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/] ABSTRACT /

In this study, the effectiveness of a multi-action hybrid damper (MHD) composed of lead rubber bearing (LRB) and friction pad was verified
in terms of seismic performance improvement of a frame structure. The LRB and the friction elements are connected in series, so the LRB
governs the intial small deformation and the friction determines large deformation behavior. Cyclic loading tests were conducted by using
a half scale steel frame structure with the MHD, and the results indicated that the structure became to have the stable trilinear hysteresis
with large initial stiffness and first yielding due to the LRB, and the second yielding due to the friction. The MHD could significantly increase
the energy dissipation capacity of the structure and the hysteresis curves obtained by tests were almost identical to the analytically

estimated ones.
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Fig. 1. Hysteresis of the MHD
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Table 1. Slip Load and yield strength of structure according to the number of bolts and tightening torque

The Tightening . . Slip Load (kN) Slip . Yield Strength of Structure (kN)
Tension Slip Load Deformation
number of Torque per Bolt per Bolt of
H_'gh_ per Bolt (kN) (kN) Calculated | Experiment Error Rate Structure | Calculated | Experiment Error Rate
tensile Bolt| (N -m) (%) (%)
(mm)
4 40 13.9 15.3 61.3 63.1 2.95 8.2 142.8 139.0 2.65
4 60 20.9 23.0 91.9 88.1 418 10.8 2071 197.8 4.50
4 80 279 30.6 122.6 120.1 2.03 14.0 273.8 260.3 4.95
6 40 13.9 15.3 91.9 95.8 4.20 12.7 215.6 221.7 2.82
8 40 13.9 16.3 122.6 128 4.41 17.4 290.8 290.5 0.12
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Table 2. Comparison of calculated and experimental slip loads of the MHD
i i Slip Load (kN)
Step The numt?er of Tightening Torque Error Rate (%)
High—tensile Bolt per Bolt (N - m) Calculated Experiment
4 40 61.3 59.8 25
4 4 60 91.9 - -
8 40 122.6 - -
4 40 61.3 61.8 0.9
5 4 60 91.9 96.0 44
8 40 122.6 - -
4 40 61.3 58.6 45
6 4 60 91.9 96.8 53
8 40 122.6 119.7 24
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Table 3. Comparison of calculated and analytical stiffness of a

structure
Unit : kKN/mm Initial Stiffness Second Stiffness
Brace 161.1 161.1
LRB 250 6.25
Friction 400 400
MHD System 20.5 59
Structural Calculated 334 13.2
Stiffness Analysis 31.0 144

Table 4. Variation of strain energy due to the MHD

Force (kN) Strain energy (kN.m)

Deformation ™ MHD | MHD | _ MHD | MHD
of S(::;:;ure c::fr::‘:' (4bolt | (6bolt ?:fr:‘:' (4bolt | (6bolt
40N.m) | 40N.m) 40N.m) | 40N.m)

10 50 | 316 | 316 | 25 | 158 | 158

50 250 | 942 | 942 | 625 | 2681 | 268.1
10.0 500 | 154.9 | 1673 | 250 | 9064 | 913.1
15.0 750 | 180.9 | 2335 | 5625 | 17457 | 1922.4
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