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Fig. 11. A building structure

The elastic response spectrum for the soil profile III in Chinese criteria (JTJ 004-89) as shown
in Fig. 2 is selected for the target spectrum, because the related seismic safety assessment report
shows that the relatively soft soil with shear wave velocity between 140 and 250 m/s is very thick
for the building site. Twenty pairs of ground motion recordings were selected from the Pacific
Earthquake Engineering Research Center database (PEER, 2015), as listed in Fig. 12, and scaled
to be consistent with the target spectrum. From Fig. 12, their mean spectrum is almost the same
with the target one. And then the scaled ground motion recordings are continuously scaled to meet
the target spectrum with PGA from 0.01 gto 1 g with an increment of 0.01 g, and these recordings
are input into the isolation structure to be the ground motion.

Fig. 12. Target spectrum, mean spectrum and individual earthquake spectra
5.3. Calculation process and results

To assess the seismic vulnerability of these structural systems, the performance-based
assessment framework established by the PEER is used. The framework divides the performance
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assessment into four analysis phases, including seismic hazard analysis, response analysis,
damage analysis, and loss analysis. The outcome of each analysis is then integrated using a total
probability theorem. As Section 5.1 provides the information that the probability of PGA
exceeding 1g is too small to be ignored, less than 30 % probability of exceeding 0.5 m/s? on the
structure even under the earthquake with PGA of 0.8 g is acceptable, and the considerably large
relative displacement is allowed, this framework can be simplified to only include the response
analysis and the damage analysis to assess the structural performance.

With ground motion records selected in Fig. 12, incremental dynamic analysis (IDA) of
nonlinear dynamic response analyse is used to quantify the statistical distribution of the structural
response at different levels of earthquake shaking intensities which have been described in
Section 5.2. A lot of results are obtained, however, only classical and common results are
discussed in detailed manner due to space limitations while other results are considered but not
listed.

Under the earthquakes with PGA of 0.8 g, the seismic responses of the structure including the
concave friction cases and the uniform friction cases are shown in Fig. 13. In terms of the same
parameters of the isolation structure, different ground motion waves result in different values as
shown in Fig. 13, which means there is a discrete probability distribution for the seismic responses
of the structure. As a whole, if the damping constant increases, the structural maximum
acceleration increases, and the ratio of the structural maximum relative displacement to the
absolute displacement of the ground motion decreases. When the same damping constant and
earthquake are concerned, the structural maximum acceleration in Fig. 13(a) corresponding to the
concave friction cases is a little larger than that of the uniform friction cases, however, the
displacement ratio in Fig. 13(b) corresponding to the concave friction cases is much less than that
of the uniform friction cases. Therefore, the concave friction cases are better than the uniform
friction cases.
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Fig. 13. The seismic responses of the structure subjected to the earthquakes with PGA of 0.8 g

A sufficient number of damage states (DS) are defined in Fig. 14 for each performance group
to describe the range of damage for the structure at different levels of structural response. Noted
that DS in Fig. 14(b) just reflects the design principle provided by the government, and other DS
in Fig. 14 are complements to the design principle. These damage states are typically defined
using fragility curves. The horizontal axis of the fragility curve represents PGA that affects the
performance group and the vertical axis represents the probability that the performance group will
exceed each of the damage states.

Fig. 14 shows that probability of exceeding the same DS is different as the damping constant
changes by keeping the same increment ratio of the concave friction distribution. As for the
condition that the damping constant is 100 kN-s/m, if PGA is 0.8 g, the structural maximum
acceleration has approximately 40 %, 22 %, 12 %, and 7 % chance that the structure is beyond
damage states 1, 2, 3, and 4, respectively. From Fig. 14(b), the government design principle that
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less than 30 % probability of exceeding 0.5 m/s” on the structure under the earthquake with PGA
of 0.8 g is satisfied. In Fig. 14(b), if the damping constant increases from 100 kN-s/m, probability
of exceeding 0.5 m/s? on the structure under the earthquake with PGA of 0.8 g increases and break
the government design principle, however, the probability of exceedance for the ratio of the
structural maximum relative displacement to the ground’s maximum absolute displacement
decreases.
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Fig. 14. Fragility function for the structure with the increment ratio 0.03
of the concave friction distribution

In summary, the optimal parameters identified are that the damping constant adopts
100 kN-s/m, and the increment ratio of the concave friction distribution adopts 0.03. Noted that
an enough moving space must be designed for the damper-friction structure system, and thus the
damage state will not be sensitive to the large relative displacement. Furthermore, based on
Fig. 13, if the uniform friction cases are adopted, the government design principle that less than
30 % probability of exceeding 0.5 m/s? on the structure under the earthquake with PGA of 0.8 g
is also satisfied. In this case, however, a much larger moving space than that of the concave friction
cases must be designed for the isolation structure, which implies a greater economic investment
for the building.

In this paper, Biao Wei reviewed the investigation history of the friction-based isolation
methods, and analyzed the structural seismic responses of different damper-friction isolation
systems under different ground motions. Peng Wang drew all of the figures. Bin Yan carried out
the optimization design example of an isolation building, and was the corresponding author due
to his continuing research on the similar isolation systems. Lizhong Jiang analyzed and checked
the computer program and the results. Xuhui He provided the earthquake input, and modified the
paper including English language.
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6. Conclusions

By taking a damper-friction isolation system as the study object, this paper analyzes the impact
of the concave friction distribution on the structural isolation performance under different ground
motions. Based on the obtained regular rules, optimal parameters are identified for an example of
isolation building. The main conclusions are summarized as follows:

1) After reasonable combination with the damper, the concave distribution of friction
coefficient is conducive to reducing the structural maximum relative displacement. Although it
increases the structural maximum acceleration at the same moment, the increasing trend is not
obvious. Increasing the damping constant effectively decreases the structural relative
displacement, however, it considerably increases the structural acceleration.

2) In terms of optimized damper-friction isolation system with the best design combination of
concave friction distribution and the damper, the uncertain prediction of the site type of soil profile
and PGA will not lead to the sudden increment of the structural seismic responses.

3) As for a structure system only being sensitive to acceleration or force, significant concave
friction distribution and little damping constant would be the best design combination. It results
in a much less acceleration and an acceptable relative displacement on the structure.
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