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Abstract: In order to investigate the mechanical behavior of RBP-UHPC (retard—bonded prestressed ultra—
high performance concrete) cantilever beam, two full-scale RBP-UHPC variable section cantilever beams were
tested based on the background of the cantilever stairs in Shanghai Opera House. The test results show that during
the loading process, the key variable sections cracked in turn, and the cracks were most dense near the key sections.
The farther away from the key variable sections, the shorter and sparser the cracks were. The failure position of the

cantilever beam was 2.6 m away from the root of the beam. The closer the section was to the failure section, the
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sooner the strain of UHPC and rebar reached the elastic compressive strain of UHPC and the yield strain of the rebar.

The safety margin of the failure section of the two beams was 1.97 and 1.81 respectively, which had good structural

performance and can meet the strength requirements of practical engineering. A calculation model for the ultimate

bending moment of RBP-UHPC  —shaped variable section cantilever beam with structural plate was proposed.

Compared with the existing codes, the calculated results of the model in this paper were in the best agreement with

the experimental results and were safer.

Key words: retard—bonded prestressed ; ultra—high performance concrete (UHPC) ; variable section; cantilever

beam ; bending test
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Fig.1 Cantilever staircase in Shanghai Grand Opera House
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Fig.2 Specimen structure diagram (unit: mm)
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Tab.4 Test and calculation results of ultimate bending mo-

ment of the failure section (section 4)

N MC/ MC\IU/

Wt M /(kN'm) M_/(kN-m) ’ ’ MM,
) (kN-m)  (kN-m) )

211 4191.92 5196.87 1071.04 4118.64 1.02

712 3779.31 4929.80 1071.04 3867.51 0.98
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Fig.15 The ratio of experimental and calculation results of each method
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Tab.5 The average value and coefficient of variation of the

ratio of experimental and calculation results of each method

Jii: F-HE 5 5 R
£ 1.07 0.11
iR 0.86 0.11
FEME 1.18 0.18
LA 1.18 0.18
AL 1.20 0.17
T/CECS 0.91 0.11

4 e

AR W R RBP-UHPC 28 #% i Bk R 347 T
ZAPERE IR 58] TR 458

1) $5 H 0 8 Bk SR T 388 10 M4 R RN 3 T2
L BPRTE L1 AN L2 1l YR A AT Y 2 44 B 43 5 ok
1.97 F1 1.81, A B AF ) 450 PEBE , REE 1 2 S5 PR T
R 1 5 B 3K

2) gk R, A AR AR R AR U T 2, Bk
2 A W 2R 5% O i ELAT AN ARt A Tl A %) 92 B
DA, 5 S 0 7 T A , SR R i IR I, S
7 A T s S A 4 v G [X 38, O Jo 58 3 8 487 %) i 757
SR e R RN BT 2

3) 2k Pk T2 T 48K T AN A AR 3 I S A S AR
2.6 m Ak, ZERG UL, N G I v 55 T, ELN g it
b ) JRy P BE A R B T A fif o5 B P RBPT &b T8
KSR, B PRI Rt IR . i S2 PR T A6 # RBPT
SbTATRGEEIRAS AR T T 5, S5 R0 T R T R T 2
TREER.

4) 4575 #1019 UHPC FVAY fl B 78 4 e 45 A M
[F] , B 2% 3T A R AR TF 1) UHIPC VR 797 17 728 2 e |
R 5 B UHPC 1 350 R R A8 F0A9 55 6 Jest A I 7%
PR I 5 R 18 3 HP X A () SR B ] P T 4 k) 5
I A m , B A RER] I ROR

5) 24 RBPT &b FJCA 45 Ik A0, RBPT I 11 0 A
SN 35 R 3G 2 R 24 RBPT AL T4 K451k
A, RBPT [z g 107 e A i J3

6) A SCHE Y T WU R AR I AR, H A%
16T A S5 AR m SR A T R R T 8 0 . AH
T B FE A SO R A5 R S B 6 4
WA e, HAm T 204 BRI AE b R R R AT
S AR REPESZ I K )24y B0 ik B kAT TR B
KT E VS, IR HE T AR B P A ]

P, JEHAE 2 AR 10 T 2 PR REPEA o B
FH

S&

(1]

(3]

(4]

[8]

[10]

[11]

[12]

[13]

XIONG X Y, HE L Y, ZHOU Z W, et al. The bond-slip
constitutive model of retard—bonded prestressing steel strand [J].
Construction and Building Materials, 2023, 365:129995.
REZEE, A, ARMSRE . ZERGZE TR TN T iR B S R
WEFEL)]. AL, 2018, 48(8) : 34-40.

XIONG X Y, HUA N, YU P C. Static load test study on partially
prestressed beams [J]. Building
Structure, 2018,48(8) :34-40. (in Chinese)

RICHARD P, CHEYREZY M. Composition of reactive powder
concretes [J]. Cement & Concretce Research, 1995, 25 (7) :
1501-1511.

GRAYBEAL B A. Flexural behavior of an ultra~high—performance
concrete I-girder [J]. Journal of Bridge Engineering, 2008,
13(6):602-610.

YANG I H, JOH C, KIM B S. Flexural strength of large—scale
ultra high performance concrete prestressed T-beams [J].
Canadian Journal of Civil Engineering, 2011, 38 (11) : 1185-
1195.

LI H H, LI L F, FAN X, et al. Experimental and numerical
investigation on the flexural behavior of a large—scale prestressed
UHPC T-Shaped girder[J]. Engineering Structures, 2022, 272:
115027.

FANG Z,TIAN X, PENG F. Flexural strength of prestressed ultra—
high—performance concrete beams [J]. Engineering Structures,
2023,279:115612.

R UHPCI50 R B 2B Az st ()], scm Bl
5T, 2018, 34(1): 23-27.

WU W. The design of UHPC150 large cantilever bent up and the

retard—bonded  concrete

analysis of the stress characteristics [J]. Journal of Transport
Science and Engineering, 2018, 34(1): 23-27. (in Chinese)
R, BRAR ST AT R AR UHPC 35 230 28 AR AL i 56
[J]. ZABK TR, 2021, 46(4): 84-90.

YE M, YAO Z L. Experimental study on shear behavior of
prestressed UHPC-T beam [J]. Highway Engineering, 2021,
46(4): 84-90. (in Chinese)

YE M, LI L F, HU F J, et al.
cantilevered thin—walled bent caps: design and experiments[J] .
Engineering Structures, 2022, 272: 114909.

MRl 2%, Ik, XIRRE, 55, b JCHOR) Be 25 1 1 1L 5 i
). RIS, 2022, 52(9): 42-47.

CHEN J X,BAO L J, LIU K, et al. Structural selection and design
of Shanghai Grand Opera[]]. Building Structure, 2022, 52(9) :
42-47 . (in Chinese)

W PER AR BE £ : GB/T 31387—2015[S]. L5t : v ik h A
#t,2015.

Reactive powder concrete: GB/T 31387—2015 [S]. Beijing:
Standards Press of China, 2015. (in Chinese)

Rk AR TR GE T JEARPERE 5 1030773« T/CBMF 37—2018 [S].
Jent: HEEFIMEBR S 2, 2018.

UHPC-based precast large—



60

PN S QRS )

2025 4F

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Fundamental characteristics and test methods of ultra-high
performance concrete: T/CBMF 37—2018 [S]. Beijing: China
Building Materials Association, 2018. (in Chinese)

MCS-EPFL. Ultra=high performance fibre reinforced cement
based (UHPFRC)

dimensioning and application [S]. Zurich: Switzerland Swiss

composites construction  material,
Federal Institute of Technology, 2016.

Design guide for precast UHPC waffle deck panel system,
including connections: FHWA-HIF-13-032 [S]. Washington,
US: Department of Transportation, 2013.

Design guidelines for RPC prestressed concrete beams [S].
Sydney: The University of New South Wales, 2000.

AFGC, SETRA. Ultra high performance fibre reinforced concretes
[S]. Paris: AFGC and SETRA Working Group, 2013.

SEAE ST i P B B 107 T B R BLERE < T/CECS 1216—2022
[S]. Abmt: i RS Tl A, 2022,

Technical specification for application of ultra high performance
concrete in building engineering: T/CECS 1216—2022 [S].
Beijing: China Architecture & Building Press, 2022. (in Chinese)
TR+ 5 F9 T HLE : GB 50010—2010[S]. dbnt: S T
Al A, 2010.

Code for design ofconcrete structures: GB 50010—2010 [S].
Beijing: China Architecture & Building Press, 2015. (in Chinese)
Standard Practice for Fabricating and Testing Specimens of Ultra—
High Performance Concrete: ASTM C1856/C1856M—17 [S].
West Conshohocken, PA: ASTM International,, 2017.

w0 BT, R A TOUN R R R R R SR I R
SEATLI]. BRRIE AR R 2440, 2013, 34(5) : 575-580.
MENG G, JIA J Q, WANG J Z. Study on flexural behavior of
prestressed ultra—high strength concrete beams [J]. Journal of
Harbin Engineering University, 2013, 34 (5) : 575-580. (in
Chinese)

TRUETE AR, F0UN ) e ML R R 2T 2R L 52 2 e g i
Bobtsel)]. AL, 2014,35(12) : 58-64.

XU H B,DENG Z C. Experimental research on flexural behavior of
prestressed ultra—high performance steel fiber concrete beams [J].
Journal of Building Structures, 2014, 35(12): 58—64. (in Chinese)
IRIC ARG, R, . A7 355 A Ay AR R - T S SR I A T 52
FIPEREIRIR IS [) ], HESRLEHIH,2011,32(6) : 125-134.
ZHENG W Z,LI L, LU S S. Experimental research on mechanical
performance of normal section of reinforced reactive powder
concrete beam[J]. Journal of Building Structures, 2011, 32(6) :
125-134. (in Chinese)

WL A, k. BN G MR A TR BE L 7 S 52 1
AR AT ]. BCDCHE TR #2741, 2014, 36(1) : 116-122.
CAO X,PENG J C,]JIN L Z. Experimental research on mechanical
performance of prestressed RPC beam [J]. Journal of Wuhan
University of Technology, 2014, 36(1): 116-122. (in Chinese)
FENG Z, LI C X, YOO D Y, et al.

behaviors of reinforced UHPC beams with various reinforcement

Flexural and cracking

ratios and fiber contents [J]. Engineering Structures, 2021, 248
113266.

YOO D Y,BANTHIA N,YOON Y S.
high—performance fiber-reinforced concrete beams reinforced with
GFRP and steel rebars [J].
246-262.

Flexural behavior of ultra—

Engineering Structures, 2016, 111:

[27]

(28]

[29]

[30]

[31]

[32]

[34]

[35]

[36]

[37]

[38]

[39]

BAE B 1,CHOI H K, CHOI C S. Flexural strength evaluation of
reinforced concrete members with ultra high performance concrete
[J]. Advances in Materials Science and Engineering, 2016,
2016(1):2815247.

KAHANJI C,ALI F,NADJAI A. Structural performance of ultra—
high—performance fiber—reinforced concrete beams [J]. Structural
Concrete,2017,18(2) :249-258.

CHEN S M, ZHANG R, JIA L J, et al.
rebar—reinforced ultra—high—performance concrete beams [J] .
Magazine of Concrete Research,2018,70(19):997-1015.
HASGUL U, TURKER K, BIROL T, et al.

ultra=high—performance fiber reinforced concrete beams with low

Flexural behaviour of

Flexural behavior of
and high reinforcement ratios [J]. Structural Concrete, 2018,
19(6) : 1577-1590.

SINGH M, SHEIKH A H, MOHAMED ALI M S, et al.
Experimental and numerical study of the flexural behaviour of
ultra-high performance fibre reinforced concrete beams [l
Construction and Building Materials,2017,138:12-25.

QI J N, WANG J Q,MA Z J. Flexural response of high—strength
steel—ultra—high—performance fiber reinforced concrete beams
based on a mesoscale constitutive model : experiment and theory
[J]. Structural Concrete,2018,19(3): 719-734.

QIU M, SHAO X, WILLE K, et al. Experimental investigation on
flexural behavior of reinforced ultra high performance concrete
low—profile T-beams [J]. International Journal of Concrete
Structures and Materials, 2020, 14(1) : 1-20.

XU, BOERSE, Sl A5 R AL e P RESR B TR B
PUSREII[T]. T RSB CHARBIEMD) , 2018, 46(6) :
744-750.

LIU C, HUANG Y H, MA R J, et al.
flexural capacity of high strain—hardening UHPC T-beams [J] .
Journal of Tongji University (Natural Science) , 2018, 46 (6) :
744-750. (in Chinese )

TURKER K, HASGUL U, BIROL T, et al.
flexural behavior of ultra high performance fiber reinforced
concrete beams[ J]. Composite Structures,2019,229:111400.
RANDL N, CSABA S, TAMAS M. Experimental investigations on
UHP (FR) C beams with high strength reinforcement [C ]/
RILEM-fib-AFGC Ultra-High
Performance Fibre—Reinforced Concrete. France: RILEM, 2013.
RO, TEME IR A5 IO M RE TR B B 2 A e
HRENWIFELI]. TRII,2019,36(5):110-119.

LIANG X W, WANG P,XU M X, et al. Investigation on flexurel
capacily of reninforced ultra high performance concrete beams[J] .
Engineering Mechanics,2019,36(5) : 110-119. (in Chinese )
PRGN AR, B A A e T RE TR B SR T
A BT HTITIEL) ] oA, 2017,37(6):99-105.

SUJ Z,FU Y F, HUANG Q W, et al.
element analysis of reinforced ultra—high performance concrete
beams|[J]. Journal of China & Foreign Highway, 2017, 37 (6):
99-105. (in Chinese )

W, ik, WO ) v RE TR BE LR R B RENT L[]
o A 2741, 2009, 22(1) : 39-46.

YANG J,FANG Z. Research on flexural behaviors of prestressed
ultra high performance concrete beams [J] .
Highway and Transport,2009,22(1) :39-46. (in Chinese)

Calculation method for

Hybrid fiber use on

International Symposium on

Bending test and finite

China Journal of



