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ABSTRACT

Traditional friction-sliding isolation bearings employ polytetrafluoroethylene (PTFE)
plates as the friction layer. These plates are prone to plastic deformation, cracking, and
peeling under long-term loads, leading to reduced stability and durability of the isolation
system. To address this issue, this study proposes a new type of friction-sliding isolation
bearing that uses a spray-applied PTFE lubricant as the friction layer. The mechanical
properties and isolation effect of the bearing are investigated through a combined
experimental and numerical approach. Test results show that under vertical loads from
300 kN to 700 kN, the friction coefficient of the bearing remains stable between 0.04 and
0.06, which is comparable to that of traditional PTFE plate bearings. Moreover, no plastic
deformation, cracking, or peeling is observed, indicating better engineering durability and
potential for reducing life-cycle maintenance costs, consistent with the concept of green
construction. To verify seismic performance, a nine-story reinforced concrete frame
structure is selected as the analytical model. Five recorded ground motions and two
synthetic accelerograms are used for dynamic time-history analysis. The seismic
response characteristics of isolated and non-isolated structures are compared for
different friction coefficients and damping ratios. The results indicate that the new bearing
significantly reduces base shear, inter-story drift ratio, and top-floor acceleration,
demonstrating a remarkable isolation effect. When the friction coefficient is 0.10, the
sliding displacement of the isolation layer and the acceleration response of the
superstructure reach an optimal balance. Increasing the structural damping ratio can
further enhance the seismic mitigation effect.
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1. INTRODUCTION

Earthquakes pose severe threats to structural safety and human settlements.
Conventional seismic-resistant approaches often fail to prevent structural damage under
strong ground motions, whereas base isolation technology can effectively mitigate
seismic responses by inserting a flexible layer at the foundation level. Among various
isolation systems, sliding isolation bearings have received extensive attention owing to
their simple configuration and reliable energy dissipation mechanism, and numerous
studies have been conducted to advance their theoretical development and engineering
application.

Extensive research has been performed on the frictional behavior and seismic
performance of sliding isolation systems. Shakib and Fuladgar experimentally
investigated the effects of compressive stress, sliding velocity, temperature and loading
cycles on the friction coefficient of polytetrafluoroethylene, confirming its feasibility and
wear resistance as a bearing friction material(Shakib and Fuladgar 2003). Xue et al.
further tested the mechanical performance of PTFE-based sliding isolation bearings and
verified their engineering applicability(Xue et al. 2009). For novel sliding isolation
systems, Zhou et al. developed a composite isolation bearing with tungsten disulfide
coatings and demonstrated stable frictional behavior governed by vertical load and
horizontal displacement(Zhou et al. 2011). Zou et al. proposed a sliding isolation system
with coupled friction dampers, which achieved effective control of both isolation layer
displacement and superstructure response(Zou et al. 2017). Lin systematically revealed
the dynamic response characteristics and energy dissipation mechanisms of sliding-
isolated structures(Lin 2020). Most recently, Lai et al. investigated a double-sided sliding
horizontal-vertical decoupled bearing(Lai et al. 2025), and Zhao and Dai refined the
friction model of PTFE-stainless steel interfaces under low-load conditions through high-
precision tests(Zhao and Dai 2025).

However, current studies face notable limitations. Conventional PTFE friction
layers are prone to plastic deformation, cracking and delamination under long-term
service, impairing isolation system durability. Moreover, systematic experimental data
and design guidelines for alternative friction materials remain scarce. This paper
proposes a novel sliding isolation bearing with spray-applied PTFE coating. Its frictional
performance is evaluated via compression—shear tests, and seismic isolation
effectiveness is investigated through finite element analysis. The findings provide
experimental and theoretical support for advancing sliding isolation technology.

2. EXPERIMENTAL STUDY OF FRICTION-SLIDING ISOLATION BEARING

2.1 Test Setup and Loading Conditions

The tests were conducted using a computer-controlled electro-hydraulic servo
compression-shear test system, which comprises a reaction wall, a horizontal electro-
hydraulic servo actuator, a vertical reaction frame with reaction beams, a rigid base, and
the test bearing.The specimen was fixed between upper and lower loading platens. The
vertical compressive load was applied by a hydraulic jack, while the horizontal shear load
was applied by the servo actuator. The test setup is illustrated in Figs. 1.
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1——Reaction wall 5——Reaction beam
2——Electro-hydraulic servo actuator ~6——Base _
3——Reaction frame 7——Test bearing

4——Reaction beam

Fig. 1 Test loading device

Two groups of specimens were set up, using PTFE plates and spray-applied PTFE
as the friction layer, respectively. Each group of specimens was tested under vertical
loads of 300 kN, 400 kN, 500 kN, 600 kN, and 700 kN. The loading procedure was as
follows: after the vertical load reached the preset value and was maintained for 1 minute,
the horizontal actuator performed staged loading, sliding 2 mm per stage with a 0.5-
minute pause, and unloading after a cumulative sliding of 6 mm. The test conditions are
listed in Table 1.

Table 1 Test conditions for friction coefficient measurements of sliding components

Test case Specimen Coating Material Load (kN)
300
400

Group 1 PTFE plate 500
600
700
300
400

Group 2 Spray-applied PTFE 500
600
700
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2.2 Analysis of Test Results



The 2026 World Congress on
The 2026 Structures Congress (Structures26)
23-25, August, 2026, Convensia, Incheon, Korea

Experimental studies were conducted on two groups of specimens with different
friction materials. Each group was tested under various vertical load conditions. The
horizontal force/vertical force curves for different cases are shown in Fig. 2, and the
horizontal force/displacement curves are shown in Fig. 3.
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Fig. 2 Horizontal force/vertical force curves during test loading process: (a) Group 1;
(b) Group 2
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Fig. 3 Horizontal force-displacement curves during test loading process: (a) Group 1;
(b) Group 2
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Friction coefficient measurement tests were conducted on the specimens.
Comparing the results of the two groups, the performance curves of the isolation bearings
under different vertical loads were obtained. The data show that both groups of isolation
bearings exhibit stable frictional performance, regardless of whether PTFE plates or
spray-applied PTFE are used as the friction material. As shown in Fig. 5, when the
isolation bearing enters the sliding friction stage, the friction coefficient varies slightly,
fluctuating around 0.05 overall. The friction coefficient of the spray-applied PTFE
fluctuates slightly more than that of the PTFE plate, but still maintains good stability. A
comparison between the two indicates that the spray-applied PTFE lubricant can
basically achieve frictional performance comparable to that of PTFE plates. After the
tests, inspection of the upper and lower plates shown in Fig. 4 revealed that only minor
scratches appeared on the cover plates of both groups, and the sliders remained intact
overall, indicating that the bearings maintained good load-bearing capacity under
different vertical loads.

Fig. 4 Upper and lower plates after test

In summary, both the PTFE plate isolation bearing and the spray-applied PTFE
isolation bearing used in this paper exhibit stable mechanical properties in terms of
friction coefficient under different vertical loads, with values fluctuating between 0.04 and
0.06 under all conditions. However, PTFE plate bearings are prone to plastic deformation
and cracking under long-term loading, as well as misalignment and peeling between the
plate and the connecting parts. In contrast, spray-applied PTFE as a friction material can
effectively avoid the above problems while reducing the cost of the friction layer. These
results indicate that the isolation bearing using spray-applied PTFE lubricant as the
friction layer has good rationality and superiority.

Considering the influence of horizontal force under various conditions,
unidirectional loading tests were conducted. The relationship between the friction
coefficient of the sliding layer of the isolation bearing and the horizontal sliding
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displacement was calculated from the ratio of horizontal force to vertical force of the
actuator, as schematically shown in Fig. 5.
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Fig. 5 Material displacement-friction coefficient curve: (a) Group 1; (b) Group 2

Table 2 Friction Coefficient Values under Different Working Conditions

Vertical Horizontal Friction Vertical Horizontal Friction
Force (kN) Force (kN) Coefficient Force (kN) Force (kN) Coefficient
300 28 0.046 300 28 0.049
400 33 0.041 400 39 0.047
500 42 0.044 500 50 0.051
600 47 0.043 600 59 0.047
700 59 0.041 700 63 0.046

As can be seen from Fig. 5, the friction coefficients of the sliding layer of both
groups of specimens first increase rapidly with displacement and then tend to stabilize.
The stable friction coefficient values under each condition are listed in Table 2. From the
friction coefficient-horizontal displacement curves obtained from the two groups of tests,
it can be seen that at the initial stage of loading, the slider maintains a stable initial contact
state with the upper and lower plates, and the slider gradually transitions from static to
sliding state, corresponding to the inclined rising section of the curves in Fig. 5. As
loading continues, the curves gradually enter a flat section, and the friction coefficient
fluctuates within a small range and tends to be stable overall, indicating that the bearing
has entered a stable sliding state and can effectively exert its isolation function.
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