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Experiment study on seismic performance of prefabricated
frame structure with viscous damper
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(1. Shanghai Nuclear Engineering Research & Design Institute Co., Lid., Shanghai 200233, China;
2. School of Mechanics and Engineering Science, Shanghai University, Shanghai 200444, China)

Abstract; A fully precast concrete energy-dissipation frame structure is proposed. It adopts straight threaded sleeve
connections and employs viscous dampers to enhance its overall seismic performance. To investigate the seismic
performance of the proposed precast concrete energy-dissipation frame structure, pseudo-dynamic tests were carried
out on a precast concrete energy-dissipation frame specimen and a precast frame specimen. The research focused on
the failure modes, plastic hinge development, hysteretic behaviors, stiffness degradation, ductility, and energy
dissipation capacities of the frame specimens. The results indicate that both the precast frame specimens with and
without viscous dampers experienced flexural-shear failure, with the damage concentrated near the mid-height of the
column joint. Compared with the precast frame without a damper, the precast energy-dissipation framework
exhibited a 97% increase in positive ultimate bearing capacity and an 82% increase in negative ultimate bearing
capacity. The energy dissipation capacity and stiffness were also significantly improved. Considering the stress state
of the framework, the precast framework columns are in a pure shear state at mid-height, which requires high shear
resistance and is prone to brittle failure. Therefore, it is recommended to strengthen the shear resistance of the mid-
height connection joints, improve the construction quality, and ensure the gripping force of the connection parts.
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Fig. 1 Novel precast frame structure system
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Fig.2 Reinforcement of the specimens
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Table 2 Mechanical properties of steel rebars

LR HA/mm Jif iR B/ MPa BLhrsR B/ MPa W S/ %
HRB400 10 426 609 23.0

12 426 579 23.5

20 439 596 20.6

22 445 608 20.8

®3I HGHERERAFERE

Table 3 Mechanical properties of the viscous damper

FHIE &%k €/ (KN - (s/m)%?) B FEEK o e KBAJE H 1 /kN T KN 24/ mm/s KM EATR/ mm
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Fig.3 Hysteretic curves of the viscous damper
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Table 4 Loading condition

T A/ mm i/ He H&{E/ mm A%/ He, Wi B/ mm B/ He
1 01 02 03 05 1.0 22 01 02 03 05 — 50 01 02 — — —
2 01 02 03 05 1.0 26 01 02 03 — — 54 01 02 — — —
4 01 02 03 05 1.0 30 01 02 03 — — 58 01 02 — — —
6 01 02 03 05 — 34 01 02 03 — — 62 01 02 — — —
10 01 02 03 05 — 38 01 02 — — — 66 01 02 — — —
14 01 02 03 05 — 42 01 02 — — — 70 01 02 — — —
18 01 02 03 05 — 46 01 02 — — — 74 01 02 — — —
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Fig.4 Failure modes of the specimens
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Fig.5 Plastic hinge length and the development of plasticity
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Fig.7 Hysteretic curves of the specimens under different frequencies and the same displacement
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Fig.8 Stiffness degradation of the specimens
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Table 6 Displacement and ductility of the specimens

KRS e J IR A7 4%/ mm IR F%/ mm HEME R AL e BR A £ FHIE
PCF e[ 20.68 44.29 2.14 1/45 2.01
1] -24.74 -46.71 1.89 1/45
PCFV 1] 16.90 37.27 2.21 1/55 1.99
1177 21.45 38.19 1.78 1/51
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Fig.9 Energy dissipation and equivalent viscous damping ratio of the specimens
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Fig. 11  Stress diagram of the frame
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