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The report summarizes the observed damage to a variety of buildings near the epicenter of the M6.8 Luding
earthquake in Sichuan Province, China. They include base-isolated buildings, multi-story reinforced concrete (RC)
frame buildings, and masonry buildings. The near-ﬁeld region is known to be tectonically highly active, and the
local intensity level is the highest, that is, 0.4g peak ground acceleration (PGA) for the design basis earthquake, in
the Chinese zonation of seismic ground motion parameters. The extent of damage ranged from the weak-story
collapse that claimed lives to the extensive nonstructural damage that suspended occupancy. The report highlights the ﬁrst observation of the destruction of rubber bearings and viscous dampers in the isolation layer of
Chinese seismically isolated buildings. It also features the rare observation of the brittle shear failure of RC
columns in moment-resisting frames in a region of such a high seismic design requirement. Possible reasons that
may have attributed to the reported damage are suggested by providing facts observed in the ﬁeld. However,
careful forensic analyses are needed before any conclusive judgment can be made.

1. Introduction
On September 5, 2022, an M 6.8 earthquake struck Luding county,
Sichuan Province, southwestern China. As of 17:00 September 11, 93
people were killed and 25 were missing in the earthquake (CCTV News,
2022). According to the intensity map announced by the Ministry of
Emergency Management of China on September 11 (MEM, 2022), the
maximum intensity based on an extensive ﬁeld survey was IX on a
modiﬁed Mercalli (MM) scale (GB/T 17742–2020, 2020) covering a region of 280 km2 within the municipal territories of the four towns of
Moxi, Detuo, Yanzigou, and Dewei. While a majority of the fatality was
attributed to earthquake-induced landslides, building collapse that
claimed lives was concentrated in un-engineered rural houses in mountainous villages near the epicenter.
This report focuses, however, on the seismic damage to engineered

buildings. While all buildings mentioned in this report fell within the
region of MM Intensity IX, most of them were in the tourist town of Moxi,
as shown in the enlarged map in Fig. 1. In Fig. 1, each building is labeled
by a colored box with a capital letter indicating the structural system. The
colors green, yellow, and red indicate a post-quake state of immediate
occupancy, occupancy suspended, and no access, respectively. For most
buildings, the state was classiﬁed by local engineers based on a quick
inspection immediately after the earthquake as an emergency response
effort. For Bldg. M1, M2, F6, and F7, however, the state was based on the
in-ﬁeld judgment of the authors because they were still under construction and were not tagged by local engineers. The capital letters B, F, and
M in the boxes refer to base isolation, RC moment-resisting frame, and
masonry, respectively. In each category, different buildings are distinguished by the number that follows the capital letter. The locations of the
epicenter and four strong motion stations are also depicted in Fig. 1. All
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Fig. 1. Overview of the locations and extents of damage to buildings of concern in this report.

recorded the largest PGA of 0.68g in the NS component, slightly
exceeding the PGA demand of 0.63g at the MCE level. At both the MX and
DT stations, the recorded PGAs exceeded the respective local PGA demands at the DBE level. It is also worth noting that the MX station
recorded the largest PGV of 61.2 cm/s in the EW component. The PGV of
44.9 cm/s in its vertical (UD) component was also signiﬁcant.
The acceleration spectra Sa(T) of the records are compared with the
respective local design spectra at the DBE and MCE levels in Fig. 2. The
maximum spectral acceleration Sa,max on the design spectrum equals
PGA/0.45 as per the seismic code (GB50011-2010, 2016). The acceleration spectrum of the HLG record, the closest to the epicenter, featured
high-frequency contents, which much exceeded the MCE level design
spectrum (Fig. 2(a)). On the other hand, the acceleration spectra of all
three components of the YZG record, the farthest station from the
epicenter among the four, were way below the DBE level design spectrum, although there was rich content around the period of 1s (Fig. 2(d)).
Of the greatest interest is the MX record because it was closest to most of
the buildings of concern in this report. The acceleration spectrum of its
EW component exceeded the local DBE level design spectrum in a wide
period range. It approached and even slightly exceeded the MCE level
spectrum at a period range of 1–1.5 s, while the short-period contents
were only equivalent to the DBE level design spectrum (Fig. 2(b)). This
suggested a higher demand for taller and more ﬂexible structures with a
vibration period of around 1 s.
With the strong motion environment as a background, the next three
sections summarize the seismic damage to buildings of three different
types of structural systems, namely, seismically isolated structure, RC
moment-resisting frame structure, and masonry structure. After that,
Section 6 gives an example of a building with no visible structural
damage but extensive nonstructural damage.

Table 1
Peak ground acceleration (PGA) and peak ground velocity (PGV) of near-ﬁeld
ground motion records.
Station ID

HLG
MX
DT
YZG

PGA (g)

PGV (cm/s)

EW

NS

UD

EW

NS

UD

0.35
0.45
0.28
0.12

0.68
0.31
0.39
0.09

0.56
0.41
0.18
0.18

19.6
61.2
22.0
20.4

33.3
28.6
33.3
9.2

14.3
44.9
12.9
6.8

buildings of concern are within 15 km of the epicenter and within 5 km of
the active fault.
2. Strong ground motion records in the inspected region
Three-component strong ground motion records were obtained at
four stations near the inspected region, namely, HLG for Hailuogou, MX
for Moxi, DT for Detuo, and YZG for Yanzigou. The ﬁrst three stations
were equipped with low-cost micro-machined (MEMS) accelerographs
for earthquake early warning, while only the YZG station was equipped
with a high precision accelerograph for strong motion observation. The
peak values of the acceleration and velocity time histories, ﬁltered by a
bandwidth of 0.2 Hz–30 Hz, of the four records are listed in Table 1.
According to the latest zonation map of seismic ground motion parameters of China (GB18306-2015, 2015), the PGA demand for the towns
of Moxi and Yanzigou, where the HLG, MX, and YZG stations were
located, is 0.40g at the design basis earthquake (DBE) level. It corresponds to Intensity 9 for the seismic design of buildings as per the Chinese seismic code (GB50011-2010, 2016), for which the corresponding
PGA demand at the maximum considered earthquake (MCE) level is
0.63g. For the town of Detuo, where the DT station was located, the PGA
demands at the DBE and MCE levels are 0.30g and 0.52g, respectively.
Among the four stations, HLG was closest to the epicenter and

3. Seismically base-isolated buildings
The construction of modern seismically isolated buildings was initiated in the early 1990s in the Chinese mainland. However, the technique
2
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Fig. 2. Acceleration spectra of strong ground motion records in the near-ﬁeld area (5% damping ratio).

Fig. 3. Front view of Bldg. B1 with a base-isolated main building and two ﬁxed-base podiums.

cities. As far as we know, they were the only base-isolated buildings
within the regions of MM Intensities IX and VIII in this earthquake. Both
buildings sustained severe damage to the isolation layer disproportionate
to the intensity of the earthquake.

has not been widely accepted until after the 2008 M 8.0 Wenchuan
earthquake. With the enforcement of relevant laws, administrative orders
(Standing Committee of the National People's Congress of China, 2008,
State Council of China, 2021), and the seismic provisions (GB
50011–2010, 2010, JGJ297-2013, 2013, GB/T 51408–2021, 2021), the
number of constructed base-isolated buildings has increased from no
more than 200 by the end of 2007 to at least 5 700 in 2018. Although
complete census data is not yet available, it is believed that the number of
base-isolated buildings in the Chinese mainland has exceeded ten thousand. In this background of rapid growth, it was not surprising to ﬁnd two
base-isolated buildings (B1 and B2 in Fig. 1) in and near the town of
Moxi, even if it is a remote and mountainous town far away from major

3.1. A 6-story ofﬁce building on a college campus (B1)
Bldg. B1 was a newly built ofﬁce building on a college campus several
kilometers to the northwest of Moxi (Fig. 3). The construction had been
completed but it seemed that the building had not yet been fully occupied
since many ofﬁce rooms were empty when we visited.
The main building had six ﬂoors above ground and a single-story
3
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Fig. 4. Plan layout of isolation layer of Bldg. B1 (unit: m).

Fig. 5. (a) LRB1100 lead rubber bearing on Axes D and 8 and damage to viscous damper along Axis 8 between Axes C and D: (b) global view, (c) exposed thread on the
cylinder, and (d) buckled piston rod and dislocated gusset connection.

to the piston rod, the cylinder, and the anchorage of the pin connection.
To our knowledge, this was the ﬁrst in-ﬁeld observation of such heavy
damage to viscous dampers in base-isolated buildings in the Chinese
mainland.
As an example, a viscous damper of approximately 5 m long along
Axis 8 in the transverse direction of the building buckled globally, and
the pin joint at one end of the damper was pulled out and fell (Fig. 5(b)).
The threaded joint of the steel cylinders was exposed (Fig. 5(c)), and the
piston rod was bent and stuck in the cylinder (Fig. 5(d)). Such a failure
indicated that the damper had sustained considerable axial forces in both
tension and compression. A possible explanation of what happened was
this. The anchorage of the connection was ﬁrst broken by a large tensile
force. The pin joint fell and rested on the fences of concrete blocks that

basement above the isolation layer. The superstructure was supported by
a total of 54 rubber bearings of 1 100 mm diameter, including 46 lead
rubber bearings (LRB1100, Fig. 5(a)) and 8 laminated natural rubber
bearings (LNB1100). Twelve viscous ﬂuid dampers (VFDs) were arranged in two orthogonal directions. The plan layout of the isolation
layout of the main building is depicted in Fig. 4. The top mat of the
isolation layer was separated by a 700-mm-wide isolation gap (clearance)
from the surrounding moat walls. The main building was connected to
some ﬁxed-base structures over the isolation gap, including two 2-story
podiums of RC frames, large stairs at the main entrance, and a singlestory RC frame platform at the back entrance.
While no damage or visible residual deformation was found on the
rubber bearings [Fig. 5(a)], the viscous dampers sustained severe damage

4
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Fig. 6. Damage to viscous damper along Axis C between Axes 6 and 7: (a) global view, (b) failure of gusset connection, (c) dislocated gusset plate, and (d) remaining
anchor bars.

Fig. 7. Damage to pipes that went through the isolation gap: (a) bent steel riser pipes of DN125 and breakage of pipe clamps, (b) close-up view of broken pipe clamps,
and (c) broken PVC sewage pipes.

At the main entrance, the cladding tiles and the precast concrete cover
plates over the isolation gap were crushed (Fig. 8(a)). Similar damage has
also been observed on a base-isolated hospital building in the 2013 M 7.0
Lushan earthquake in China. It has been a typical problem for baseisolated buildings in China and abroad (Kasai et al., 2013). Along Axis
D, there was a residual gap of approximately 200 mm wide between the
top mat of the isolation layer and the concrete cover plates over the
isolation gap [Fig. 8(b)]. It indicated that the cover plates were pushed
away by the superstructure and were not able to recenter. Therefore, this
200 mm residual gap may serve as a lower-bound estimate of the
maximum lateral drift of the isolation layer during the earthquake.
Despite the severe damage to the isolation layer and expansion joints
along the isolation gap and between adjacent structures, the superstructure was intact during the earthquake with only minimum
nonstructural damage such as the overturning of some cabinets and
suspended use of the elevators. The building was tagged yellow by local
engineers to suspend its occupancy.
On the same campus, there were two conventional ﬁxed-base RC

surrounded the hanging RC pier (Fig. 5(d)). Then the RC pier moved
towards the misaligned damper and pushed it to buckle.
This guess was supported by the failure pattern of another viscous
damper along Axes C, whose pin joint also fell (Fig. 6). Because there was
no fence for the fallen end of the damper to rest on, the damper could not
be pushed after it fell even if the hanging RC pier moved towards it. Local
specialists who also inspected the isolation layer reported that similar
damage was found in all 12 dampers.
Typical damage to piping and exterior ﬂoor cladding was also
observed at the isolation gap. Concretely, the water supply and sewage
pipes that passed through the isolation gap were broken, and water
leakage was still going on when we visited (Fig. 7). The basement was
ﬂooded. The steel riser pipes with a diameter of approximately 140 mm
exhibited a large residual deformation (Fig. 7(a) and (b)), indicating an
even larger maximum lateral drift in the isolation layer during the
earthquake. These pipes were provided with no ﬂexible joints, which are
required by the Chinese Standard for Seismic Isolation Design of Building
(GB/T 51408–2021, 2021).

5
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Fig. 8. Damage around isolation gap: (a) ﬂoor cladding on the stair at the main entrance and (b) residual gap between the isolated mat and concrete panels that
covered the isolation gap.

Fig. 9. RC buildings next to Bldg. B1.

because they differed in plan dimensions and the number of stories, and
more importantly, because the unique frequency contents of the speciﬁc
ground motion that they experienced may be in favor of short-period
ﬁxed-base buildings. However, it provided a speciﬁc case where ﬁxedbase buildings outperformed a nearby base-isolated building on the
same site in terms of quick recovery and resilience.
Although a detailed model is not yet available, the properties of the
rubber bearings and the dimensions of the superstructure allow for a
rough estimate of the fundamental periods of Bldg. B1. It suggests that

buildings next to Bldg. B1 (Fig. 9), which were very likely to have
experienced almost the same ground motion during the earthquake. They
were also newly built and were tagged green by local engineers for
continuous use. One of them, a two-story building, was occupied as a
service center for the emergency response force when we visited on
September 16, eleven days after the earthquake. The comparison between the post-quake occupancy states of the base-isolated Bldg. B1 and
the two ﬁxed-base buildings should not be generalized to judge the superiority of the seismic performance of the two structural systems,
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Fig. 10. Photo of Bldg. B2.

Fig. 11. Damage to isolation rubber bearings: (a) setup of a corner bearing of LRB600, (b) partial rupture at the bottom, (c) complete rupture at the bottom (courtesy
of Dr. Wen Bai at IEM), and (d) complete rupture on top (courtesy of Dr. Wen Bai at IEM).

assuming a ﬁxed base is roughly 0.5 s. Although the local records were
featured by rich content in the medium period range (MX and YZG records in Fig. 2(b) and (d)), an elongation of the period from 0.5 to more

the equivalent isolation period at 100% shear strain of the rubber
(approximately corresponding to a 200 mm lateral drift at the isolation
layer) is 2.3 s and the fundamental period of the superstructure itself

Fig. 12. Damage to precast concrete cover panels on isolation gap: (a) dislocated and fallen panels, (b) fractured ﬁnishing on façade, and (c) residual gap between the
isolated superstructure and dislocated cover panel.
7
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Fig. 13. Damage to sewage pipes in isolation layer.

Fig. 14. RC buildings nearby Bldg. B2: (a) overview of Bldg. F1, (b) diagonal cracks on masonry inﬁlls of Bldg. F1, (c) overview of Bldg. F2, and (d) extensive damage
to masonry inﬁlls of Bldg. F2.

However, severe damage from partial to complete rupture of the
rubber layers was observed on many isolators (Fig. 11), which may not
have been noticed by the local engineers during their quick inspection.
Although unintentionally, it presented a case of fail-safe isolation, in
which some components of the system are “sacriﬁced” to safeguard the
rest of the building (Kelly and Beucke, 1983; Qu and Ye, 2009, Obayashi
Corporation, 2021). Nevertheless, it would be time-consuming and
expensive to replace the damaged rubber bearings to fully restore the
function. Again, this was the ﬁrst in-ﬁeld observation of the complete
rupture of rubber bearing isolators in Chinese base-isolated buildings to
our knowledge.
In addition to the ruptured rubber bearings, Bldg. B2 also exhibited
typical damage to the concrete cover plates over the isolation gap
(Fig. 12) and the low-cost sewage piping system in the isolation layer
(Fig. 13). The residual gap between the superstructure and the dislocated
cover panels was approximately 200 mm, accidentally like that of the
Bldg. B1 [Fig. 12(c)]. The maximum shear strain in the rubber bearings at
a 200 mm lateral drift was approximately 110%, considering that the

than 2 s should have had a signiﬁcant beneﬁt for the seismic protection of
Bldg. B1, if the premature failure of the viscous dampers, piping, and the
isolation gap were avoided through careful design and proper
construction.

3.2. A 4-story commercial building (B2)
The other base-isolated building was a 4-story ofﬁce and dormitory
building in Moxi (Fig. 10). The project was initiated in 2014 and the
original design was revised to increase the seismic design demand
following the M6.3 Kangding earthquake on November 24, 2014, whose
epicenter was approximately 80 km away from the site. The construction
was completed in 2016. The superstructure rested on top of an isolation
layer of lead rubber bearings of LRB600 and LRB700. The superstructure
remained intact during the earthquake. The nonstructural damage in the
superstructure was limited to slight cracking of the masonry inﬁlls and
the falling of some interior cladding tiles. The building was tagged green
for continuous use by local engineers.
8
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Fig. 15. Aerial view of the museum at the northwestern corner of the town of Moxi (courtesy of Dr. Xiang-Zhao Chen at IEM).

Fig. 16. Tibetan-style façade and plan layout of 1st story of Bld. F6.

system for multi-story public buildings, such as schools, administrative
ofﬁces, and museums in the Chinese mainland. In Moxi, it is also widely
used for private residences. In the last section, the seismic performance of
some RC frame buildings is brieﬂy reviewed in comparison with the
nearby isolated buildings. In this section, much severer damage to some
other RC frame buildings is introduced in detail.

height of the isolator was approximately 270 mm and assuming that the
total thickness of the rubber layers was 2/3 of the height. Such a small
shear strain was far away from the 400% limit shear strain required by
the Chinese isolation design standard for isolation rubber bearings (GB/T
51408–2021, 2021). In addition to possible quality issues, the strong
vertical motion as suggested by the high PGV of 44.9 cm/s in the UD
component of the MX record (Table 1) may have also attributed to this
premature failure.
Two RC moment frame buildings nearby the base-isolated Bldg. B2
were tagged yellow by local engineers (F1 and F2 in Fig. 14). Bldg. F1
was a 2-story factory and Bldg. F2 was a 9-story residence under construction. In both buildings, no damage was observed to the structural
components, while the masonry inﬁlls were extensively damaged.

4.1. Tibetan-style RC frames for an art museum (F6 and F7)
Among a collection of RC frame buildings of a Tibetan art museum at
the northwestern corner of the town of Moxi, two frames, labeled as F6
and F7, sustained severe damage to their RC columns (Fig. 15). Local
people recalled that the project was initiated in 2007, before the great M
8.0 Wenchuan earthquake whose epicenter was approximately 200 km
away from the site, and the construction process has been suffering from
a lack of investment. When the Luding earthquake struck, the structures
of the buildings have been completed, but the decoration and installation

4. Reinforced concrete moment-resisting frames
The RC moment-resisting frame is the most widely used structural
9
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Fig. 17. Failure of column ends in the left-hand-side segment of Bldg. F6.

Fig. 18. Damage to column ends of Bldg. F6.

following concerns regarding the detailing of the RC columns were raised
by the in-ﬁeld observation of the damaged column ends: (1) Although the
stirrup hoops and ties were placed at a reasonable interval of approximately 100 mm at the column ends, the bends were insufﬁcient in terms
of both the length and bent angle (Fig. 18(a) and (b)). Such short and 90deg bends have been known unable to provide adequate conﬁnement for
the core concrete under combined axial and shear loads since the 1968
Tokachi-oki earthquake in Japan (Hisada et al., 1972) and are not
allowed by world major concrete codes even in their earlier editions
(GB50010-2002, 2002, ACI 318M-05, 2005, AIJ, 1994). (2) Lap slices of
the φ25 longitudinal rebars were found near the column base. They may
have not provided enough bonds for the longitudinal rebars at such
critical locations (Fig. 18(c)). (3) In contrast to the dense stirrups at the
bottom ends, the stirrups near the top ends of the columns seemed to
have been spaced at a much larger interval (Fig. 18(d) and (e)). (4) The
quality of the concrete seemed poor since little sign of coarse aggregates
was found in the debris.
The other heavily damaged RC frame in the same museum (Bldg. F7)

of nonstructural elements were still pending.
Bldg. F6 was a 2-story RC moment-resisting frame with a regular plan
layout of frame columns as shown in Fig. 16. It was divided by an
expansion joint between Axes 6 and 7 into two segments probably to
reduce the inﬂuence of thermal stress.
While both segments sustained severe damage to the column ends,
the damage to the left-hand-side segment between Axes 1 and 6 was
especially astonishing. All columns were destroyed in the transverse direction of the building, with tremendous shear failure or ﬂexural hinging
at one or both ends (Fig. 17). A major difference between this frame from
typical RC frames lay in the existence of four RC brackets at the top end of
each column. The brackets were intended to mimic “Que-Ti” in Chinese
ancient timber architecture. The brackets were approximately 1 m high
at the ends, greatly enhancing the beam ends and prohibiting the frame
from forming a preferable “strong column-weak beam” mechanism under
strong earthquakes (Paulay and Priestley, 1992).
The columns had a square cross-section of 500 mm-by-500 mm with
16φ25 deformed longitudinal rebars and φ10 plain stirrups. The
10
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Fig. 19. Tibetan-style stone façade and plan layout of Bldg. F7.

was one of the segments that form a squared ring like a cloister (Fig. 19).
Despite the ancient appearance of Tibetan architecture, it was an RC
frame structure with a similar plan to Bldg. F6. But it differed from Bldg.
F6 in several aspects: (1) the column cross-section was 400 mm-by-400
mm, much smaller than those of Bldg. F6; (2) the ﬁrst story was
approximately 5.3 m high, making the 1st-story columns very slender,
and the second story was only 3.6 m high; (3) there were no brackets at
the top ends of the columns.
Though less astonishing than what happened to Bldg. F6, the RC
frame of Bldg. F7 sustained a residual drift along its transverse direction
as large as approximately 3% of the story height (Fig. 20). Accordingly,
the column ends sustained damage from concrete spalling and rebar
exposure (Fig. 21). Concretely, a weak-story mechanism, or a columnhinge mechanism, had formed in the soft 1st story.
In addition to the design and construction issues that may attribute to
the severe damage of Bldg. F6 and F7, the terrace effect may also have
played a role. As seen in Fig. 15, the museum was next to a river valley.
In-ﬁeld geologists suggested that the terrace riser was more than 100 m

Fig. 20. Signiﬁcant lateral drift of the damaged segment with respect to the
neighboring segment.

Fig. 21. Damage to column ends of Bldg. F7.
11
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Fig. 22. Global view of Bldg. F4 and damage to its transverse masonry inﬁll.

Fig. 23. (a) Structural plan layout, (b) transverse elevation, and (c) photo of the open corridor of Bldg. F4.

recommended for RC frames by the revised Chinese seismic code two
years after the Wenchuan earthquake (GB50011-2010, 2010). In Bldg.
F4, all the 20 columns were damaged at the ends and a column-hinge
mechanism formed. Fig. 24 shows some selected photos of the damage.
Columns A1 and A2 exhibited similar damage patterns, where the
damage was concentrated at both the top and the bottom ends. It indicated that the spandrels of hollow concrete blocks were too weak to
restrain the columns detrimentally. In addition, the outdoor staircase on
one end of the building (to the left of Axis 1) also sustained severe
damage in the stair slabs on the 1st story (Fig. 25).

high. Among the buildings of the museum, Bldg. F6 and F7 were the two
frames closest to the terrace riser, and their damage was also much more
signiﬁcant than other buildings on the same campus.
4.2. An abandoned classroom building (F4)
Bldg. F4 was a classroom building for the middle school of Moxi away
from the river valley and was abandoned when the earthquake struck. It
was a 4-story RC frame with masonry inﬁlls (Fig. 22). The masonry inﬁlls
were made of hollow concrete blocks, a commonly used material for
inﬁlls in Chinese RC frame structures (Xie et al., 2022), and sustained
extensive cracking under the earthquake.
Extensive column hinging was found on the RC frame. The frame had
only a single span in the transverse direction and an open corridor on
cantilever beams (Fig. 23). This was a typical structural layout for school
buildings before the 2008 Wenchuan earthquake, during which many
buildings of similar structural layouts collapsed because of a lack of
redundancy (Ye et al., 2008). As a result, single-span layouts were not

4.3. A private residential building (F5)
Although commonly used in public buildings, RC frames have been
increasingly used in multi-story private residences as well. It is considered a superior seismic system by not only the public but also many
structural engineers, which is not necessarily true. Many residences of RC
frame structures with masonry inﬁlls in Moxi suffered from damage of
12
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Fig. 24. The damaged column ends in Bldg. F4.

Fig. 25. Damage to stair slabs on the 1st ﬂoor of Bld. F4.

Fig. 26. Exterior view of Bldg. F5: (a) street view and (b) courtyard view.

of clay blocks, more important was the shear failure of the column ends
and beam-to-column joints (Fig. 27). Like what was seen in Bldg. F6
(Fig. 18(d) and (e)), the stirrups in the top ends of the columns and the
beam-to-column joints seemed insufﬁcient. This could be fatal for concrete moment frames in seismic regions.
In summary, although all four frame structures in this section did not

various extents, ranging from cracking of masonry inﬁlls to shear failure
of beam-to-column joints. Bldg. F5 was such an example.
It was a 6-story residence on top of a basement garage. The façade
facing the street was decorated to ﬁt into the tourist town (Fig. 26). It was
tagged red by local engineers and access was prohibited by temporary
fences around it. In addition to the widespread collapse of masonry inﬁlls
13
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Fig. 27. Damage to column ends and beam-to-column joints of Bldg. F5.

Fig. 28. Masonry structures with RC tie columns (Qu et al., 2015).

approximately 146 cm2/m2 and 186 cm2/m2 in the longitudinal and
transverse directions, respectively, where Aw is the total cross-sectional
area of the brick walls in the story along a single direction and Af is
the total ﬂoor area of all the ﬂoors above the story (Shibata, 2010). Such
high wall ratios should have safeguarded the building against the
earthquake ground motion equivalent to the DBE intensity level. However, the building collapsed in a typical weak-story mechanism at the 1st
story (Fig. 30) and killed one person.
A possible factor that may attribute to the disproportionate collapse
was again the terrace effect. As can be seen in Fig. 15, like Bldg. F6 and
F7, Bldg. M6 was also on a high and steep terrace riser along the river
valley. The ground motion may have been greatly ampliﬁed by the
terrace.

collapse in the earthquake, the extensive damage made them impossible
or infeasible to repair and necessitated demolition. If taking the MX record as a reference, the ground motion intensity was roughly equivalent
to a DBE level in the earthquake. In this regard, they failed to meet the
code requirement of being reparable in a DBE level event, although they
successfully prevented collapse.
5. Masonry structures
Unreinforced masonry (URM) structures in seismic regions are
required to have adequate RC tie columns and tie beams to enhance the
integrity according to the Chinese seismic provisions (GB50003-2011,
2011, GB50011-2010, 2016). It is also referred to as a brick-RC hybrid
structure or conﬁned masonry structure. Fig. 28 illustrates a typical
Chinese detached house of such a structure. Cast-in-place RC tie columns
are placed at the corners and joints of perpendicular unreinforced brick
walls. The dimensions of the tie column cross-section are usually bounded by the thickness of the intersecting walls (Qu et al., 2015). Since the
2008 M 8.0 Wenchuan earthquake, cast-in-place RC ﬂoor diaphragms
have been commonly used in such structures in Sichuan province.

5.2. Owner-built mansions and detached houses
Different from Bldg. M6 which was engineered by professional institutes according to the seismic code, most masonry structures for
mansions, family hotels, and detached houses in remote towns like Moxi
were built by the owners without consulting a professional structural
engineer. They were featured by an arbitrary and sometimes complicated
combination of brick walls and RC frame members to accommodate
interior space demands. The front walls on the ﬁrst story were usually
eliminated to create a large open space facing the street.
Bldg. M4 was a 6-story owner-built mansion of such an arbitrary
masonry structure in Moxi. It was on a sloped street and was occupied as
a hotel when the earthquake struck. The ﬁrst story was destroyed
(Fig. 31) and one was killed.
Bldg. M5 was a 3-story owner-built detached house with a partial 4th
story. It was to the northwest of the town of Moxi. The open ﬁrst story

5.1. A 3-story ofﬁce building (M6)
Bldg. M6 was a 3-story ofﬁce building of such a masonry structure and
lost its entire ﬁrst story during the earthquake (Fig. 29). It belonged to an
observation station founded in 1987. It is not clear when it was ﬁrst
constructed. But it was reformed in 2019 to have three complete ﬂoors
and a rooftop space covered by a steel roof.
According to the structural layout, the destructed 1st story had many
brick walls of 0.24 m thick. The wall ratio Aw =Af was as high as
14

Z. Qu et al.

Earthquake Research Advances xxx (xxxx) xxx

Fig. 29. Photo and structural plan layout of the 1st story of retroﬁtted Bldg. M6 (unit: m).

Fig. 30. The remaining tie columns and debris in the collapsed ﬁrst story of Bldg. M6.
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Fig. 31. Weak -story collapse of Bldg. M4, a 6-story owner-built masonry structure.

Fig. 32. Weak-story failure of Bldg. M5, a 3-story owner-built detached house with a partial 4th story.

6. Nonstructural damage

exhibited obvious residual drift along the street and was leaning towards
the left-hand side as seen in Fig. 32(a). Meanwhile, the right-hand-side
tie columns were found to have leaned forward (Fig. 32(b), (c), and
(d)), indicating a signiﬁcant torsion of the ﬁrst story.

The earthquake caused widespread nonstructural damage to buildings in not only the epicenter areas like Moxi but also a much wider area
as far as the city of Chengdu, the provincial capital city of Sichuan
approximately 200 km away from the epicenter.
Nonstructural damage has been found responsible for the suspended
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Fig. 33. Front view of Bldg. F7, an administrative ofﬁce building in Detuo.

Fig. 34. Damage to masonry inﬁlls of hollow concrete blocks in the bottom two stories of Bldg. F7.

Fig. 35. Broken windows of the meeting room on the 4th ﬂoor of Bldg. F7.

On the bottom two ﬂoors, the nonstructural damage was predominated by the shear cracking of the masonry walls of concrete hollow
blocks. The mortar cladding of the inﬁlls in the staircases and corridors
was not reinforced by steel meshes as required by the seismic code and
fell extensively (Fig. 34).
In the meeting room on the top ﬂoor of the building, two large sliding
windows were broken and fell to the ground (Fig. 35). The 11 m-by-10 m
suspended ceiling was almost destroyed with a high rate of fallen panels

occupancy of many buildings in previous earthquakes (Xie et al., 2021).
The 4-story administrative building in Detuo (Bldg. F7) provided another
example of such a scenario. The building was tagged yellow by local
engineers for suspended occupancy, although no visible damage was
found on the RC frame structure (Fig. 33). The nonstructural damage to
the building was extensive and diverse. It exhibited many types of
commonly seen damage to nonstructural elements including architectural components, electrical utilities, and contents (Kanda et al., 2021).
17

Z. Qu et al.

Earthquake Research Advances xxx (xxxx) xxx

Fig. 36. The destroyed suspended ceiling of the meeting room on the 4th ﬂoor of Bldg. F7.

Fig. 37. Damage to cable trays in Bldg. F7: (a) dislocated cover plate of cable tray on 2nd ﬂoor, (b) distorted cable tray on 3rd ﬂoor, (c) broken anchorage of suspension
rod of cable tray on 3rd ﬂoor.

Fig. 38. Overturning of cabinets in Bldg. F7: (a) an overturned wooden cabinet in an ofﬁce room on the 3rd ﬂoor and (b) overturned and scattered ﬁling cabinets in the
archive room on the 4th ﬂoor.

2019). Some light ﬁxtures also fell.
The suspended cable trays in the corridors also sustained damage of

of 81% (Fig. 36). The ceiling was of the typical Chinese-style single-layergird type with 12 mm-thick acoustic panels of 0.6 m-by-0.6 m (Li et al.,
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Fig. 39. Overturning of electrical appliances in Bldg. F7: (a) an overturned LCD in the meeting room on the 4th ﬂoor, (b) an overturned monitor in an ofﬁce room on
the 3rd ﬂoor and (c) falling of a printer from the desk in an ofﬁce room on the 3rd ﬂoor.

University, RuiFu Zhang from Tongji University, and Profs. Qiang Ma and
XuChuan Lin, Dr. XiangZhao Chen, and Dr. Wen Bai from the Institute of
Engineering and Mechanics, China Earthquake Administration, who
generously shared their results and ﬁndings shortly after the earthquake.
This work is supported by the Natural Science Foundation of China
(52122811).

various extents. Dislocated cover plates were found in the cable trays on
the 2nd ﬂoor (Fig. 37(a)), while the damage to cable trays was severer on
the 3rd ﬂoor, including distorted trays (Fig. 37(b)) and broken anchorage
of a suspension rod (Fig. 37(c)).
Damage to the contents was predominated by the sliding and overturning of cabinets (Fig. 38), ﬂoor fans, liquid-crystal displays (LCDs),
either on desks or on the ﬂoor (Fig. 39(a) and (b)), and the falling of
printers from the desks (Fig. 39(c)).
Although it did not pose a threat to life safety, the nonstructural
damage in Bldg. F7 hindered the continuous use and quick recovery of
the building. All the administrative personnel were evacuated to nearby
shelters and worked there in temporary tents when we visited on
September 15, 10 days after the earthquake.
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