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Seismic Performance Analysis of Viscous Artificial Controllable
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ABSTRACT: A prefabricated viscous artificial controllable plastic hinge with bending shear de-
coupling characteristics was designed to satisfy the demand for replaceable and repairable structur—
al functions in the construction industry. A hinge device was installed on precast RC (Reinforced
Concrete) frame beams to achieve performance control of the frame structure. Using the ABAQUS
finite element software for variable—amplitude low—cycle reciprocating loading, 13 model speci—
mens were created to investigate the influence of factors such as the energy—dissipation steel plate
thickness, rubber plate thickness, hinge connection length, and weakening rate of the energy—dis—
sipation system cross—section on the bearing capacity, stiffness, ductility, and energy—dissipation

performance of the viscous artificial plastic hinge. The results indicate that the viscous artificial
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plastic hinge had excellent hysteresis performance, the rubber plates effectively delay the buckling
deformation and plastic development of the energy dissipation plate, and the ductility factors of all
the 13 specimens exceed 13. The thickness of the energy—dissipation steel plate significantly en-
hances the bearing capacity and energy dissipation of the hinge connection, whereas the increase
in the rubber plate thickness has limited effects on the seismic performance of the viscous artificial
plastic hinge. It is recommended that the thickness ratio of the rubber plate to the energy steel
plate be set at 2.5. To balance the effective load—bearing and damage concentration functions of
the artificially—controllable plastic hinge, the cross—section weakening rate of the energy-—dissipa-
tion plate should not exceed 50%. The thickness of the energy—dissipation steel plate and the
length of the hinge connection can effectively improve the stiffness of the hinge connection, which
can be coordinated and designed according to the structural performance requirements.

KEYWORDS: replaceable plastic hinge; finite element analysis; bend shear decoupling; vis—

cous artificial controllable plastic hinge; seismic performance
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Fig.1 Configuration of viscous artificial controllable

plastic hinge
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Fig.2 Schematic diagram of force mechanism for

viscous artificial controllable plastic hinge
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Table 2 Rubber plate material parameters
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e DS D VAN Ve P D VN Ve 2 VN Vewr B o
mm mm mm
4,00 4177 88.00 4936 88.00 4936 22.00
290-3-20-0 440 44.64 88.00 49.69 88.00 49.69 2017
480 4751 88.00 50,01 88.00 50,01 1833
5.62 95.54 16.00 107.40 92.00 90.01 1637
290-6-20-0 5.67 96.05 16.00 107.61 92.00 9147 1623
572 96.56 16.00 107.84 92.00 92.92 16.08
6.82 15111 14.00 170.22 88.00 140.06 12.90
290-9-20-0 6.70 150.15 15.00 17097 90.00 138.77 13.45
6.57 149.18 16.00 17171 92.00 137.47 14.00
423 75.98 7.1 79.04 92.00 67.78 21.75
290-6-5-0 424 75.97 7.50 79.81 92.00 68.86 2170
425 75.96 7.89 80.58 92.00 69.93 2165
428 76.59 6.00 82.62 92.00 70.04 2150
290-6-10-0 456 79.43 7.00 §7.12 90.00 73.72 19.86
483 8227 8.00 91.61 88.00 7739 18.22
533 91.03 6.00 9335 92.00 78.06 1726
290-6-15-0 543 90.84 6.00 95.20 92.00 79.15 1695
5.53 90.65 6.00 97.05 92.00 80.24 16.64
4.09 9128 480 95.71 92.00 80,37 22,49
250-6-5-0 439 92.44 10.40 100.78 92.00 81.15 21.06
4.69 93.59 16.00 105.85 92.00 81.92 19.62
456 106.96 10.00 12,62 92.00 91.80 2018
200-6-5-0 425 105.97 10.00 112.89 92.00 93.43 2180
3.93 104.98 10.00 113.16 92.00 95.06 2341
3.60 7136 3.60 7736 88.00 63.27 24.44
290-6-5-25 37 7445 420 77.71 88.00 63.01 2371
383 7154 480 78.06 88.00 62.75 22,98
420 55.70 6.00 60.84 88.00 53.86 2095
290-6-5-50 4.08 55.37 6.00 60.33 88.00 52.49 2162
3.95 55.04 6.00 59.81 88.00 5112 2.8
647 36.34 12.00 4394 88.00 35.91 13.60
290-6-5-75 6.52 35.65 14.00 4311 88.00 35.17 1351
6.56 34.96 16.00 027 88.00 34.43 1341
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