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Abstract:

concrete composite beams

Currently, when prefabricating reinforced

in factories, the upper
longitudinal bars are typically not directly tied into the
rebar cage. Instead, the upper longitudinal bars are
passed through the cage and tied on-site, which makes
the construction process more difficult and less efficient.
To address this issue, this paper proposed a connection
design where the upper longitudinal bars were directly

placed above the hoop and tied. Two types of hoops were
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designed: one with a groove and one without. Bending
tests were conducted on cast-in-place beams, traditional
prefabricated composite beams, and the novel
prefabricated composite beams with externally placed
all of which had

grades, and

upper longitudinal bars, identical

dimensions, concrete reinforcement
configurations. Numerical simulations of the tests were
performed using ABAQUS software to investigate the
influence of the new tying method on the mechanical
properties of the beams. The results indicate that the
novel prefabricated composite beams exhibit similar load-
bearing capacity to traditional prefabricated composite
beams, slightly lower than that of cast-in-place beams.
This suggests that the proposed method of tying the upper
longitudinal bars is safe and reliable, with promising

potential for practical application in engineering.

Keywords: prefabricated composite beam; externally placed

longitudinal bars; ABAQUS; ultimate bearing capacity
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Fig. 1 Reinforcement of beam section (unit: mm)
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Fig. 2 Binding method for compression steel bar
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Tab.1 Basic information of specimens
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Fig. 3 Measuring point “TS”

DL 0 sl A B 37 P N A 1) 07 AR 5 T A R 1 7 32
P S 7E B 1577 JEC B X B A B 6 AR R, EAR A
BAEWE AR BRI GE T P 5
Ak WA B IR | DR IS S e it v A
=AMkt
1.3 FEudie

AR50 R FH Y s 2 g 2 i 2% 0y =X, g
EEINE SR, GB/T 50152—2012 TR 5t + 45 1
RIS IR FE IR IR AR FH 7 2 i 2 g
— 2 i R 23 KN i 4 i R e r RS 4 il fin 2k
— G s TR [ g 20 mm R K BERY 1/300) ; 4k
I O B A 1 O M AT B A B IR AR B
GB50010—2010¢TE&E - Z5 B T HRLTE ) Hrokl OG22
SRARHNE R R A IR B AR BRIR A

[ ST St I i
5 == == = - == - =+
T =) - - oI T I = T
! <o < | Fss S EISLET S16 Se—]
a ZHi b 4837 R\
1 | L ]l
| || |
= - - - - - - =~ - ' n - ' »
i r Y i
s ~ et =1 | — . L
I ST R b TSI T STO oS I ST TSt TS S
c [AIRA—A4 d [T 1575
B4 WPHRTHUE

Fig. 4 Location of longitudinal reinforcement strain gauge
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Fig. 5 Experimental setup (unit: mm)
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Fig. 7 Load-strain curve of each specimen
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Fig. 8 Load-displacement curve of each specimen
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Tab. 2 Each bearing capacity of the specimen

v }I{I\{ PFEEH: F,/ kN *EEH: F./kN *EE Lt
XL—1 47.2 1.000 231.4 1.000 260.9  1.000
XL—2 46.5 0.985 234.1 1.012 266.7 1.022

YLC—1 49.1 1.040 221.4  0.957 242.2  0.928

YLC—2 45 0.953 229.5  0.992 258.8  0.992

YLD—1 48.4 1.025 228.8 0.989 243.4  0.933

YLD—2 44.7 0.947 227.1 0.981 245.8  0.942

YLD—3 46 0.975 206.7 0.893 226.9  0.870

YLD—4 46.8 0.992 226.7 0.980 242.5  0.929

YLD—5 48 1.017 231.1  0.999 253.4  0.971

YLD—6 44.5 0.943 225.1  0.973 236.5  0.906

YLW—1 45.8 0.970 220 0.951 242.3  0.929

YLW—3 53.2 1.127 244.8 1.058 281.9 1.080

MPa, HLf,= 2.01 MPa, ABAQUS H % F % Pk 46
PR AR AR G SCR ™, TREE R K A B 30° , fi
RO, 77 45 WUl Fe 4 et AR 75 0 2 Bl P 4 1)
Z LA 1016, 58 0 ) AN R 2/3, Rl R A0,
AR R T PRI 2R AR S AR AR T 4
PERIAF PRI 4, XA SR A B T HE = 2. 06X
10° MPa, Jit il 5% £ 7] B £, = 400 MPa, #% FR 1 57 5%
J¥ f.= 560 MPa,
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LA 55 mm 5 A B, AR TR [ 11 A% R
(AT R AN 9 B 7S o
3.3 HAITIEBUK MEXI4

TRBE 4 AR = 4k 521k 55T C3D8R i
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Fig. 10 Stress distribution of concrete
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Fig. 11 Stress distribution of steel bars
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Tab.3 Comparison of test and numerical simulation results
N e F./kN HXTRZE/ Vo F,/kN HXT IR/ Yo F,/kN AHXF R/ %
XL—1 47.2 —5.2 231.4 0.7 260.9 2.0
XL—2 46.5 —6.6 234.1 1.9 266.7 4.3
XL—FEA 49.8 0 229.8 0 255.8 0
YLC—1 49.1 18.9 221.4 —2.4 242.2 —3.9
YLC—2 45.0 9.0 229.5 1.2 258.8 2.7
YLC—FEA 41.3 0 226.8 0 251.9 0
YLD—1 48.4 15.5 228.8 1.1 243.4 —3.7
YLD—2 44.7 6.7 227.1 0.3 245.8 —2.7
YLD—FEA 41.9 0 226.4 0 252.7 0
YLD—3 46.0 9.8 206.7 —8.7 226.9 —10.2
YLD—4 46. 8 11.7 226.7 0.1 242.5 —4.0
YLD—FEA 41.9 0 226.4 0 252.7 0
YLD—5 48.0 14.6 231.1 2.1 253.4 0.3
YLD—6 44.5 6.2 225.1 —0.6 236.5 —6.4
YLD—FEA 41.9 0 226.4 0 252.7 0
YLW—1 45.8 11.7 220.0 —2.9 242.3 —3.4
YLW—2 53.2 29.8 244.8 8.1 281.9 12.4
YLW—FEA 41.0 0 226.5 0 250.9 0
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