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Experiment on Static Behavior of
Segmental Precast PC Cap Beam
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Abstract: In order to investigate the static performances

of segmental prefabricated large-cantilevered PC cap
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beams with different epoxy joints under the combined
action of bending and shear internal forces, an integral
precast large-cantilevered PC cap beam model and 3
segmental prefabricated large-cantilevered PC cap beam
models with large key teeth, small key teeth and corbel
joints respectively (the scale of each model is 1:5) were
designed and manufactured based on a practical
engineering. The full-process static loading tests of the
four models were conducted, and the key results such as
cracking loads, ultimate load capacities, distributions of
concrete strains, deflections, and maximum crack widths
of the cap beams were obtained. The test results show
that: the

prefabricated models are basically the same as that of the

crack distributions of the segmental
integral prefabricated model, and cracks in the cap beams
of all test models are sparse and wide during failure; the
failure modes of all test models are flexural failure; the
cracking load of the cap beam model with large key teeth
or corbel joint is the same as that of the integral cap beam
model, while the cracking load of the cap beam model
with small key teeth joint is only 81% of that of the integral
cap beam model; the ultimate bearing capacities of the
cap beam models with different epoxy joints are
significantly lower than that of the integral cap beam
model; among segmental precast models, the ultimate
bearing capacity of the cap beam model with corbel joint
is the largest, which is about 84% of that of the integral
cap beam model; in terms of ultimate deformation
capacity, the ultimate displacement of the cap beam
model with corbel joint reaches 75% of that of the integral
cap beam model, while the ultimate displacement of the
model with large or small key teeth joint is lower than 50%
of the integral cap beam model. From the test results of
static performances and construction performance, the
corbel joint is reasonable

a more epoxy joint

recommended for segmental prefabricated large-
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cantilevered PC cap beams.

Key words: Urban bridge; Segmental precast;
Prestressed concrete cap beam; Epoxy joint; Cracking

load; Ultimate bearing capacity
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Fig.1 Structural dimensions and reinforcements of test models (unit: mm)
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Fig.2 Layout of prestressed reinforcement
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Fig.3 Schematic diagram of test setup
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Fig.5 Crack distribution and failure mode
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Fig.11 Comparison of load-displacement curves between numerical and test results



5% 12

LR, A S BR TRDFRE TN, R e L 55 2 ) MERe 10 1759

R S A PR BT Ik, HOR 387 DR e 42 4 i 52
P DCTRE - 448 T P ANBE BE B B I A bR e
TR, SFEOURRAIERE 1 8eE . NI, P e e ag

PP 2B 1o 2538 A A ) 2 5 e, T S 42 % 4 A0 9 75
SBT3 5 R, IR A o BT D 2
PC 5 RS HVERE A E 2

=400

a=1526

i

6=1655
| e

A

B =

o,=1527 o,=1527

— >

=1 644 oy=1 f43
! e >

=33

a ZTORRY

b DI

0.=30.5
¢ XI2HE7

E12 RRETHIER TRIZEHEIERN /5% (8 4:MPa)

Fig.12 Normal stress distribution of epoxy joint section under ultimate load (unit: MPa)

4 R

AR SCE 3 4 A T R BVE PC 3 AR A 37 )
PERERIRIR AT 5T AR B AN T FEELES

(1) RV /NGOG A R e A b s 1) o B Tt
il PR ICRRE PC 3 AR SRR T A EE PC 26 4
TR () L S AT S FEA AR ] B B A SR 4% e A
i , 455 e R, HERIE 38 B iR

(2) SR T 35 DA TRAR L, /B Al Pk 55 42
BT e F 5 S FRE 5 91T, BRI e i e b 37
Fr DXIREE L350 008 (H e A R A By VIl
o P vm A2 A A28 1) 308 A S P e 2 e, 3 I
FLAE W NRLRE 1= A2 P IX A TN 7 5, I e o
BETHI DR PC 75 P25 F 1 BE AY B 24 it

(3) R FH AT RN A R A 38 1 o3 B T F
e i GASUIRN P o 28y 280 5 A AR T ) 2 SRR ] i
R NS A AR 15 1) B i e 5 SR PR 2
BN s, HIF R4 4N B A T o5 R 11 8104
SFSZBR T AR, e it T 2 (R B T P
KA PC 55 A5 VERR I 25T

(4) 5 AT 55 G RUAR LL , 7 B D 55 22
AR R AR ) AR IE B YW Ak, ook
FHA-BR AT AR 10 53 B ] 2 i AR P i B i
AL RE T TR, 53 20 e A 2 SRR 11 84 94 11
75%.

(5) NDHEME T , A BR At R
Prag , BAETIRMIPNE M IEREZE ), [RINEDHE R i
AR R SZ 5, A R RRAR T e T B Rt T AU

CRATE T AERE LA HITERE , A BRARAE M I JEAHE 2R
FH B TR R PC 35 05 P44 1

ARSI PEREIREEAT 2 EIREEE , 1 R % &
o3 BT DR PC S 2 TRV RE LA N e et
(R 57 RE AN AP RE RS , 3 26 (R RORE A8 S5
AT

{EZ STk A -
LR A S T AR M2l R, SCRHR S Bk
FRF S HWURITESAREI T, LIRS ;
IMEFF - STl il S I 45 2R 2T 5
H R S 5807 SIRIE, R Bt TR S B0 UORH
M : 2 5 SR IE, S TR ST ROR
HORT 2 - 2 57 SEIE, 35 Sl

S 3Lk

[1] CULMO M P, MARSH L, STANTON J. Recommended
AASHTO guide specifications for ABC design and construction
[M]. Washington D C: The National Academies Press, 2018.

(2] Tillfsit, “R%, BXRH . PR AR TE IR T ). P A i
1, 2018, 31(12): 1.
XIANG Yiqiang, ZHU Sheng, ZHAO Yang. Research and
development on accelerated bridge construction technology [J].
China Journal of Highway and Transport, 2018, 31(12): 1.

[3]  FEaER, XSMRME, FA0E . Bt BRHRs A B A s 2 R
THARLI G TAAR, 2013, 42(12): 8.
PEI Zhihui, DENG Junye, WANG Junhui. Construction
technology for steel cap beam in some new railway crossing the
running railway [ J ]. Construction Technology, 2013, 42(12): 8.

(4] BASCHS . RRERFRE T LB ki i A BB AR WS [T ). 8k
EARERTT, 2015, 59(4): 58.



1760

6] 5% K 2 2 (A 4K BE 2 B

% 50 %

(8]

(9]

[10]

[11]

[12]

[13]

ZHAO Wenpin. The application of key technologies to over-
crossing railway viaduct in special environment [J]. Railway
Standard Design, 2015, 59(4): 58.

WHERS , A . Pt AN S T RAEAC UL R A
TR EN I LT]. ReRhalte, 2019, 36(4): 77.

XU Yanling, LI Jianlong. Applications of quick construction steel
cover beam scheme in Beijing new airport expressway project[J ].
Special Structures, 2019, 36(4): 77.

RN, W, WP, A ORI ) UHPC jHiRE o 22
ravERensgn s (1], LA, 2020, 53(2): 92.
LI Lifeng, YE Meng, HU Fangjian, ez al. Experimental study on
the flexural behavior of a prefabricated large-cantilevered
prestressed  UHPC  thin-walled bent cap [J]. China Civil
Engineering Journal, 2020, 53(2): 92.

AL, G R, ST, A TR ) UHPC HEER:
RHUHITEREIARRLT]. PEA R, 2020, 33(8): 144.

LI Lifeng, TANG Jinliang, HU Fangjian, ez a/. Experimental on
shear behavior of prefabricated light weight thin-walled UHPC bent
cap [J]. China Journal of Highway and Transport, 2020, 33
(8): 144.

YE Meng, LI Lifeng, HU Fangjian, et a/. Flexural behavior of
a fully prefabricated lightweight UHPC bent cap[J]. Journal of
Bridge Engineering, 2020, 25(10) : 04020085.

[ TUATS . A e PR B TR 5E - (UHPC ) Tl %5 it 35 821530 e [ 7.
TR TR, 2019, 44(2): 43.

CHEN Weiwei. Design analysis of prefabricated cover beam of
ultra-high performance concrete (UHPC) [J]. China Municipal
Engineering, 2019, 44(2): 43.

i, ERtE, PNV, % UHPCB5E-RC A 22 itk
AEIIO RS [T ). A i, 2021, 34(8): 157.

LI Jiawei, XIA Zhanghua, SUN Mingsong, ez al. Experimental
study on mechanical performance of UHPC formwork-RC
composite cap beam|[J]. China Journal of Highway and Transport,
2021, 34(8): 157.

WA, MEE, PR, 5 BURIDER 06 T 07200 e
[J]. BEFE AR, 2018, 18(1): 56.

GE Jiping, MEI Delei, YAN Xingfei, ez al. Comparison and
analysis of construction method of precast pier cap[J]. Journal of
Technology, 2018, 18(1): 56.

LE T D, PHAM T M, HAO H, et al. Flexural behaviour of
precast segmental concrete beams internally prestressed with
unbonded CFRP tendons under four-point loading[ J]. Engineering
Structures, 2018, 168(8): 371.

LE T D, PHAM T M, HAO H, et al. Performance of precast
segmental concrete beams posttensioned with carbon fiber-
reinforced polymer (CFRP) tendons[J]. Composite Structures,
2019, 208(1): 56.

[14]

[16]

(18]

[19]

[20]

[21]

[22]

LE T D, PHAM T M, HAO H, et al. Behavior of precast
segmental concrete beams prestressed with external steel and
CFRP tendons[J . Journal of Composites for Construction, 2020,
24(5): 1.

WRAYOSH W A, HASHIM A H. Flexural behaviours of box
segmental beams with internal tendons subjected to repeated and
static loads[J]. TOP Conference Series: Materials Science and
Engineering, 2019, 671(1): 012109.

LI G P, YANG D H, LEI Y. Combined shear and bending
behavior of joints in precast concrete segmental beams with
external tendons[J]. Journal of Bridge Engineering, 2013, 18(10):
1042.

T, ORI, B, S5 B ICRESS TN IR B 1 S
AN [T]. S5 TARN, 1999(1): 29.

XU Dong, XIANG Haifan, HUANG Dingye, et a/. Model test
of segmental concrete coping with unbonded prestressing stands
[J]. Structural Engineer, 1999(1): 29.

ERE, BARE, Tikag, 5 BN o BO iR+
FEHUEMEREITAE (] hETWECTRR, 2019 (4): 72.

YAN Xingfei, GE Jiping, WANG Zhiqiang, ez a/. Study on
flexural behavior of assembled large cantilever segmented
prestressing concrete cap beam[J]. China Municipal Engineering,
2019 (4): 72.

YPRIHT, 42T SRR AR T 2 2RI R L e e
HARBIFELT]. PETBCT AR, 2017(3): 16.

SHA Lixin, LI Guoping. Research on key technologies of inverted
T pier cap prefabricated design of typical urban viaduct[J]. China
Municipal Engineering, 2017 (3): 16.

PR RILFN I S . A PR AE BN N . e
FLAESEAS: JT/T 329-20100S . 4bat: ANRBSE HikE:, 2011.
Ministry of Transport of the People’s Republic of China.
Prestressing strand anchorage, grip and coupler for highway
bridge: JT/T 329-2010 [S]. Beijing: China Communications
Press, 2011.

rhe N PRI T BRI £ A . TN TR BE 1 42 s g A
A JG/T 225-20200S J. Jbat: S Toll R, 2020.
Ministry of Housing and Urban-Rural Development of the People’s
Republic of China. Corrugated metal ducts for prestressed
concrete: JG/T 225-2020[S]. Beijing: China Planning Press,
2020.

A N BRSEAIEE B A & BEBER . IREE L 4 ik ik
GB/T 50152-2012[S]. bt dE SR Tl 1 ek, 2012.
Ministry of Housing and Urban-Rural Development of the People’s
Republic of China. Standard for test method of concrete
structures: GB/T 50152-2012[S]. Beijing: China Planning Press,
2012.



