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Abstract 14 

Current seismic damage classification standards do not adequately capture the distinctive damage characteristics 15 

inherent to base-isolated buildings. To bridge this gap, this study collects and analyzes empirical damage 16 

observations from 52 base-isolated buildings affected by 11 destructive earthquakes globally. Operating within the 17 

framework of current Chinese seismic damage classification standards, the typical damage patterns of critical and 18 

vulnerable components in base-isolated buildings are summarized, including isolation bearings, supplemental 19 

energy-dissipation devices, nonstructural elements within the isolation layer, and the superstructure. On this basis, 20 

we propose a seismic damage classification framework for base-isolated buildings, which incorporates post-21 

earthquake functionality, the conditions of the isolation layer, and the extent of nonstructural damage. The damage 22 

state of the isolation layer is derived from discrete damage states and damage rates of its constituent parts, which is 23 

subsequently integrated with the state of the superstructure to determine the overall building damage state. It offers 24 

a practical foundation for post-earthquake field survey, damage statistical analyses, and the future revision of relevant 25 

standards. 26 
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1 INTRODUCTION 30 

A rational seismic damage classification framework provides an essential basis for post-earthquake field surveys, 31 

seismic intensity evaluation, loss assessment, and building safety appraisal.1 In China, the seismic damage 32 

classification research and practice date back to the 1960s, with a preliminary consensus established by the 1975 33 

Haicheng earthquake.2 In 1990, the Chinese Ministry of Construction issued Classification of Earthquake Damage 34 

to Buildings and Special Structures to regulate post-earthquake damage statistics.3 It classified building damage into 35 

five levels: basically intact, slight damage, moderate damage, severe damage, and destruction, laying the foundation 36 

for subsequent practice in China. The Chinese national standard Post-earthquake Field Works—Part 3: Code for 37 

Field Survey (GB/T 18208.3-2000), later provided damage classification criteria for different building types in better 38 

detail.4 Nevertheless, because it mainly addresses emergent post-earthquake field surveys, its provisions remain 39 

limited and do not explicitly consider repair difficulty or economic loss. 40 

In 2009, another Chinese national standard Classification of Earthquake Damage to Buildings and Special 41 

Structures (GB/T 24335-2009) retained the five damage levels noted above and introduced more explicit criteria for 42 

describing extents of damage and linking overall building damage to component-level damage ratios for the first 43 

time.5 It also expanded the classification scope to structural systems increasingly used in China, such as high-rise 44 

buildings and steel structures. With the rapid development of building technologies over the past decade, however, 45 

seismic protection techniques, including base isolation and supplemental energy dissipation, have been widely 46 

adopted. It has created a need for updating the damage classification methods for conventional structural systems. 47 

Modern base-isolation technology emerged in the 1960s. Figure 1 shows the typical configuration of a base-48 
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isolated building. Base isolation lengthens the fundamental period of a structure and reduces seismic demand on the 49 

superstructure by introducing an isolation layer with relatively low lateral stiffness at the base or, in some cases, at 50 

an intermediate story. Depending on the isolation strategy, excessive displacement demand can be controlled either 51 

by incorporating supplemental energy-dissipation devices or by utilizing inherent energy dissipation mechanisms 52 

within sliding isolation systems, such as friction pendulum bearings.6-8 Following the 2008 Wenchuan earthquake, 53 

the application of base isolation in China has accelerated annually, becoming increasingly prevalent in critical 54 

facilities within high-seismic regions, such as schools, hospitals, and emergency command centers. By 2024, more 55 

than 21,000 base-isolated buildings had been completed in China.9 With their expanding application, the emergence 56 

of observed seismic damage in recent events highlights the necessity for damage classification criteria for base-57 

isolated buildings. 58 

Isolation bearing
Seismic moat and 

cover plates

Supplemental energy-

dissipation devices

Utility pipelines crossing 

the isolation layer
 

FIGURE 1 Configuration of a base-isolated building. 

While established criteria exist for conventional earthquake-resistant buildings,11-15 base-isolated buildings 59 

exhibit fundamental differences in structural configuration, dynamic characteristics, and component-level damage 60 

patterns, thereby rendering the direct application of existing criteria unreliable. To bridge this gap, this study collects 61 

and analyzes empirical damage reports from 52 base-isolated buildings affected by 11 destructive earthquakes 62 

globally, based on which it proposes a seismic damage classification method operating within the existing framework 63 

of GB/T 24335-2009,5 aiming to provide a robust technical foundation for subsequent post-earthquake field surveys 64 

for seismic intensity and loss evaluation and the future revisions of relevant standards in China. 65 

2 DATASET OF SEISMIC DAMAGE TO BASE-ISOLATED BUILDINGS 66 

Table 1 summarizes the fundamental seismological characteristics of the 11 destructive earthquakes incorporated in 67 

the present study, including earthquake magnitude, focal depth, and focal mechanism. These earthquakes represent 68 

different tectonic environments, including strike-slip, reverse, thrust, and megathrust faulting events. A total of 52 69 

affected base-isolated buildings were collected, comprising 31 in Japan, 16 in China, and 5 in Türkiye. Figure 2 70 

depicts their geographic distribution and representative damage photographs. The five Turkish buildings used 71 

friction pendulum bearings, whereas the other 47 buildings in China and Japan used elastomeric and sliding bearings. 72 

Sixty-five percent of the buildings had no independent supplemental damping devices and relied mainly on the 73 

inherent energy dissipation mechanisms of their isolation systems, such as the lead cores of lead-rubber bearings; 74 

20% used independent steel dampers, 12% used independent lead dampers, and 9% used viscous fluid dampers 75 

[Figure 3]. Because some buildings used multiple types of supplemental energy-dissipation devices, the 76 

corresponding categories are not mutually exclusive. 77 

    It should be noted that the collected dataset mainly consists of buildings with reported earthquake damage, 78 

rather than a statistically balanced sample including both damaged and undamaged buildings. Therefore, the present 79 

database is more suitable for identifying damage modes and establishing damage classification criteria than for 80 

estimating the probability distribution of damage states. Although the collected cases cover earthquakes in East Asia 81 

and Türkiye, cases from other regions, such as North and South America, were not included because comparable 82 

component-level post-earthquake damage information was not consistently available in the literature. This 83 

geographic limitation should be considered when applying the proposed classification framework to other regions. 84 
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TABLE 1 Basic seismological characteristics of the 11 earthquakes associated with reported damage to base-85 

isolated buildings. 86 

No. Year Earthquake event Magnitude 
Focal depth 

(km) 
Focal 

mechanism 

Number of 

affected base-

isolated 

buildings 

Country/region 

of affected 

building(s) 

1 1995 
Great Hanshin-Awaji 

Earthquake 
Mj 7.316 17.616 

Strike-slip 

faulting16 
1 Japan 

2 2004 
Niigata-ken Chuetsu 

Earthquake 
Mj 6.817 1317 

Reverse 

faulting17 
1 Japan 

3 2008 
Iwate-Miyagi Nairiku 

Earthquake 
Mj 7.218 818 

Reverse 

faulting18 
16 Japan 

4 2008 
Wenchuan 

Earthquake 
Ms 8.019 1419 

Thrust 

faulting19 
1 China 

5 2011 
Great East Japan 

Earthquake 
Mj 8.420 2420 

Megathrust 

faulting20 
5 Japan 

6 2013 Lushan Earthquake Ms 7.021 1321 
Reverse 

faulting21 
1 China 

7 2016 
Kumamoto 

Earthquake 
Mj 6.522 1222 

Strike-slip 
faulting with 

normal-fault 

component22 

8 Japan 

8 2022 Luding Earthquake Ms 6.823 1623 
Strike-slip 

faulting23 
10 China 

9 2023 
Türkiye-Syria 

Earthquakes 
Mw 7.824 1024 

Strike-slip 

faulting24 
5 Türkiye 

10 2024 Hualien Earthquake Ml 7.125 19.725 

Oblique 
thrust 

faulting25 
1 China 

11 2025 Myanmar Earthquake Mw 7.726 1026 
Strike-slip 

faulting26 
3 China 
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(a) Types of isolation bearings (b) Types of supplemental energy-dissipation devices 

FIGURE 3 Statistics of isolation bearings and supplemental energy-dissipation devices in the collected buildings. 

Across the 52 buildings, damage was observed in isolation bearings, supplemental energy-dissipation devices, 88 

nonstructural components within the isolation layer, and nonstructural components of the superstructure. In three 89 

buildings, either the isolation bearings or the supplemental energy-dissipation devices became nonfunctional and 90 

required replacement. Slight damage was reported in seven buildings, including corrosion of bearings’ flanges and 91 

bolts and damage to sliding interfaces. Residual deformation of isolation bearings was observed in 14 buildings and 92 

sliding traces of up to 14 cm were found in some elastic sliding pads. Seismic moat cover plates were damaged in 93 

11 buildings, and severe damage to anchorage at the top of the isolation bearings was observed in some cases. 94 

Pipelines, masonry infills, and other nonstructural components within the isolation layer were also frequently 95 

damaged. In contrast, structural members of the superstructure remained intact in all cases, with damage mainly 96 

confined to nonstructural components, such as infills, unsecured indoor contents, and architectural finishes. 97 

98 
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FIGURE 2 Epicenters of eleven destructive earthquakes and 52 affected base-isolated buildings with published damage reports. 

99 



5 

 

3 HIERARCHICAL METHOD FOR SEISMIC DAMAGE CLASSIFICATION OF BASE-ISOLATED 100 

BUILDINGS 101 

The state-of-the-practice seismic damage classification frameworks rely on an empirical aggregation of component-102 

level damage ratios to derive overall structural damage states.27 During post-earthquake field surveys, acquiring 103 

precise quantitative damage metrics is frequently impeded by restrictive site conditions, time constraints, and 104 

obscured structural elements.28 Consequently, contemporary standards universally adopt qualitative or semi-105 

quantitative terms to categorize component damage. We herein inherit this methodology and adapt it for base-isolated 106 

buildings. 107 

While base-isolated buildings exhibit distinct dynamic responses, they do not represent an independent 108 

structural category because they always comprise a conventional superstructure which typically uses conventional 109 

reinforced concrete, masonry, timber, or steel structures whose damage state can be readily assessed using established 110 

codes such as GB/T 24335-2009.5 Therefore, the challenge only lies in the classification of the damage states for the 111 

isolation layer. 112 

The isolation layer always consists of three categories of components, namely isolation bearings (B), 113 

supplemental energy-dissipation devices (D), and nonstructural components in the isolation layer (N). They differ in 114 

function and damage characteristics and therefore require independent evaluation. However, to ensure compatibility 115 

with the current practice, the proposed classification method adopted the conventional five-level damage states 116 

applicable to both the overall building and individual components as shown in [Table 2], where DS denotes the 117 

numerical labels for each damage state of either the overall building or a category of components. 118 

TABLE 2 Damage-state categories used in the proposed classification method. 119 

Damage description Damage grade DS 

Basically intact I 1 

Slight damage II 2 

Moderate damage III 3 

Severe damage IV 4 

Destruction V 5 

 120 

Based on the division of categories for the components in the isolation layer, we proposed a hierarchical 121 

classification framework for base-isolated buildings as shown in Figure 4. First, the structural type of the 122 

superstructure is identified, allowing its damage state, denoted as DSsup, to be assessed in accordance with GB/T 123 

24335-20095. It incorporates the observed structural and nonstructural damage, alongside any resultant impairment 124 

to the post-earthquake functionality of the building. For the isolation layer, the discrete damage state, denoted as 125 

lowercase ds, for every individual element across the three categories is evaluated using the criteria given in Section 126 

4. Within each category, the proportion of components exhibiting a specific damage state i, referred to as the damage 127 

ratio dr𝑖, is then used with the threshold matrices provided in Tables 3 to 5 to determine the category-level damage 128 

states, denoted as DS𝐵, DS𝐷, and DS𝑁, respectively. 129 

Base-Isolated Building

Superstructure Isolation Layer

Isolation 

Bearings

Supplemental Energy-

Dissipation Devices

Nonstructural 

Components

DS

DSsup

DSiso

DSB DSD DSN

Determined in accordance 

with the current standard
Determined by damage ratios 

of individual components

 
FIGURE 4 Components of a base-isolated building for seismic damage classification. 

Following this component-level assessment, the damage state of the isolation layer, denoted by DSiso, is 130 
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governed by the damage state of the most critical category, formulated as: 131 

DSiso =  max(DSB,DSD,DSN) (1) 132 

It should be emphasized that the maximum criterion in Eq. (1) does not represent an assumption that different 133 

isolation-layer components have identical importance. Instead, component importance has already been considered 134 

in the proposed classification process. Isolation bearings, supplemental energy-dissipation devices, and nonstructural 135 

components within the isolation layer are assigned different classification rules and damage-state limits according 136 

to their structural functions. Therefore, after obtaining the category-level damage states, the maximum value is used 137 

to identify the governing damage mechanism of the isolation layer without introducing additional subjective 138 

weighting factors. This prevents severe damage to critical components from being diluted by less severe damage in 139 

other categories. 140 

The global damage state of the entire building, DS, is then defined by the maximum damage state between the 141 

superstructure and the isolation-layer: 142 

DS = max(DSsup,DSiso) (2) 143 

Similar to the isolation-layer assessment, Eq. (2) does not imply that the superstructure and isolation layer have 144 

identical roles in the structural system. Instead, it reflects that either part may independently control the post-145 

earthquake performance of the building. A severe condition in one subsystem cannot be compensated by the intact 146 

condition of another subsystem. Therefore, the maximum criterion provides a conservative and practical rule for 147 

overall damage classification. 148 

This hierarchical procedure reflects the principle that the post-earthquake condition of a base-isolated building 149 

depends on both superstructure damage and the state of the isolation layer. 150 

Functionality loss is considered only at the building level through DSsup according to GB/T 24335-2009. The 151 

isolation-layer classification focuses on physical damage states of isolation components and does not independently 152 

add functionality loss, thereby avoiding double counting. 153 

The threshold matrices in Tables 3 to 5 map component-level damage ratios to category-level damage states. 154 

They are based on two practical considerations to mitigate subjective variance in field surveys. First, to ensure 155 

compatibility with current practices, the damage-ratio intervals are compatible with the current Chinese standards, 156 

which translates descriptions such as “individual”, “a few”, “some”, and “the majority” into numerical thresholds of 157 

10%, 30% and 50%. Second, the threshold matrices differ among the three component categories based on their 158 

importance to the global structural stability. 159 

Isolation bearings are the primary vertical load-bearing elements; consequently, their failure is critical for the 160 

structural safety. Table 3 therefore imposes stringent criteria, permitting the bearing category to reach a severe 161 

damage state (DS𝐵 = 4) under extensive failure. Conversely, supplemental energy-dissipation devices and localized 162 

nonstructural elements do not carry the vertical load of the superstructure. While their damage compromises seismic 163 

performance and causes substantial economic loss, it rarely threatens building safety or makes repair impracticable. 164 

Accordingly, Tables 4 and 5 intentionally constrain the maximum category-level damage state for these categories 165 

to moderate damage (DS𝐷 = 3 and DS𝑁 = 3). 166 

The damage-ratio thresholds of 10%, 30%, and 50% adopted in Tables 3–5 originate from existing Chinese 167 

seismic damage assessment standards. To further examine their applicability to the collected database, the reported 168 

damage descriptions of the 52 buildings were reviewed. Most reconnaissance reports provide qualitative descriptions 169 

(e.g., bearing deformation, leakage, cracking, or replacement requirements) rather than complete component-level 170 

damage counts. Therefore, a direct statistical calibration of the thresholds was not possible for all buildings. However, 171 

a qualitative consistency check based on the collected cases was conducted. The observed damage patterns generally 172 

agreed with the proposed damage states: isolated minor component damage was associated with lower damage states, 173 

whereas widespread bearing/device failures requiring repair or replacement corresponded to higher damage states. 174 

This consistency supports the engineering applicability of the adopted thresholds while recognizing the limitation 175 

caused by incomplete component-level inventory data. 176 

TABLE 3 Damage ratio thresholds for isolation-bearing damage states. 177 

DSB 
Component damage ratios 

dr1 dr2 dr3 dr4 dr5 

1 — ≤10% 0 0 0 
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2 — ≤50% ≤10% 0 0 

3 — — ≤50% ≤10% ≤10% 

4 Other cases not covered above 

 178 

TABLE 4 Damage ratio thresholds for supplemental energy-dissipation device damage states. 179 

DSD 
Component damage ratios 

dr1 dr2 dr3 dr4 dr5 

1 — ≤30% ≤10% 0 0 

2 — — ≤50% ≤30% ≤10% 

3 Other cases not covered above 

 180 

TABLE 5 Damage ratio thresholds for nonstructural component damage states within the isolation layer. 181 

DSN 
Component damage ratios 

dr1 dr2 dr3 dr4 

1 — ≤30% ≤10% 0 

2 — — ≤50% ≤30% 

3 Other cases not covered above 

4 SEISMIC DAMAGE TO COMPONENTS IN DIFFERENT CATEGORIES AND THEIR DAMAGE-182 

STATE CLASSIFICATION 183 

Based on the collected post-earthquake damage reports on the 52 buildings, this section defines five-level damage 184 

states for individual components of different categories, namely, basically intact (ds = 1), slight damage (ds = 2), 185 

moderate damage (ds = 3), severe damage (ds = 4), and destruction (ds = 5). 186 

4.1 Isolation bearings 187 

As the fundamental load-bearing elements in base-isolated buildings, isolation bearings support the whole vertical 188 

gravity loads of the superstructure while simultaneously accommodating significant horizontal deformations during 189 

earthquakes. Sometimes they also contribute to energy dissipation via lead-core yielding or friction. In current 190 

engineering practice, laminated rubber bearings and friction pendulum bearings are the most-commonly used 191 

isolation bearings. A typical laminated rubber bearing consists of upper and lower connection plates, end plates, 192 

internal steel shims interlaced with alternating vulcanized rubber layers, and a protective outer rubber casing.30 For 193 

lead-rubber bearings, a lead core is embedded in the center to dissipate seismic energy through yielding and plastic 194 

deformation during horizontal excursion [Figure 5], reducing or even eliminating the need for independent 195 

supplemental energy-dissipation devices in the isolation layer. 196 
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FIGURE 5 Basic configuration of a lead-rubber bearing. 

Although conventional base-isolation systems are primarily designed to reduce horizontal seismic demand, the 197 

isolation bearings must also transfer gravity loads and vertical earthquake actions. Conventional elastomeric and 198 

frictional bearings generally have relatively high vertical stiffness and therefore provide limited attenuation of 199 

vertical acceleration. Strong vertical excitation can produce rapid fluctuations in the axial force carried by the 200 

bearings. For elastomeric bearings, such fluctuations may affect compressive stability and, under tensile demand, 201 

contribute to cavitation or separation. For friction pendulum bearings, variation in the normal force may modify both 202 

the gravity-based restoring force and the friction resistance. Vertical earthquake effects may also increase the 203 

demands on bearing connections, anchor bolts, and supporting pedestals. Recent studies have therefore investigated 204 

combined horizontal and vertical isolation systems for critical facilities exposed to near-fault ground motions.32,33 205 

Post-earthquake reports demonstrated various extents of damage to rubber bearings under earthquakes, ranging 206 
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from surface material weathering to structural failure. Evidence from events such as the 2008 Iwate-Miyagi Nairiku 207 

earthquake indicates that flange and bolt corrosion frequently occur but did not compromise the structural integrity 208 

[Figure 6(a)].34 Under greater seismic demands, however, rubber bearings exhibit more severe damage. Surveys from 209 

the 2016 Kumamoto earthquake sequence document rubber bearings sustaining significant residual deformation 210 

[Figure 6(b)]35, the detachment of protective sealing rubber [Figure 6(c)],35 slight bulging near the top end plate, and 211 

loss of several connection bolts [Figure 6(d)],35 though these buildings generally retained their normal operation 212 

following minor repairs. More severe damage occurred in a base-isolated hospital in Kumamoto Prefecture, where 213 

the rubber bearings exhibited abnormal swelling, pronounced bulging of the protective rubber casing [Figure 6(e)],35 214 

separation near the upper connection, and concrete spalling in some pedestals. In the most severe cases, such as those 215 

observed during the 2022 Luding earthquake, rubber bearings suffered complete shear failure accompanied by the 216 

fracture of lead core and severe tilting [Figure 6(f)].36 217 

   

(a) Corrosion34 (b) Residual deformation35 (c) Detached sealing rubber35 

   

(d) Bulging and bolt detachment35 (e) Swelling and outward bulging3534 (f) Complete fracture36 

FIGURE 6 Observed damage of various extents to laminated rubber bearings. 

Different from rubber bearings, friction pendulum bearings operate through a coupled sliding and frictional 218 

mechanism, consisting of a spherical concave sliding surface and an articulated slider interfaced with low-friction, 219 

wear-resistant materials such as polytetrafluoroethylene (PTFE) [Figure 7]. 31 Under the idealized assumption of 220 

constant axial load and constant friction coefficient, the radius of curvature of the sliding surface determines the 221 

nominal pendulum period and provides a gravity-based restoring mechanism that is independent of the supported 222 

superstructure mass. However, the actual mechanical behavior of friction pendulum bearings is more complex, as 223 

the force-displacement response may be influenced by variations in axial load, sliding velocity, contact pressure, 224 

temperature, and frictional properties at the sliding interface. In addition, stick-slip behavior and transitions between 225 

different sliding surfaces in multi-surface friction pendulum bearings may further affect the hysteretic response. 226 

Recent numerical studies based on full-scale shaking-table tests have demonstrated the importance of considering 227 

variable friction characteristics when reproducing the response of friction-based isolation systems. 8,37 A peripheral 228 

dust seal is typically installed to mitigate the detrimental effects of dust, moisture, and other environmental factors 229 

on the sliding interface. The energy dissipation provided by friction at the sliding interface can substantially reduce 230 

the need for independent supplemental damping devices. 231 
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FIGURE 7 Basic configuration of a friction pendulum bearing. 

For friction pendulum bearings, the post-earthquake assessments following the 2023 Türkiye-Syria earthquake 232 

sequence revealed that while the sliding mechanism remained intact, friction pendulum bearings frequently sustained 233 
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residual displacements of several millimeters [Figure 8(a)],38 and the detachment of protective dust seals [Figures 234 

8(b) and 8(c)].38 Such damage necessitated immediate post-quake inspection and maintenance to restore the intended 235 

frictional properties of the sliding interface. 236 

   
(a) Residual displacement38 (b) Detached dust seal38 (c) Detached dust seal38 

FIGURE 8 Observed damage to friction pendulum bearings. 

The synthesis of these field observations is constrained by the inherent limitations of most published post-237 

earthquake reports, which provide only qualitative or semi-quantitative descriptive data. To make it practical during 238 

field surveys, the proposed classification framework uniformly weights all isolation bearings as equally weighted 239 

components, despite their specific locations, tributary vertical loads, or functional role within the isolation system. 240 

This simplification aligns with the approach in GB/T 24335-2009 standard.5 Based on the observed damage 241 

summarized above, the recommended descriptive classification criteria for the damage states of isolation bearings 242 

are listed in Table 6. 243 

TABLE 6 Recommended classification criteria of damage states for isolation bearings. 244 

Damage state 

(ds) 
Damage features Example(s) 

Basically intact 

(ds = 1) 

No visible damage. No residual deformation, cracking, or 

functional impairment. Requires no repair. 
— 

Slight damage 

(ds = 2) 

Minor local damage, such as paint peeling, slight corrosion, or 

minor connection damage. No visible residual deformation. 

Requires only minor repair for continued service. 

Fig. 6(a) 

Moderate damage 

(ds = 3) 

Visible residual deformation. Local damage includes loosened 

bolts, detached seals, or slight cracking of concrete pedestals. 

Function is partially impaired. Requires repair prior to service. 

Figs. 6(b), 6(c), 6(d), 

8(a), 8(b), and 8(c) 

Severe damage 

(ds = 4) 

Significant residual deformation. Severe connection damage, 

including end-plate separation, bolt pullout, or extensive 

cracking. Pronounced rubber bulging or severe sliding 

mechanism impairment. Function is seriously compromised. 

Fig. 6(e) 

Destruction 

(ds = 5) 

Complete loss of kinematic and load-carrying capacity. 

Manifested by rubber or lead core fracture, slider derailment, or 

sliding interface failure. Often accompanied by severe tilting or 

overturning. 

Fig. 6(f) 

 245 

4.2 Supplemental energy-dissipation devices 246 

Supplemental energy-dissipation devices installed in the isolation layer are non-load-bearing components, and are 247 

primarily used to enhance the energy-dissipation capacity of the isolation layer and mitigate excessive lateral 248 

displacement demand during earthquakes. In current practice, metallic dampers and viscous fluid dampers are 249 

commonly used in combination with laminated rubber bearings.39 Among the metallic dampers, U-dampers as shown 250 

in Figure 9 are widely adopted, especially in Japan.40 It consists of upper and lower connection plates and U-shaped 251 

steel elements fastened to the plates by high-strength bolts. 252 
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FIGURE 9 Basic configuration of a U-damper. 

For metallic dampers, typical damage ranges from coating delamination and minor surface cracking to 253 

substantial residual deformation and severe damage to anchorage pedestals. Field observations from the 2008 Iwate-254 

Miyagi Nairiku earthquake demonstrated instances where U dampers experienced loosened connection bolts without 255 

visible residual deformation [Figure 10(a)].34 Conversely, under greater seismic demands, similar steel dampers 256 

exhibited pronounced buckling, residual deformation, and extensive paint peeling [Figure 10(c)].34 Lead dampers 257 

also displayed varying damage states, characterized by fine surface cracks in some instances [Figure 10(b)],34 and 258 

deep structural cracks in more severe cases [Figure 10(d)].34 Furthermore, reconnaissance following the 2016 259 

Kumamoto earthquake revealed critical connection failures, wherein the concrete pedestals anchoring the steel 260 

dampers suffered extensive spalling, reinforcement exposure, and tilting [Figure 10(e)].35 261 

   

(a) Loosened bolts3431 (b) Fine cracks on lead damper 34 (c) Buckled U damper3431 

  
(d) Deep cracks in lead damper 34 (e) Pedestal tilting and concrete spalling35 

FIGURE 10 Observed damage to metallic dampers. 

Viscous fluid dampers used in the isolation layer are similar to those used in vibration-controlled buildings 262 

[Figure 11]. Viscous fluid fills a steel cylinder, in which piston motion generates damping force by forcing the fluid 263 

travelling through orifices inside the cylinder. A pressure-regulating valve controls internal pressure and prevents 264 

excessive force at high relative velocities, thereby protecting the damper and its connections.41 265 

Connection Pressure-regulating valve Fluid reservoir

Piston rod Steel cylinder Piston Pressure chamber

Highly 

viscous fluid

 

FIGURE 11 Basic configuration of a viscous fluid damper. 

Surveys from the 2008 Iwate-Miyagi Nairiku earthquake identified viscous dampers with notable fluid leakage 266 

traces along the cylinder surfaces [Figure 12(a)].34 Extreme cases, such as those observed during the 2022 Luding 267 

earthquake, revealed unexpected global buckling of the damper, originated from loosened connection between the 268 

main and auxiliary cylinders [Figure 12(b)].42 Some dampers were detached from the concrete pedestals because of 269 
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anchorage failure. In addition, instances were reported where earthquake-induced velocity demands exceeded the 270 

design limit of the devices, inducing piston-rod locking and subsequent separation of the oil cylinder from its external 271 

sleeve [Figures 12(c) and 12(d)],10,42 resulting in complete loss of their function. 272 

  
(a) Traces of fluid leakage34 (b) Piston-rod buckling42 

  

(c) Anchorage failure10 (d) Cylinder-sleeve separation42 

FIGURE 12 Observed damage to viscous fluid dampers 

Compiling the observed damage, the damage states for supplemental energy-dissipation devices are described 273 

in Table 7. Given that these devices operate as non-gravity-bearing elements, their damage primarily affects the 274 

lateral energy-dissipation capacity during earthquakes. 275 

TABLE 7 Recommended classification of damage states for supplemental energy-dissipation devices. 276 

Damage state 

(ds) 
Damage features Example(s) 

Basically intact 

(ds = 1) 
No visible damage. Requires no repair for continued service. — 

Slight damage 

(ds = 2) 

Minor local damage, such as paint peeling, fine surface cracks, 

or loosened bolts. Function remains intact. Requires only minor 

repair. 

Figs. 10(a), 10(b) 

Moderate damage 

(ds = 3) 

Visible yielding, bending, or residual deformation. Local 

damage includes distinct surface cracking, minor piston-rod 

bending or scratching, localized cylinder deformation, or minor 

fluid leakage. Function is partially impaired. Requires repair 

prior to service. 

Figs. 10(c), 10(d), 

12(a) 

Severe damage 

(ds = 4) 

Severe deformation of the energy-dissipation element. Severe 

connection damage, including shear cracking or extensive 

concrete spalling in pedestals. Severe piston-rod buckling or 

substantial fluid leakage. Function is seriously impaired. 

Figs. 10(e), 12(b) 

Destruction 

(ds = 5) 

Complete loss of energy-dissipation function. Manifested by 

metallic damper fracture, piston-rod detachment, cylinder-sleeve 

separation, or complete anchorage failure. 

Figs. 12(c), 12(d) 

 277 

4.3 Nonstructural components within the isolation layer 278 

Nonstructural components within the isolation layer primarily include isolation gaps and their associated cover plates, 279 

utility pipelines crossing the isolation interface, infill walls, and staircases spanning the isolation gap. Although these 280 

elements are not part of the primary load-bearing system, their seismic damage can affect post-earthquake functional 281 

recovery and accessibility. 282 

In addition to the horizontal relative displacement across the isolation interface, vertical acceleration and 283 

vertical differential movement may increase the demands on pipeline supports, cover-plate connections, stair 284 
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connections, and other attachments within the isolation layer. However, the available reconnaissance reports in the 285 

present database primarily attributed the observed damage of these components to excessive horizontal displacement 286 

or inadequate deformation compatibility. 287 

The isolation gap is the clearance between the superstructure and the retaining walls. Figure 13 illustrates a 288 

typical detailing of isolation gaps for base-isolated buildings in China.43 Because of the lack of effective regulations 289 

and economic constraints, however, the intended construction detailing is frequently inadequate in the realistic 290 

practice, leaving the isolation gaps and their corresponding cover assemblies highly vulnerable under earthquakes.44-291 
47 292 

Isolation 

bearing

Isolation gap

Retaining wall

Brick wall

Cover plate

Exterior ground surface

Flexible filler

Drainage ditch

 

FIGURE 13 Typical configuration of a seismic moat. 

Field investigations following the 2023 Türkiye-Syria earthquakes reported instances where cover plates 293 

collided with the perimeter ground, resulting in edge crushing [Figure 14(a)].38 During the 2013 Lushan earthquake, 294 

movement of the superstructure displaced the cover plates of a base-isolated hospital by more than 200 mm. Several 295 

plates fell into the moat, leaving it exposed [Figure 14(b)].48 296 

  

(a) Seismic-moat cover plate with slight edge chipping38 (b) Fallen seismic-moat cover plate48 

FIGURE 14 Observed damage to seismic moats and cover plates. 

Beyond the perimeter isolation gap, damage to pipelines crossing the isolation interface can seriously affect the 297 

normal operation of the entire building. Reconnaissance from the 2022 Luding earthquake highlighted severe 298 

vulnerabilities in these pipelines, where relative displacements across the isolation layer of more than 200 mm 299 

induced tension fractures in the supporting brackets, causing detachment of the pipelines [Figure 15(a)].36 300 

Observations from a base-isolated school building during the same earthquake demonstrated that the absence of 301 

flexible joints caused tensile rupture and joint separation at pipeline joints [Figure 15(b)].36 302 

  
(a) Fractured and detached pipeline support bracket36 (b) Fracture at the joints of pipelines36 

FIGURE 15 Observed damage to pipelines within the isolation layer. 

Infill walls within the isolation layer are highly vulnerable to seismic damage. During the 2023 Türkiye-Syria 303 

earthquake sequence, infill partitions in the isolation layer, occupied as a parking area, of a base-isolated hospital 304 

sustained extensive cracking [Figure 16(a)].38 Such damage not only compromised the function of the space, but also 305 

suggested unintended restraint against the free translational movement of the isolation layer. The 2025 Myanmar 306 
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earthquake exposed other similar cases, where inadequate deformation compatibility resulted in the widespread 307 

detachment of ceramic veneers from infill walls [Figure 16(b)]. 308 

  
(a) Infill wall with severe cracking38 (b) Infill wall with detached ceramic tiles 

FIGURE 16 Observed damage to infill walls in the isolation layer. 

Inadequate construction detailing also led to severe damage in internal staircases crossing the isolation layer. 309 

During the 2025 Myanmar earthquake, architectural finishes near the stair corbels were severely damaged in a base-310 

isolated school building [Figure 17(a)]. In another case in the same earthquake, the staircase crossing the isolation 311 

layer suffered severe concrete spalling and exposed primary reinforcement, primarily due to the excessive restraint 312 

by the immediately adjacent masonry partitions [Figure 17(b)]. 313 

  
(a) Cracked and damaged staircase (b) Severely damaged staircase 

FIGURE 17 Observed damage to staircases within the isolation layer. 

Based on the observed damage, Table 8 describes the discrete damage states of nonstructural components within 314 

the isolation layer. Recognizing that these nonstructural elements do not bear gravity loads and their failure poses a 315 

comparatively lower threat to global structural safety than that of primary load-bearing components, the 316 

classification scheme caps their maximum damage state at severe damage, intentionally excluding the state of 317 

destruction. 318 

TABLE 8 Recommended classification of damage states for nonstructural components within the isolation layer 319 

Damage state 

(ds) 
Damage features Example(s) 

Basically intact 

(ds = 1) 

No obvious damage. Maintains adequate movement allowance. 

Requires no repair for continued service. 
— 

Slight damage 

(ds = 2) 

Minor damage, such as loosened cover plates, slight pipeline 

deformation without functional loss, or slight walls and staircase 

cracking. Requires minor repair. 

Fig. 14(a) 

Moderate damage 

(ds = 3) 

Obvious damage, including deformed cover plates, damaged 

pipeline connections, fractured brackets, or severe wall and 

staircase cracking. Requires repair prior to service. 

Figs. 15(a), 16(a), 

16(b), 17(a) 

Severe damage 

(ds = 4) 

Severe failures, including dislodged cover plates, ruptured 

pipelines, localized wall collapse, or impassable staircases. Basic 

function is seriously impaired or completely lost. 

Figs. 14(b), 15(b), 

17(b) 

 320 

4.4 Superstructure 321 

As mentioned in Section 3, the damage state of the superstructure in base-isolated buildings is evaluated in 322 

accordance with the established standard of GB/T 24335-2009.5 This section only summarizes the observed damage 323 

within the collected empirical dataset for the readers’ information, but does not introduce classification criteria for 324 

the superstructure. 325 
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It should also be recognized that conventional horizontal base isolation does not necessarily reduce the vertical 326 

seismic response of the superstructure, because commonly used elastomeric and frictional bearings are 327 

comparatively stiff in the vertical direction. Near-fault vertical ground motions may cause substantial fluctuations in 328 

column axial forces and increase vertical acceleration demands in beams and floor systems. Such effects may also 329 

be important for acceleration-sensitive nonstructural components and contents, including suspended ceilings, 330 

pipelines, rooftop equipment, storage systems, and medical equipment. Recent numerical studies of reinforced-331 

concrete hospital structures have shown that vertical response may remain significant when only horizontal isolation 332 

is provided, whereas combined horizontal and vertical isolation can reduce vertical acceleration demands.32,33 333 

Nevertheless, most reconnaissance reports used in the present database do not provide building-specific vertical 334 

ground-motion records or sufficient evidence to separate the effects of horizontal and vertical excitation. The 335 

following observations are therefore reported as empirical damage phenomena without attributing them exclusively 336 

to the vertical component of the earthquake. 337 

The primary structural members of the superstructures across all investigated base-isolated buildings remained 338 

intact. Seismic damage was localized within nonstructural components, including infill-wall cracking, displacement 339 

of unsecured contents, and damage to architectural finishes.49 For instance, during the 2008 Iwate-Miyagi Nairiku 340 

earthquake, anchor bolt failure at the base of a rooftop water tank in a base-isolated hospital in Ishinomaki induced 341 

severe tilting [Figure 18(a)].34 Similarly, in the 2016 Kumamoto earthquake, the extensive scattering of unsecured 342 

cabinet contents across a hospital floor necessitated subsequent repair and replacement effort [Figure 18(b)].50 343 

During the 2011 Great East Japan Earthquake, documents were widely dispersed throughout a base-isolated hospital 344 

in Ishinomaki, although critical medical monitors remained in place [Figure 18(c)].51 Following the 2023 Türkiye-345 

Syria earthquakes, a base-isolated hospital sustained distinct shear cracks within the nonstructural infill walls, 346 

leading to the suspension of its service for months after the earthquake [Figure 18(d)].38 These field observations 347 

demonstrate that while base-isolation effectively protects the primary structural systems of the superstructure, 348 

nonstructural damage can still significantly impair post-earthquake functional recovery. 349 

  
(a) Tilted water tank due to damage to the base bolts34 (b) Unsecured contents scattered from cabinets50 

  
(c) Immediate post-earthquake condition on the sixth floor51 (d) Damaged nonstructural wall38 

FIGURE 18 Observed damage in the superstructure of base-isolated buildings. 

5 EXAMPLES OF SEISMIC DAMAGE CLASSIFICATION FOR BASE-ISOLATED BUILDINGS 350 

5.1 A base-isolated building during the 2004 Niigata-ken Chuetsu Earthquake in Japan 351 

To demonstrate the hierarchical implementation of the proposed classification framework, two representative cases 352 

with different damage characteristics are selected for detailed illustration. The classification results of all 52 collected 353 

base-isolated buildings are summarized in Supplementary Table S1, providing an overall evaluation of the 354 

applicability of the proposed methodology across the complete empirical dataset. 355 

The first case is the Niigata Prefectural Senior Citizens’ Activity Center, which was investigated after the 2004 356 

Niigata-ken Chuetsu earthquake. 52-53 Located in Ojiya, Japan, this building features a reinforced concrete frame 357 

superstructure supported by an isolation layer integrating natural rubber bearings and sliding pads. 358 

Post-earthquake observations confirmed that the building functioned effectively as an emergency shelter 359 
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immediately after the earthquake [Figure 19(a)].52 The primary structural members of the superstructure remained 360 

intact, and no overturning or significant damage was documented among the nonstructural components, despite 361 

trivial damage to the exterior access steps [Figure 19(b)].52 Consequently, in accordance with GB/T 24335-2009, the 362 

superstructure damage state is classified as DSsup = 1. 363 

In the isolation layer, a few laminated rubber bearings exhibited slight residual deformation, albeit without 364 

visible damage to sealing materials or adjacent structural interfaces. These elements preserved their functionality 365 

and require only minor maintenance for continued service. The sliding pads presented sliding traces of approximately 366 

20 cm [Figures 19(c) and (d)].53 Applying the criteria in Table 6, these individual bearings are classified to sustain a 367 

damage state of ds = 2. Given that the fraction of bearings reaching this state falls within the range of 10% to 50%, 368 

the category-level damage state for the isolation bearings is determined as DSB = 2 according to Table 3. 369 

Although the excursion of the sliding bearings subjected the isolation layer to a maximum drift of approximately 370 

14 cm, no visible damage was recorded in the isolation gap, cover plates, pipelines, or other nonstructural 371 

components within the isolation layer. Therefore, these nonstructural components are classified as basically intact, 372 

corresponding to ds = 1 according to Table 8. Since no components reached ds = 2 or higher levels of damage states, 373 

the category-level damage state of the nonstructural components within the isolation layer is determined as DSN = 1 374 

according to Table 5.  375 

Based on these, applying Eq. (1) gives an isolation-layer damage state of DSiso = 2. Finally, synthesizing the 376 

superstructure with the isolation layer via Eq. (2) gives a global damage state of DS = 2 for the entire building, a 377 

condition of slight damage. The detailed assignment of category-level damage states and the aggregation process 378 

leading to the final building damage state are summarized in Table 9. 379 

  

(a) Occupied as an emergency shelter after the earthquake52 (b) Contents remained in place52 

  
(c) Isolation-bearing displacement53 (d) Residual deformation of the isolation bearing53 

FIGURE 19 Damage to a base-isolated building in the 2004 Niigata-ken Chuetsu Earthquake, Japan. 

TABLE 9 Summary of damage-state determination for the Niigata-ken Chuetsu earthquake case 380 

Component Damage state determination Assigned damage state 

Superstructure 

Primary structural members remained intact; no 

significant nonstructural damage affecting 

functionality 

DSsup = 1 

Isolation bearings 
A few bearings exhibited residual deformation and 

sliding traces; 10%–50% of bearings reached ds = 2. 
DSB = 2 

Supplemental energy-

dissipation devices 

No independent supplemental energy-dissipation 

devices were installed 
— 

Isolation-layer 

nonstructural components 

No visible damage to isolation gaps, cover plates, 

pipelines, or related components 
DSN = 1 

Isolation layer DSiso =  max(DSB,DSD,DSN)  DSiso = 2 

Overall building DS = max(DSsup,DSiso)  DS = 2 

 381 



16 

 

5.2 A base-isolated building during the 2022 Luding Earthquake in China 382 

The second case is a base-isolated school building of a college in Moxi Town, China, investigated using published 383 

reconnaissance reports from the 2022 Luding earthquake.10,36,42,54 The building has a frame-shear wall superstructure 384 

resting upon an isolation layer of lead-rubber bearings and viscous fluid dampers. 385 

For the superstructure, post-earthquake survey confirmed that the primary structure remained undamaged. 386 

However, it sustained nonstructural damage, such as infill-wall cracking, interior glazing breaking, and widespread 387 

detachment of suspended ceilings [Figure 20(a)].42 Although such nonstructural damage compromised the building’s 388 

operational functionality, precluding the immediate recovery of normal activities after the earthquake, it imposed no 389 

safety issues regarding the structural integrity. Consequently, the superstructure damage state is classified as DSsup = 390 

2 in accordance with GB/T 24335-2009.5 391 

In the isolation layer, most isolation bearings sustained no visible damage, thereby warranting an individual 392 

damage state of ds = 1 according to Table 6. A small subset of bearings exhibited superficial damage without residual 393 

deformation and are therefore assigned a damage state of ds = 2. Only a marginal proportion exhibited residual 394 

deformation [Figure 20(b)]36, corresponding to ds = 3. No bearings reached ds = 4 or ds = 5. Therefore, the 395 

component damage ratios fall in the ranges of 10%≤dr₂≤20%, and dr₃≤10%. According to the threshold matrix 396 

in Table 3, the category-level damage state for the isolation bearings is DSB = 2. 397 

In contrast to the isolation bearings, field surveys reported severe damage in more than 50% of the dampers, 398 

including overall buckling, buckling of external guide rods, anchorage detachment, weld failure of anchorage bars, 399 

and partial failure of concrete pedestals [Figures 20(c) and 20(d)], corresponding to an individual damage state of ds 400 

= 4 according to Table 7. Therefore, the component damage ratio of dampers at ds = 4 satisfies dr₄ > 50%. According 401 

to Table 4, the category-level damage state of the supplemental energy-dissipation devices is determined as DSD = 402 

3, the highest level of damage states for the non-load-bearing category. 403 

For the nonstructural components within the isolation layer, field evidence revealed that the significant lateral 404 

excursions between the primary structure and the adjacent retaining boundaries induced the separation of isolation 405 

gap cover plates [Figures 20(e) and 20(f)].10 With maximum separation of approximately 22 cm, several cover plates 406 

experienced severe fragmentation [Figure 20(g)],36 corresponding to a damage state of ds = 4 according to Table 8. 407 

In addition, the absence of flexible joints caused the water supply and sewage pipelines crossing the isolation layer 408 

to undergo fracture, buckling, detachment, and failure of supporting brackets [Figure 20(h)].36 Categorizing these 409 

elements as ds = 3 and the component damage ratios fall in the ranges of 10%≤dr₃≤30% and dr₄≤10%. According 410 

to Table 5, the category-level damage state of the nonstructural components within the isolation layer was determined 411 

as DSN = 2. 412 

Combining these category-level damage states, their maximum determines the damage state of the isolation 413 

layer, that is, DSiso = 3 according to Eq. (1). Finally, substituting DSsup = 2 and DSiso = 3 into Eq. (2) yields a global 414 

building damage state of DS = 3, a condition of moderate damage. The detailed assignment of category-level damage 415 

states and the aggregation process are summarized in Table 10. 416 

   

(a) Detached suspended ceiling in the 

superstructure42 

(b) Residual deformation of the 

isolation bearing36 
(c) Buckled damper54 
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(d) Failure of damper anchorage54 
(e) Separation of the seismic-moat 

cover plate10 
(f) Exposed seismic moat10 

  

            (g) Broken seismic-moat cover plate42 (h) Damaged pipeline36 

FIGURE 20 Damage to a base-isolated building in the 2022 Luding Earthquake, China. 

TABLE 10 Summary of damage-state determination for the Luding earthquake case 417 

Component Damage state determination Assigned damage state 

Superstructure 

Primary structural members remained intact, but 

nonstructural damage such as infill-wall cracking, 

glazing damage, and suspended ceiling detachment 

affected post-earthquake functionality 

DSsup = 2 

Isolation bearings 

Most bearings remained intact (ds = 1), a small number 

exhibited superficial damage (ds = 2), and only a 

marginal proportion showed residual deformation (ds 

= 3) 

DSB = 2 

Supplemental energy-

dissipation devices 

More than 50% of dampers experienced severe 

damage, including buckling and anchorage failure (ds 

= 4) 

DSD = 3 

Isolation-layer 

nonstructural components 

Individual components reached ds = 3–4 due to 

damage of moat cover plates and pipelines; according 

to the damage-ratio thresholds, the category-level 

damage state was DSN = 2 

DSN = 2 

Isolation layer DSiso =  max(DSB,DSD,DSN)  DSiso = 3 

Overall building DS = max(DSsup,DSiso)  DS = 3 

 418 

To summarize, the building in the Niigata earthquake case was classified as slight damage (DS = 2), a result 419 

that aligns with the facility’s immediate post-earthquake occupancy as an emergency shelter with minimal 420 

maintenance requirements. In the Luding earthquake case, despite the structural integrity of the superstructure, the 421 

severe damage to the energy-dissipation devices and nonstructural components in the isolation layer led to a 422 

moderate damage state (DS = 3). Such damage greatly hindered the functional recovery and led to a prolonged 423 

suspension of normal occupancy of the building. These comparisons underscore that the proposed classification 424 

framework reasonably captures the distinct characteristics of base-isolated buildings in terms of post-earthquake 425 

repair difficulty, economic impact, and downtime. 426 

6 CONCLUSIONS 427 

Based on the global post-earthquake reconnaissance data from 52 base-isolated buildings affected by 11 destructive 428 

earthquakes, this study summarizes the typical damage patterns of isolation bearings, supplemental energy-429 

dissipation devices, nonstructural components within the isolation layer, and the superstructure. Within the 430 

framework of current Chinese seismic damage classification standards, a practical methodology is proposed to assist 431 

field surveys and damage statistics. The primary conclusions are as follows. 432 

(1) Distinct from conventional earthquake-resistant buildings, base-isolated buildings exhibit damage primarily 433 

localized in the isolation layer. In the collected dataset, primary structural members of the superstructure remained 434 

fundamentally intact, with damage only confined to internal nonstructural components. 435 

(2) The anchorage and connection of isolation bearings and dampers represent critical vulnerabilities under 436 

earthquakes, requiring attention during design, construction, and post-earthquake inspection. Nonstructural damage 437 

within the isolation layer is concentrated in isolation gap covers, pipelines crossing the isolation interface, and 438 
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components that impose restraints on lateral drift, such as staircases and infill walls. 439 

(3) A hierarchical classification framework based on component damage ratios was established. By independently 440 

quantifying the damage states of isolation bearings, dampers, and nonstructural components, and subsequently 441 

enveloping them with the superstructure’s condition, the framework provides a practical and robust assessment of 442 

the global building damage state. 443 

While this study leverages a substantial empirical dataset, detailed damage records for base-isolated buildings 444 

remain limited. The proposed method therefore assumes equal weighting among individual components, consistent 445 

with current empirical classification practice, but does not explicitly account for differences in mechanical properties, 446 

locations, tributary loads, or functional importance. Damage to critical load-bearing components, such as isolation 447 

bearings and their connections, may have a greater influence on structural safety than damage to secondary 448 

components. Future studies may incorporate component importance factors when sufficient empirical data become 449 

available. 450 

The damage-ratio thresholds adopted in this study are derived from existing Chinese seismic damage 451 

assessment standards and are intended as practical engineering criteria rather than statistically optimized parameters. 452 

A formal sensitivity analysis was therefore not conducted, although cases near the predefined boundaries may be 453 

affected by threshold variations. As current damage classification still relies largely on qualitative or semi-454 

quantitative descriptions, future studies using larger quantitative databases should examine threshold robustness and 455 

develop more performance-oriented criteria incorporating functional loss, repair consequences, and seismic 456 

resilience. 457 
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SUPPLEMENTARY TABLE S1. Damage-state determination results for the 52 base-isolated buildings 

No. Earthquake Isolation bearing type Supplemental energy-dissipation device type DSB DSD DSN DSiso DSsup DS 

(1) Niigata-ken Chuetsu Earthquake Natural rubber bearing; elastic sliding bearing — 2 — 1 2 1 2 

(2) Iwate-Miyagi Nairiku Earthquake High-damping rubber bearing — — — 2 2 2 2 

(3) Iwate-Miyagi Nairiku Earthquake High-damping rubber bearing — 2 — 2 2 2 2 

(4) Iwate-Miyagi Nairiku Earthquake Natural rubber bearing Lead damper; U-damper 1 2 1 2 3 3 

(5) Iwate-Miyagi Nairiku Earthquake Natural rubber bearing; elastic sliding bearing — — — 1 1 2 2 

(6) Iwate-Miyagi Nairiku Earthquake Natural rubber bearing Lead damper; Ring-shaped steel damper — 2 1 2 2 2 

(7) Iwate-Miyagi Nairiku Earthquake Lead-rubber bearing; elastic sliding bearing U-damper 3 1 1 3 1 3 

(8) Iwate-Miyagi Nairiku Earthquake Natural rubber bearing; elastic sliding bearing U-damper 2 2 1 2 3 3 

(9) Iwate-Miyagi Nairiku Earthquake Natural rubber bearing; elastic sliding bearing — 1 — — 1 1 1 

(10) Iwate-Miyagi Nairiku Earthquake Natural rubber bearing; elastic sliding bearing — 1 — 1 1 2 2 

(11) Iwate-Miyagi Nairiku Earthquake Natural rubber bearing; elastic sliding bearing — 1 — 1 1 1 1 

(12) Iwate-Miyagi Nairiku Earthquake Natural rubber bearing; elastic sliding bearing — — — 1 1 2 2 

(13) Iwate-Miyagi Nairiku Earthquake Natural rubber bearing; elastic sliding bearing — 1 — — 1 1 1 

(14) Iwate-Miyagi Nairiku Earthquake Natural rubber bearing; elastic sliding bearing — 1 — 1 1 2 2 

(15) Iwate-Miyagi Nairiku Earthquake Natural rubber bearing; lead-rubber bearing Viscous fluid damper 2 2 2 2 1 2 

(16) Iwate-Miyagi Nairiku Earthquake Natural rubber bearing; lead-rubber bearing Viscous fluid damper — — 2 2 1 2 

(17) Iwate-Miyagi Nairiku Earthquake Natural rubber bearing Viscous fluid damper; Lead damper 1 3 1 3 — 3 

(18) Wenchuan Earthquake Rubber isolation pad — 1 — 1 1 1 1 

(19) Great East Japan Earthquake Rubber isolation pad — 1 — 1 1 1 1 

(20) Great East Japan Earthquake Natural rubber bearing; elastic sliding bearing (Damper exists, but the type is not specified) 2 1 1 2 1 2 

(21) Great East Japan Earthquake Elastic sliding bearing U-damper 1 2 1 2 1 2 

(22) Lushan Earthquake Natural rubber bearing; lead-rubber bearing — 1 — 3 3 2 3 

(23) Kumamoto Earthquake Natural rubber bearing; lead-rubber bearing — 4 — 2 4 3 4 

(24) Kumamoto Earthquake Natural rubber bearing; tin-core rubber bearing U-damper 4 3 3 4 3 4 

(25) Kumamoto Earthquake Natural rubber bearing Lead damper; U-damper 1 3 3 3 1 3 
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(26) Kumamoto Earthquake Natural rubber bearing; elastic sliding bearing U-damper 1 1 1 1 1 1 

(27) Kumamoto Earthquake High-damping rubber bearing Viscous fluid damper 2 1 1 2 3 3 

(28) Kumamoto Earthquake High-damping rubber bearing — 2 — 1 2 2 2 

(29) Kumamoto Earthquake Natural rubber bearing Lead damper; U-damper 3 3 3 3 2 3 

(30) Kumamoto Earthquake Natural rubber bearing; lead-rubber bearing — 2 — 2 2 2 2 

(31) Luding Earthquake Lead-rubber bearing — 4 — 4 4 3 4 

(32) Luding Earthquake Lead-rubber bearing Viscous fluid damper 2 3 3 3 3 3 

(33) Luding Earthquake Lead-rubber bearing (Damper exists, but the type is not specified) 1 — 2 2 1 2 

(34) Luding Earthquake Lead-rubber bearing — 1 — 2 2 1 2 

(35) Luding Earthquake Lead-rubber bearing — 2 — 1 2 1 2 

(36) Luding Earthquake Lead-rubber bearing — 1 — 2 2 1 2 

(37) Luding Earthquake Lead-rubber bearing (Damper exists, but the type is not specified) 1 — 1 1 1 1 

(38) Luding Earthquake Lead-rubber bearing — 2 — 2 2 1 2 

(39) Luding Earthquake Natural rubber bearing — 1 — 1 1 2 2 

(40) Luding Earthquake Natural rubber bearing — 1 — 1 1 1 1 

(41) Türkiye-Syria Earthquakes Friction pendulum bearing — 2 — 2 2 2 2 

(42) Türkiye-Syria Earthquakes Friction pendulum bearing — 1 — 1 1 1 1 

(43) Türkiye-Syria Earthquakes Friction pendulum bearing — 3 — 3 3 4 4 

(44) Türkiye-Syria Earthquakes Friction pendulum bearing — 1 — 1 1 2 2 

(45) Türkiye-Syria Earthquakes Friction pendulum bearing — 2 — 1 2 1 2 

(46) Myanmar Earthquake Natural rubber bearing — 2 — 1 2 — 2 

(47) Myanmar Earthquake Natural rubber bearing — — — 3 3 3 3 

(48) Myanmar Earthquake Natural rubber bearing — — — 3 3 3 3 

(49) Hualien Earthquake Lead-rubber bearing — 2 — 2 2 2 2 

(50) Great Hanshin-Awaji Earthquake Natural rubber bearing — 2 — 1 2 2 2 

(51) Great East Japan Earthquake Natural rubber bearing Lead damper; U-damper 2 2 1 2 1 2 

(52) Great East Japan Earthquake Natural rubber bearing — 1 — 1 1 1 1 
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