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A Study on Complement of the Design and Analysis Procedures of
Friction Pendulum System
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Abstract  Although friction pendulum system has various advantages it is difficult to estimate the behavior
because of velocity, bearing pressure, and temperature dependent characteristics of coefficient of friction. This
research focuses on evaluating the conservatism of each method used and the effects of bearing pressure on the
behavior of the system by conducting comprehensive examination on design and analytic procedure of friction
pendulum system, as is proposed in standard, code and literature. In addition, this study provides comparative
analysis on general behavior characteristics of friction pendulum system by comparing the result with that of the
analysis on lead rubber bearing which possesses the same dynamic properties.
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[Fig. 1] Free Body Diagram of FPS[6]
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[Fig. 2] Coefficient of Friction at Fast & Low Velocities[2]
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[Table 1] Input Parameters for the Bi-linear Model
(T=2sec, pn=0.095)

T=2 sec B=34 % Remark
Kerr (KN/m) 235 Force
C (MN*seqm) | 26 Pl
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Dy (mm) 2 Q4f] ;u Ke“ :
Fy=Qs kN) | 23 isplacement
K¢ (KN/m) 109 y D
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[Fig. 5] RG 1.60 Spectrum anchored at 0.3 g
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[Table 2] Diplacement and Acceleration Responses of
Linear and Nonlinear Analyses(u = 0.095)

Displ. (mm) Acc. (9)
- - - - - Remark
Linear((1) | Nonlinear() | Linear(3) | Nonlinear(()
Case.l | 1300 639 0.140 0.122
* 1)@
Case2 | 1315 55.8 0.148 0.120 20~2.4
Case3 | 1350 634 0.160 0.123
Cascd | 1359 | 679 | 0156 | 0.126 *1(131(‘?3
Case5 | 1367 66.9 0.158 0.125 T
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[Table 3] Input Parameters for the Bi-linear Model

(T=2 sec)
u=0.08 (&) p=0.11 (®)
B (%) 29 38
Kerr (KN/m) 235
Dy (mm) 2 3

Fy=Qu (kN) 20 27

Ka (KN/m) 126 95

Ko (KN/m) 12,589 9,519

K, (kN/m) [e'e)

AREA QL A H(10~50 MPa)®] 1< mpkA| 4=
0.08-0.11& A3 shuAT AL S/ vhEAS
B2(@—O)2 sto] Wl 170 F7lelAo, 714
L 239 0874 HFaskeleh

AL BBt whE FFE FUHoR HEEY] 9
& ohE 7] 27 1 seco] djgt WRIEH s 4 mhaf
U]E]E Table 49} Zo] ul2bAlS= 0.08, 0.95 W 0.11 271
6 F AASIETE 11-8F7] 1 seco] o3t sjAAn, vhzt
A 7o) wheh M9 156 F7kste] I AHdFAo] 1L

827] 2 secol| i3t A AT} BolslgoL), FeEo
Qloj = .18l F718le] I-5F7] 2 seco] ojjgt A
o= Aoldt BEE Bk

TE7) 1 osec W 2 sec?] S|AAIE S uf, A
A F7toll W vpEAS A4 I 1RF71¢



[Table 4] Input Parameters for the Bi-linear Model

(T=1 sec)
©#=0.08 = 0.095 p#=0.11
B (%) 14 17 20
Ker (KN/m) 996
Dy (mm) 0.3 0.3 04
Fy=Qq (kN) 20 23 27
Ka (KN/m) 779 733 685
Ko (kKN/m) 77,982 73,347 68,539
K. (kN/m) o
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[Fig. 6] Comparison of Responses between Different
Natural Periods of Seismic Isolation
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[Table 5] Input Parameters for the Bi-linear Model
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