP R BITEA X AT EES
RI(EHEAT T A, THAE 500 (8 2 e i - 2401
N 0.975, brifi2E l 0.104 A 45 R 506 25 ) &
R 4f.

EP

[1] DUGATJ, ROUX N, BERNIER G. Mechanical properties of
reactive powder concretes [ J]. Material and Structure, 1996, 29
(5): 233-240.

[2] BONNOEAU O, POULIN C, DUGAT ], et al. Reactive powder
concrete; from theory to practice [ J].
1996,18(4) . 47-49.

[3] HABEL K, VIVIANI M,DENARIE E. Development of the mechan-

Concrete International ,



5 6 1]

FYE AL HUN ST RPC-NC B4 4048 18R R 08 40 BT

« 27 -

[9]

[10]

[11]

ical properties of an ultra-high performance fiber reinforced con-
crete [ J]. Cement and Concrete Research,2006,36(7): 1362-
1370.

FICE, T U, LW SR AR EE L T B 350 0T 90 BF 5T
[J]. " ESGERE,2011,32(5) :38-42.

JI Wenyu, DING Bo, AN Mingzhe. Experimental study on the shear
capacity of reactive powder concrete beams [ J]. China Railway
Science,2012,32 (5) ; 38-42.

ZHIEE, ST A A A TR AR R BE L S A R P A AT
REESPEREL ). IRZRIE Tl K244 ,2013,45(8) :105-110.
AN Mingzhe , JIA Fangfang, YU Ziruo, et al. Bond properties of
reinforcement anchored in
members[ J]. Journal of Harbin Institute of Technology,2013,45
(8): 105-110.

EIRN, RSk, S TR AR TR BE A B B B Sk
K5 (1], AR TR ,2009,42(5) :96-101.

YAN Zhigang, JI Wenyu, AN Mingzhe. Design and experimental

reactive powder concrete flexural

study of low-height reactive powder concrete beams [ J]. China
Civil Engineering Journal ,2009,42(5) . 96-101.

BIERWAGEN D, HAWASH A. Ultra high performance concrete
highway bridge [ C]// Proceeding of the 2005 Mid-continue
Transportation Symposium. lowa: AMES,2005: 1-14.
BRUEIR, 5K 507, SO i R B MK e S5 5 44 KL RUHTCC
ZERNHH I S IKBE )], PEBZ (B H . 5ARR
2%),2009,39(5) :878-896.

XU Shilang, ZHANG Xiufang. Calculation bending theory and
experiment study of reinforced ultra-high toughness cementitious
composites (RUHTCC) beams [ J]. Science in China( Series E:
Technological Sciences) ,2009,39(5) : 878-896.

MAALEJ M, LI V C, Introduction of strain hardening engineered
cementitious composites in design of reinforced concrete flexural
members for improved durability [ J]. Structural Journal,1995,92
(2): 167-176.

TKFEF ARTAR. SR AT S B MK e 5T & bR 5 4R A TR B
TR GURIERESISE (1) . BABIB[)]. EART R,
2008,41(12) :48-53. DOI.10.15951/j.tmgexb.2008.12.013.
ZHANG Xiufang, XU Shilang. Improvement of the flexural and
cracking behavior of RC beams using ultra-high toughness
cementitious composites ( 1 ) : theoretical analysis[ J]. China Civil
Engineering Journal,, 2008, 41 ( 12) . 48 -53. DOI. 10.15951/j.
tmgexb.2008.12.013.

HKFIF ORI AR 25, SR L s Pk K e 4 2 5 bR iR
PR BE L B iU R RRRT S (1) ¢ IXIRAT S ()], £AT
244 ,2009,42( 10) :53-66. DOI: 10.15951/j.tmgexb.2009. 10.
013.

ZHANG Xiufang, XU Shilang, HOU Lijun. Improvement of the
flexural and cracking behavior of RC beams using ultra-high
toughness cementitious composites ( Il ) : experimental study [ J].

China Civil Engineering Journal ,2009,42(10) : 53-66. DOI. 10.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

15951/j.tmgexb.2009.10.013.

K, R, ZERERE. RPC-NC 414 35U 2 S MR 5T
[J]. hEER,2016,37(1) :46-52. DOI; 10.3969/].issn.
1001-4632.2016.01.07.

JI Wenyu, GUO Minglong, LI Wangwang. Interface mechanical
behavior of RPC-NC composite beam [ J]. China Railway Science,
2016,37(1): 46=52. DOI; 10.3969/].issn. 1001 -4632.2016.01.
07.

SRR X , 7K. TR g i iR VR B 1 B A M B A0 BT
SR sE (1], TR 2% ,2005,23(3) : 166-171.

ZHANG Limei, ZHAO Shunbo, HUANG Chengkui. Experimental
study of ductility of prestressed high-strength concrete beams [ J].
Engineering Mechanics,2005,23(3) . 166—-171.
BT, W B, S5 TN g A0 B v iR R B L R A
R [J]. FR/RIE DR+ 42, 2015,47 (4) :64-70. DOI: 10.
11918 /j.issn.0367-6234.2015.04.011.

JIA Jinging, MENG Gang, FENG Shuo, et al. Flexural ductility of
prestressed steel reinforced ultra-high strength concrete beams [ J].
Journal of Harbin Institute of Technology,2015,47(4) . 64-70.
DOI:10.11918 /j.issn.0367-6234.2015.04.011.

LEGERON F, PAULTRE P. Behavior of high-strength concrete
columns under cyclic flexure and constant axial load [J]. ACI
Structural Journal ,2000,97(4) : 591-601.

YOO D Y, YOON Y S. Structural performance of ultra-high-
performance concrete beams with different steel fibers [ J].
Engineering Structures, 2015, 102: 409 —423. DOI: 10. 1016/].
engstruct.2015.08.029.

REFAI A E, ABED F, AI-RAHMANI A. Structural performance
and serviceability of concrete beams reinforced with hybrid ( GFRP
and steel) bars [ J]. Construction and Building Materials, 2015,
96: 518-529. DOI:10.1016/j.conbuildmat.2015.08.063.
REZAZADEH M,COSTA I,BARROS J. Influence of prestress level
on NSM CFRP laminates for the flexural strengthening of RC beams
[J]. Composite Structures,2014,116: 489-500. DOI.10.1016/].
compstruct.2014.05.043.

PRI 2. HRBS500 973 7 7 7 w25 1 AR TR BE + S22 0 M REA Y
[D]. dbtxt. kst Tk K2 ,2015.56-57.

XU Haibin. Research on the perfoemance of HRB500 bars
reinforcement prestressed ultra-high performance concrete beams
[ D]. Beijing: Beijing University of Technology,2015: 56-57.
W8, Jr di. CFRP WCAf 16 M0 oK TR Bk - 2 9 4 R A8 0B 1 ik
[J]. BIR RS2 AARBLEANR) ,2015,42(3) 1 14-22. DOL:
10.11918/j.1ssn.0367-6234.2016.08.000.

YANG Jian,FANG Zhi. Ductility and deformability of RPC beams
prestressed with CFRP tendons [ J]. Journal of Hunan University
(Natural Sciences) ,2015,42(3) . 14-22. DOI.10.11918/].issn.
0367-6234.2016.08.000.

(%5

AT E)



