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Abstract: Prefabricated bridge piers are widely adopted for their high construction efficiency and environmental
benefits. However, complex terrain and restricted construction space in mountainous regions severely constrain
the transportation and hoisting of large precast segments. To address this, a three-segment precast segmental
pier system utilizing a hybrid connection of “grouted sleeves and prestressed tendons” (PSC-GSPT) is
proposed. Relying on the Chongqing North Ring Interchange Renovation Project, 1:5 scale specimens were
fabricated. Quasi-static tests compared the seismic performance of PSC-GSPT and a cast-in-place (CIP) pier,
followed by numerical simulations analyzing the influence of prestressing parameters. Results indicate that, due
to the addition of unbonded prestressed tendons, the PSC-GSPT exhibited increases of 28.6% in peak load,
41.3% in ultimate displacement, and 20.7% in displacement ductility compared to the CIP pier. Despite a
slightly lower equivalent viscous damping ratio, cumulative energy dissipation increased by 27 % , accompanied
by significantly smaller residual displacement and good post-earthquake recoverability. Parametric analysis
suggests that to prevent premature yielding and ensure ductility, a central layout for prestressed tendons is
preferred, with the initial prestress level controlled within 30% to 50%. The study confirms that PSC-GSPT
possesses excellent seismic performance, meets requirements for seismic fortification zones, and holds
significant engineering application value.

Keywords: precast segmental bridge pier; grouted sleeve; prestressed tendon; hybrid connection; seismic

performance
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connections
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Table 1 Measured mechanical properties of main materials
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Table 2 Strength and deformation characteristics of specimens
A +4, +P, +A4, +P, —A, —P, —A, —P, p
CIP 15.2 97.6 77.2 115.7 -14.1 -93.1 -82.1 -114.8 5.45
PSC-GSPT 17.3 129.6 112.1 150.7 -16.9 -128.5 -113 -145.8 6.58
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Table 3 Comparison of seismic performance parameters of PSC-GSPT specimen
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Table 4 Numerical simulation cases and calculation results
A TN F1 /% [ E HeA B R P, A, A, u PR e
PSC-GSPT 30 0.54 o 142.2 17.1 120 7.02 0

Al 50 0.54 E2TIN 148.9 17.4 117.1 6.73 -4.13
A2 70 0.54 s 153.5 18.1 116.6 6. 44 -8. 26
Bl 30 0.324 (SRR 137.6 16.8 119.8 7.13 +1.57
B2 30 0.76 SRR 146. 6 17.5 119.1 6.81 -3.00
C1 30 0.54 PIE S 141.5 16.9 100.1 5.92 -15.6
C2 30 0.54 A&+ Ha 140. 6 16.9 94.3 5.59 -20.4
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