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Study on Seismic Performance of Precast Beam-column Joints of
Steel Fiber Reinforced Cast-in-place Connection

LIANG Shan

( China Railway 18th Bureaw Group Third Engineering Co., Lid., Zhuozhou, Hebei 072750, China)

Abstract ; Based on the Nanshan Bridge Project in Hunan Province, the influence of steel fiber reinforced
concrete on the seismic performance of joints in cast-in-place areas is studied through three equal
proportion external precast concrete beam-column joints. The joints are composed of precast columns with
corbels, U-shaped open precast beams, and post-pouring fiber reinforced concrete. The volume content
of steel fiber in cast-in-place concrete is 0, 0.5%, and 1%, respectively. The vertical quasi-static load
was applied to the beam end in the test. The results indicate that the ultimate bearing capacity of the joint
can be improved by adding steel fiber to the cast-in-place concrete, the energy dissipation can be
increased by 17.7%, and the stiffness of the joint can be significantly enhanced. The steel fiber
effectively delays the occurrence of cracks and inhibits their expansion, so that the crack length in the
core area of the joint is significantly shortened, showing obvious deflection hardening characteristics,

which is consistent with the conclusion of the material test. The test results indicate that the connection

structure is simple in construction and has good seismic performance.
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Fig.1 Layout of reinforcement arrangement for beam-

column joint specimen
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Table 1 Mechanical properties of reinforcing steel

553 Je IR R s
Hi&/mm W/ MPa R/ MPa Witg/GPa
8 512 648 202
10 508 635 201
12 505 630 199
16 515 655 203

2.2 RHEE

TR VE 2 e i B 5 2% S Pt Toad 2, 1 5E
FETHIAE R B U R — v & TR, 5 —
WEIRET S 7, SR JE 761 S X GR L4 3 B Y\



2026 No.7

2Ll AN LT 2 5 PG 1A 5 U AT Y s DR PR RERT IE 149

®2 WAHMERERSE

Table 2 Steel fiber performance parameters

I H EdE
K l¢/mm 35
HA% dp/mm 0.55
K&t (17 dy) 63.6
YUPL5E E/ MPa 1345

PR K/ MPa 210 000

F3 THAERIEEREDBAMBIESLL
Table 3 Material mix proportions for precast

components and cast-in-place joints

P2 EIZE  P3EAE P4 AP
kN BRI oty st bl
BBl (kgem™) 1000.55 1028.40 1028.40 1 028.40
ERL (kgem™)  818.63  685.60  685.60  685.60
KV (kgem™) 335.82  441.00  441.00  441.00
K/ (kg-m™) 208 210 213 213
WAL/ (kg-m™) — — 39.25 78. 50
KK (w/e) 0. 62 0.47 0.52 0.52
YI% B/ mm 150 140 125 85
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Fig.2 Test loading device
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Fig.3 Loading protocol for low-cyclic

N

reversed loading test
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Table 4 Test result of compressive strength, modulus

of elasticity, and modulus of rupture

o ERUE R SR
WEE/MPa  fIE/GPa g/ MPa
ol 40.95 30. 697 4.03
P2 oA 55.87 28. 940 5.42
IRIREE+ 50. 86 31.518 5.99
ol 36. 82 30. 461 5.36
P3 fiiilas 42.83 28. 009 5.21
WRIREE T 47.36 33.782 6.06
ol 50. 58 31.304 5.88
P4 Tl AE 51.35 29. 841 5.65
WDETRBE - 60. 26 42.679 7.76
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Table 5 Comparison of the mechanical properties of the

CIP-concrete of the PCBC specimens

e V= V= V= 5V =0 LMK E %
0 0.5% 1.0% V;=0.5% V,=1.0%
;;f&i 50.860 47.360 60.260 6. 88 18. 48
;{jgjiﬁ 31.518 33.782 42.679 7.18 35.41
ﬁggjﬁpa 5.990  6.060 7.760 1.17 29.55
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Fig. 4 Failure mode of flexural prism specimens

A AT 56 Hh A 41 A X A 288 B O AR B R )
WE S fiw, mE S al, FZiREE+ (V,=0) RIH
MR b A, A0 28 RS R B, Ho R 24 ey kB
MR, M2 T, T P3 fil P4 BLDSE E Y
LT AR TR B - PERE T AL P4 F (V, = 1%) BYf 2% -
PR WoR , TP 245 7 SR AT R 3 K 3k B0 (E
J bt B B 0 3 ini 222 R B P3 il (v, =
0. 5% ) 14 il £ T 2 B0 Ay F 24 Ji5 1o 3% B 1% 138 3 K 3%
REAR, PN 4E 45 5 0 B 2T SR TR BE 1+ 35 R B
T RIRE LA,

2571
L2200 Wi
2151
iz
ﬁ‘gj S
0 I 2 3 4
HaF /mm
w0 a WA P2 (7:=0)
— 1%READ
sty 1R
Z30' —0.5%E A1
< —0.5%READ
R20
R 2 %
0 1 2 3 4 5 6
Ha /mm

b W P3 (Vr = 0.5%)F1P4 (Vr = 1%)

5 IRSERREDREE T ROt - il 2
Fig.5 Prismatic load-deflection curve for

cast-in-place concrete at joints
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Fig. 6 Load-deflection hysteresis curve of
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Fig.7 Crack pattern in the joint core
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Fig. 8 Cumulative energy dissipation of precast concrete

beam-column specimens
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Fig.9 normalized energy dissipation of precast

concrete beam-column specimens
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Fig. 10 Secant stiffness degradation of precast

concrete beam-column specimens
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