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Seismic fragility analysis of step-terrace frame structures with
energy-dissipating rocking walls in mountain cities
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Abstract: Rocking walls offer advantages in controlling deformation modes and preventing weak-story failures.
Step-terrace frame structures suffer from significant structural deficiencies, including irregular lateral stiffness
distribution, abrupt changes in floor load-bearing capacity, and concentrated deformation in upper stories. To
improve the yielding mechanism and mitigate unfavorable failure modes, a bottom-hinged rocking wall was
introduced to regulate the structural response. Furthermore, to reduce seismic responses and limit residual
deformations, a step-terrace frame-energy-dissipating rocking wall structural system incorporating buckling-

restrained braces (BRB) was proposed. Numerical models of ordinary step-terrace frame structures, step-terrace
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frame-rocking wall structures, and step-terrace frame-energy-dissipating rocking wall structures were developed
for a seismic intensity 7 region (0.15g) using OpenSEES. The reliability of the numerical models and material
parameters was verified by simulating low-cycle reversed loading tests of step-terrace frame structures.
Incremental dynamic analysis (IDA) was then performed to systematically evaluate the seismic fragility of the
step-terrace frame-energy-dissipating rocking wall structure, considering IDA curve clusters, partition curves,
seismic demand probability models, fragility functions, damage-state exceedance probabilities, fragility indices,
collapse resistance reserve factors, and safety margin ratios. The results indicate that, under seismic excitations
with the same peak ground acceleration (PGA), rocking walls effectively limit the development of structural
plasticity, reduce response dispersion, and decrease the probability of exceeding various performance levels,
thereby exhibiting enhanced collapse resistance. The incorporation of BRB further improves the seismic
performance and collapse resistance of the rocking wall-frame system. Among the investigated 3 kinds of
structures, the step-terrace frame-energy dissipating rocking wall structure exhibits the best seismic behavior and
collapse performance, while the conventional step-terrace frame structure shows the poorest performance.

Keywords: seismic fragility; step-terrace frame-energy dissipating rocking wall structure; incremental dynamic

analysis; seismic demand probability model; damage-state probability
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Fig.1 Three types of step-terrace frame structure
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Table 1 The earthquake record

¥ R4 AR fisf 1] b ETITVCI £/
1 NorthwestCalif-02 1941 Ferndale City Hall 38.98 6.60
2 Borrego 1942 El Centro Array #9 50.00 6.50
3 Kern County 1952 Santa Barbara Courthouse 75.44 7.36
4 Northern Calif-03 1954 Ferndale City Hall 40.00 6.50
5 El Alamo 1956 El Centro Array #9 59.98 6.80
6 Borrego Mtn 1968 San Onofre - So Cal Edison 45.20 6.63
7 San Fernando 1971 Fairmont Dam 61.10 6.61
8 San Fernando 1971 Santa Anita Dam 29.72 6.61
9 Friuli-Italy-01 1976 Tolmezzo 36.38 6.50
10 Tabas-Iran 1978 Sedeh 40.00 7.35
11 Imperial Valley-06 1979 Cerro Prieto 40.00 6.53
12 Imperial Valley-06 1979 Parachute Test Site 39.36 6.53
13 Loma Prieta 1989 Hayward City Hall - North 39.42 6.93
14 Loma Prieta 1989 SF - Presidio 39.98 6.93
15 Kobe-Japan 1995 Sakai 139.00 6.90
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Fig. 6 Fragility curves of the three structural systems
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Fig. 8 Fragility indices curves for the three structural systems
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