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Abstract

Polytetrafluoroethylene (PTFE) is a commercialized friction material in friction pendulum systems used for earthquake hazard mitigation in
structures, and it has excellent chemical resistance and frictional performance. However, PTFE has a relatively low wear resistance for the friction
pendulum systems in service. As an alternative to PTFE, a cost-effective frictional material, polyvinylidene fluoride (PVDF) strengthened by
magnesium oxide (MgO), with enhanced wear resistance performance is proposed in this study. The frictional performance of the developed
PVDF/MgO was evaluated through experiments and compared with that of PTFE. Accordingly, a friction pendulum system was designed using the
measured friction coefficient. The performance of this friction pendulum system was evaluated via nonlinear time history analyses of bridges.
Subsequently, the plausibility of using PVDF/MgO as an alternative to PTFE as a friction material for friction pendulum systems was discussed.
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Fig. 1 Polyvinyledene fluoride(PVDF) and oxide magnesium(MgO)
powders
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Fig. 2 Hot-press and mold to prepare sample in this study
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Fig. 3 Production process of PVDF/MgO friction material sample
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Fig. 4 Dynamic test machine for base isolation systems
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Fig.5 Process of friction coefficient measurement
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Fig. 6 Force-displacement response of friction material
sample(Velocity: 50mm/sec, Contact pressure:  30MPa)

Table 1 Friction coefficient of friction material sample

Velocity(mm/sec) | Contact pressure(MPa) | Friction coefficient(%)
10 9.74
1 20 6.74
30 5.57
10 11.91
50 20 8.10
30 6.59
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Fig. 7 Condition of friction material specimens after measuring
friction coefficient

Table 2 Initial stiffness of friction material sample

PVDF/MgO friction material
17,337.42

Sample
Initial stiffness(K, , kN/m)
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Composite spring including zero-length

O—» element for abutment, Elastomeric bearing

pad, and shearkey L)

“—— Zero-length element for embankment
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_— Elastomeric bearing pad

Element B

€2 ”L

(a) Original bridge

Composite spring including zero-length
element for abutment, Friction pendulum
system, and shearkey

A;—» Zero-length element for embankment

F—> Column, Abutment Node A

i~ Friction pendulum system

Element B C2

-

(b) Isolated bridge with friction pendulum system

Fig. 10 Analytical models of R14 bridge

Table 3 Characteristics of R14 bridge(Aviram et a/, 2008)

Parameter Value and description
Total length of the bridge 87.123m
Length of each deck span 44.20m, 42.98m
Deck width 16.37m
Deck depth 1.72m
A=8.27m’, 1,=3. 868m*,
Deck cross-sectional properties | Z,=163. 871m

A, =2.0m, A _=5.020m’

Column Diameter 1.65m
Column height 10.580m
Deck centroid to column top 0.98m

Cap beam length 3.645m

Cap beam cross-sectional area  {2.3m x 1.75m

Unit weight of reinfirced concrete|23.564kN/m>

Longitudinal rebar: #14(42ea)

Reinft t details of col .
entoreement Getalis of COMMN 1 \verse rebar: #7(0.125m spacing)

Gap between abutment and deck [0.0508m

Foundation type as boundary

.\ Fixed condition
condition

Expansion joint Not applicable
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Fig. 11 Input ground motion(Kobe, 1995)
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Fig. 12 Displacement of node A from R14 bridges
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Fig. 13 Force in element B from R14 bridges
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Table 4 Displacemenet of node A from R14 bridges for input
ground motions

Input Displacment(mm)
ground motions Original R14 bridge Isolated R14 bridge
G(rlfgf: ’(‘)‘?;05 ! 70.13 178.20
G(rl‘)’gf: '332052 108.21 140.70
G(rl‘)’é‘f: ﬁj‘lmg 19.88 64.44
G(rlfé‘f: '2)’%";4 34.83 132.05

Table 5 Force in element B from R14 bridges for input ground motions

Input Force(kN)
ground motions Original R14 bridge Isolated R14 bridge
G(rl‘)’gf: '5“;:‘){:) ! 2061. 52 754.83
G(rlfé‘f: '322";2 2274.68 695.47
G(rl‘)’gf: %{Z?"g 685.81 364.34
G(rl‘)’gf: r(r)‘zté"g“)“ 1465.9 557.69
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