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Abstract
The 2017 Central Mexico (Puebla) earthquake struck on the
afternoon of the 32nd anniversary of the Mw 8.0 1985 Mexico
City earthquake. At Mw7.1, the 2017 earthquake released an
order of magnitude lower energy than the 1985 event, but the
epicenter was located closer to Mexico City; the 2017
epicenter was located approximately 120km southeast of
Mexico City, while the 1985 event was centered
approximately 370km south-west of Mexico City. As such, the
2017 event created ground motions with characteristics that
differed significantly from those recorded during the 1985
event.
In response to the September 19, 2017 event, the Structural
Engineers Association of Southern California (SEAOSC)
assembled a team of structural engineers and one geotechnical
engineer to travel to Mexico City as part of the Safer Cities
Advisory Program. The objectives of the SEAOSC Safer
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Cities Reconnaissance Team (SCRT) were to 1) survey
building damage and identify lessons applicable to the
inventory of California construction, 2) assess community
resilience, and understand how local jurisdictions were
interacting and communicating with the affected communities,
and 3) record building damage using 360-degree cameras, for
the purpose of future earthquake response training.
The SCRT traveled to Mexico City, and to the smaller rural
town of Jojutla in the state of Morelos, closer to the epicenter
of the earthquake. These two cities represented two extremes
in terms of building construction and community resilience
efforts. While significant structural damage was located in
“pockets” throughout Mexico City, the damage in Jojutla was
far more widespread. This paper provides a summary of the
observed performance of residential and commercial
construction, including retrofitted buildings in both urban and
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rural areas. Interviews with building officials and members of
the local community are also discussed, outlining some of the
logistics the local jurisdiction faced in the days and weeks after
the earthquake, and the recovery efforts of affected
communities.

street). Failures of this building system were some of the most
common types of failures observed throughout the City of
Mexico.

Building Damage Observations
The SCRT observed dozens of buildings during the six days of
reconnaissance. The types of buildings observed varied in
terms of size, configuration, era, type of structural system and
location. Most buildings with severe damage were 4 to 8
stories tall, and generally consisted of a non-ductile concrete
(NDC) frame with unreinforced masonry (URM) infill walls,
constructed prior to 1985. According to Alejandro Santiago, an
Architect working for El Municipio de Benito Juarez, one of
the 16 municipalities in Mexico City, the URM infill walls are
considered a non-structural component of the building and are
not designed to resist gravity or lateral loads. As such, the
interaction of the infill with the surrounding frame is neglected
during design. However, the infill walls are confined by
concrete frame elements in the plane of the frames. Therefore,
because of the URM stiffness, this often results in the building
initially behaving as a shear wall building until the infill starts
to degrade in strength and stiffness. Often the distribution of
infill walls throughout the building creates horizontal or
vertical stiffness and/or strength irregularities.
Buildings that were observed to have severe damage or
complete collapse typically had a combination of the following
characteristics: soft or weak story, torsional stiffness
irregularity, pounding/group effects, URM infill walls,
foundation settlement, and non-ductile concrete detailing.
Soft or Weak Story
Many severely damaged structures were multi-unit residential
buildings with open wall lines and open areas at the ground
floor to accommodate parking. Damage was concentrated at
the soft story, sometimes leading to collapse of the story. Soft
stories were present in these buildings when one story (usually
the first story) contained significantly fewer URM infill walls
than the stories above.
The 517 Tokyo buildings (Figure 1) are examples of soft story
building collapses, which are likely to have occurred as a result
of the reduction in stiffness and/or strength at the first floor.
Three similar, if not identical, buildings were located at this
address, all with a potential soft story at the first level due to
the use of the ground floor for parking. The parking condition
required open area at the lower level, thus significantly
reducing the extent of the masonry infill within the first story
as compared to that located in the stories above. Two of the
three buildings experienced a soft story collapse (Figure 1
shows the soft story collapse of the third building in from the
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Figure 1: Soft Story collapse of 517 Tokyo

In a second example, at the 149 Calle Sonora building (Figure
2), the 6th floor fully collapsed. The collapsed floor was one
floor above the level of the roof of the adjacent buildings that
were built tight up against the sides of the subject building, and
hence was likely affected by building pounding (Figure 3). A
nearby neighbor informed the SCRT that the owner of the
subject building, who was unfortunately killed in the collapsed
floor during the earthquake, owned that entire floor and had
recently remodeled it. It is possible that the remodel included
the removal of internal masonry infill walls, resulting in a
potential soft story irregularity at that floor. Additional
contributors to the story’s collapse may include a transition to
smaller columns sizes at this level and above, as well as the
confining group effect of the raising the soft story level from
the open first floor to the unconfined upper 6th story.
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Torsional Stiffness Irregularity
Building damage maps, such as the map shown in Figure 4,
provided by Dr. Luciano Roberto Fernandez Sola from
Sociedad Mexicana de Ingenieria Estructural (SMIE), indicate
that many of the severely damaged buildings were located on
street corners. Corner buildings typically have highly
perforated elevations facing both streets. In conjunction with
this, the solid walls facing adjacent buildings create a torsional
stiffness irregularity. This configuration resulted in the
concentration of damage along the front faces of the building.

Figure 2: Story Collapse of 6th Floor at 149 Calle Sonora

Figure 4: Map of the La Condesa and Hipodromo neighborhoods of
Mexico City. Red markers indicate severely damaged buildings,
Black markers indicate building collapse.

By the time the SCRT arrived in Mexico, approximately onemonth following the earthquake, the remains of many
collapsed corner buildings had been removed during the
immediate rescue and recovery operations. Figure 5 shows the
site condition of a corner lot, along with the solid infill walls
of the adjacent buildings.
Additionally, Figure 6 provides an example of a similar corner
building which experienced significant damage, but did not
suffer catastrophic collapse.

Figure 3: Adjacent Buildings confining the lower levels of 149 Calle
Sonora and having roofs aligned just below the collapsed 6th story.
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Pounding/Group Effects
Most of the affected zones contained older buildings where
seismic gaps were non-existent or very small. As such, many
of the buildings observed had some damage due to pounding.
The SCRT observed damage from "group effects," where end
buildings along a line of closely spaced buildings collapsed or
had excessive residual drift. During the earthquake, groups of
buildings had the propensity to sway together back and forth
as a single unit. While buildings located within the center of
the group were confined laterally by neighboring buildings and
exhibited lesser damage, the end buildings exhibited greater
residual drift as they were pushed out towards the street.
Figure 5: Corner Site at 107 Calle Amsterdam, Hipodromo, Mexico.

Figure 6: Corner Building at 32 Xola suffered significant damage
with torsional behavior.
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Damage from group effects was most noticeable in the city of
Jojutla, Morelos as shown in Figures 7 and 8. Where damage
from group effects occurred, buildings located towards the
center of the group had significantly less residual (permanent)
drift.

Figure 7: Permanent drift of a concrete frame building with masonry
infill in Jojutla, Morelos. This building is second from the end within
a group of 11 dwellings.
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Figure 8: Permanent drift of a concrete frame building in Jojutla,
Morelos town center. This building is located at the end of a group of
buildings.

URM Infills
Most of the buildings observed both in Mexico City and Jojutla
contained URM infills. Failure of the infill typically consisted
of in-plane shear failure or out-of-plane instability. Longer
infill panels typically exhibited initial in-plane shear cracking
(i.e. bond failure) along the masonry-to-concrete frame
interface. Complete out-of-plane failure of the infill was also
common observed.
Additionally, diagonal shear failure through URM infill piers
was a predominant failure mechanism. Diagonal shear failure
of URM piers/walls often propagated into and through the
confining concrete columns at each end of the fill, typically
just below the beam-to-column joint. This was more often
observed in older buildings, where the column size was small
(8”-10"). Many of the buildings with this type of damage had
been evacuated and shored. Figure 9 show examples of this
failure mechanism observed in two buildings in Jojutla.
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Figure 9: Column shear failure within URM infill frame

Damage to URM infill walls caused many buildings to be red
tagged making it harder for the entire community to get back
to business. Furthermore, many URM infilled frame buildings
had obvious strength and ductility deficiencies, with respect to
the bare frame alone (owing to small member sizes, and
minimal reinforcing steel). In light of this, it was the general
opinion of the SCRT that these weak frame buildings benefited
from the presence of the URM infill (at least during the initial
cycles). The infill was capable of reducing the displacement
demands imposed on the non-ductile concrete frame however, the ability for the URM infill to protect the nonductile frame diminished when failure of the infill occurred.
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Figure 10: Masonry infill and column failure within a two-story
residential dwelling, Jojutla, Morelos.

Non-Ductile Concrete Detailing
Many of the collapsed buildings were reported to have been
constructed prior to 1985. These buildings were designed and
constructed using older building codes with limited ductile
detailing provisions for reinforced concrete buildings.
Severely damaged buildings often had concrete columns with
spalled concrete revealing inadequate column ties along the
length of the column (Figure 11). The tie spacing in many of
these columns was observed to be 12 inches or greater along
the length of column, with the ties consisting of single
perimeter hoops. Column failure was not limited to flexural or
shear behavior – in many cases, compression-shear failures of
the columns was also observed (Figure 11 and Figure 12). In
the small town of Jojutla, the ties resembled wire as opposed
to rebar. Often the columns were more damaged than the
beams (or the slabs in slab-column frame buildings) indicating
a strong-beam, weak-column condition. Beam-column joint
failure was not observed by the team. Concrete shear wall
failure was not observed by the team.
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Figure 11: Ground floor column compression-shear failure,
revealing large tie spacing, and an attempt at providing temporary
confinement repair using wire and timber blocking by the locals.
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height of the building (Figure 4). It appeared that the building
was supported on deep end-bearing foundations.

Figure 3: 81 La Quemada Building, foundation failure

Figure 12: Ground floor compression-shear failure of 6 story
concrete frame with URM infills above first floor.

This conclusion was based on the observations that the
surrounding grade and surrounding buildings had exhibited
about 3 feet of static pre-earthquake settlement compared to
the subject building. This was demonstrated by the multiple
concrete ramps that had been constructed up to the entrances
of the subject building to keep those entrances accessible as
the surrounding ground gradually settled (Figure 13).

Foundation Settlements
The team observed foundation failure in several structures,
with significant settlement (both pre-earthquake static
settlement and earthquake-induced settlement) as well as signs
of possible rocking at the base of many of the structures.
Throughout Mexico City the SCRT observed numerous
buildings with ramps crossing sidewalks leading to “raised”
first floor levels. These conditions allowed the identification
of structures supported by pile foundations as opposed to
structures likely founded on shallow footings subject to longterm consolidation of the historical lake-bed fill soils for which
Mexico City is known. It is believed based on observations and
discussion with local officials that the “raised” levels are in
fact not raised, but the adjacent properties have instead settled
with the consolidation of the neighborhood soils over time.
The team observed that many of these pile-supported buildings
appeared to consistently have more damage than adjacent
conventionally founded buildings. This suggests that the soilfoundation interaction of the pile systems may have
contributed to the building stiffness in a manner that resulted
in period matching between the building structure and the
earthquake ground motion.
One example of foundation failure was the residential complex
located at 81 La Quemada Building (Figure 3), which had a
large vertical separation (large crack opening) over the entire
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Figure 4: 81 La Quemada Building, vertical crack viewed from
ground (left), viewed from roof (right). Note the absence of grout
within the masonry blockwork.

The earthquake damage at 81 La Quemada was observed to be
primarily related to settlement of the subject building during
the earthquake as the building attempted to “catch-up” to the
previous static settlement of the surrounding ground. This
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could have occurred as a result of a reduction in the vertical
load carrying capacity of the deep foundations during the
earthquake, structural failure of the deep foundation elements
or failure of the connections between the deep foundations and
the structure. This foundation failure resulted in different
degrees of settlement, observed as large differential
settlements that could not be accommodated by the building
above. The resulting settlement at the front of the building
resulted in the large vertical crack running through the height
of the structure and tilting of portions of the building with
respect to each other. The subject building had minimal
continuous reinforcement to control the crack opening, and
many damaged areas had no grout within the masonry cells.
Strengthened Buildings

5). This building was retrofitted by the owner, a civil engineer,
prior to the 1985 earthquake and performed well in both major
events. The retrofit consisted of a CBF on the exterior of the
building.

The SCRT team was able to identify and observe the
performance of some notable retrofitted buildings. The
retrofits often consisted of the addition of full height concrete
walls, or steel braced frames, and/or strengthening of the
concrete columns.

Figure 15: Retrofitted Ave Mexico 55 Building with added shear walls
on ground floor and epoxy repaired walls

Building Ave Mexico 55 (Figure 15) had relatively new
concrete shear walls with enlarged concrete columns on the
ground floor in an apparent attempt to mitigate a soft story
deficiency. The retrofit appeared to have worked well as there
were no obvious signs of damage in that floor. The upper floors
in the building experienced minor damage to infill walls. The
SCRT team observed a repaired concrete shear wall in the
building where epoxy injection had previously been used to fill
concrete shear wall cracks, possibly from damage from the
1985 earthquake. No recent significant cracks in these shear
walls attributable to the 2017 earthquake were observed by the
team.
It was not uncommon to see braced frame retrofits installed on
the perimeter of buildings, similar to 141 Calle Sonora (Figure
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Figure 5: Braced frame retrofit of 141 Calle Sonora.
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Tagging
The city government was the only entity that had the authority
to tag a building. However, because of the large number of
affected buildings, Jorge Cruz, the supervisor of the
department in charge of building and safety, Proteccion Civil,
had to rely on social media and messenger services to get an
inventory of damaged buildings. These buildings were then
tagged in a conservative manner until an in-person inspection
was conducted to verify the damage (Error! Reference
source not found.). This method helped respond to the
immediate tagging needs but, unfortunately, it kept a large
number of people out of their homes. As of October 4, 2017
(15 days after the main event), the district had 1,319 buildings
requiring a follow-up structural evaluation before allowing
people to re-occupy. Unfortunately, the area did not have
enough structural engineers to evaluate such a large quantity
of structures.

Figure 6: Braced frame retrofit of 81 Calle Amsterdam.

While some retrofits were effective, others were less so. Poor
detailing of a steel braced frame used in the retrofit of the 81
Calle Amsterdam building (Figure 6) led to connection failure
of some braces and subsequent damage to infill walls in the
building.
Resilient Communities- Colonia Benito Juarez
One of the goals of the trip was to understand community
resilience. Community resilience is not just the measure of
building performance, but also the ability of the community to
respond and recover after a seismic event. The team selected
two affected areas to conduct their investigation.
Colonia Benito Juarez is a district within the Mexico City
boundaries. This district has a significant amount of buildings
that had either collapsed or had severe damage. After spending
time speaking to residents and government officials the SCRT
learned that their utilities (water, power, gas, etc.) were not
significantly impacted. Transportation and communication
services were also not significantly affected. However,
housing (i.e. shelter) was significantly impacted due to the
following reasons:

9

Figure 7: Building evaluation procedure adopted by Benito Juarez
District supervisor

As a result, the community was left with perception that
officials were not doing enough to get their buildings reviewed
and certified for re-occupancy. It was clear that an unrealistic
expectation, for quick secondary reviews following the initial
tagging, was held by the many of the affected residents. Even
a month following the earthquake, many buildings had yet to
have a first in-person inspection completed, thus secondary
detailed assessments to down-grade the initial rapid
assessment results were yet to be scheduled as the limited
resources available, were being directed to properties still
requiring the initial assessment. The displaced residents were
desperate to have volunteer groups such as the SCRT team to
evaluate their buildings. However, the Benito Juarez District
requires a license in engineering or architecture in Mexico to
officially tag a building. The best the SCRT team could do
was to provide their professional opinion of the condition of
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the structure, which was always well received by the building
occupants.
Adjacent Hazard
Buildings at risk of being subsequently damaged or made
unsafe by adjacent severely damaged buildings were also
evacuated. The SCRT team witnessed many un-occupied
buildings because their neighboring building was at risk of
collapse or was relying on (leaning into) the un-occupied
building for stability. An example of this was Xola 32 (Figure
19) where the corner building had been red tagged and the two
adjacent buildings on either side were evacuated despite
having minimal damage. This angered many of minimally
damaged building’s residents because they felt they had lost
the use of their house due to others’ carelessness. In some
cases, the neighbors insisted that the government should order
the damaged buildings to be demolished as soon as possible
rather than allowing the owner to fix the building which would
take significantly longer. This created heightened anxiety in
the community as the owner of the red-tagged buildings
wanted time to do more assessment and analysis for repairs of
the damaged structure, while the neighbors just wanted access
to their dwellings.

Resilient Communities- Jojutla
The second example of community resilience evaluated was
the small town of Jojutla in the state of Morelia (Figure 20).
Jojutla is located about 130 kilometers from Mexico City and
closer to the epicenter, which was located in Puebla. Although
it is a relatively small town of about 50,000 people it serves as
the commercial center to the surrounding small villages and
towns. The town had the only banks and major retail stores
within a 45-minute drive. Unfortunately, the town as a whole,
and in particular the commercial district, was devastated after
the event.

Figure 8: Arial View of the City of Jojutla in the state of Morelos

Fire Hazard
Immediately after the event, explosions caused most of the
town to run in a panic away from the downtown area as they
thought the gas station was on fire. As it turns out it was not
the gas station, but rather the portable gas tanks used by the
food market which fell over and caught on fire causing
explosions. This market where most residents shop for fresh
vegetables and groceries was closed for days while the
explosions were investigated.
Water and Power
Some residents lost water for at least 24 hours after the event.
It was not clear to the residents why water was lost, but they
believed that it was shut down until the water system was
checked for damage. However, unlike the water loss, which
only affected a small area of the town, the entire city lost power
for 24 hours. It was also not clear why the city lost power, but
it may have been simply because authorities wanted to check
the power system.
Figure 19: Xola 32 Building red tagged because of fear that adjacent
building was at risk of collapse
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Banks
Three out of the four banks in the town were severely damaged
and closed for business. The last bank was not severely
damaged but was closed because of adjacent building was
severely damaged. This required residents to drive at least 45
minutes to the nearest bank.
Schools
One of two of the elementary schools was shut down after the
event due to severe structural damage of the building. The
school buildings were constructed largely from URM. A
teacher interviewed by the SCRT team felt the practice
earthquake drill from earlier that morning helped them
evacuate the buildings in a safe and orderly manner. She told
the SCRT team the ground motion was slow and long at first.
She told the kids to calmly get up and leave the building. Then
the motion became very violent with ground moving “up and
down” and furniture being thrown around, which made it
difficult to evacuate (Figure 20). At this stage, everybody ran
out of the building in a panic.

experienced severe damage. At the time the SCRT team
arrived, many residents had already begun to repair their
homes. Some were living in tents since their homes had
already been demolished. The town had set up a shelter in a
nearby pre-school and a technical school was using their
cooking services to prepare meals for 500 people daily.
However, when asked if they would consider moving to
another town the displaced residents told us they would stay
and re-build. The residents showed a strong sense of
community. The SCRT team came across two young men
volunteering to provide shelter and aid to displaced people.
One of them was a student in Mexico City in a college that had
been severely damaged and closed because of the earthquake.
The other one lived in Oaxaca and left his business to come
help the people of Jojutla. These two helped set up a tent at the
entrance of the town to distribute food, and other necessities to
people in need.
Commercial Center
The SCRT team was informed that approximately 17 people
died in Jojutla. However, this was not the only tragedy in the
town: the entire commercial center had been destroyed. The
town has two major downtown streets that contained the
majority of Jojutla’s retail stores; almost every building in the
commercial center was closed either because of severe
structural damage or due to a severely damaged building
nearby. A majority of the retail economy of the town’s center
had ground to a halt until businesses could be re-occupied
(Figure ).

Figure 20: A classroom at Escuela Primaria, 10 de Abril, Jojutla

Government
The Jojutla City Hall was shut down approximately three
weeks after the earthquake. Residents informed us that two
people had been killed by the clock tower located above the
main City Hall entrance as workers ran out of the building
during the earthquake. The city government had moved out of
the damaged building and into an undamaged building near the
town center when the SCRT team arrived to the city. Multiple
tents where also being used by the recovery crews.
Shelter
Colonia Zapata was the most devastated region in the entire
town. There were dozens of homes that had collapsed or had
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Figure 21: A local resident walks the closed, earthquake devastated,
main street of Jojutla
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Recording Damage for Future Training
During the reconnaissance efforts, the SCRT effectively used
360-degree still and video cameras to document the damage
and surrounding conditions. While the resolution of these
cameras was not as high as more costly models or as high as
an SLR camera, the sophistication of the 360-degree capability
is considered an incredible asset to be included in future SAP
training program. In the opinion of several SCRT members
who hold current Cal EMA SAP certification, the ability to see
the “whole” picture allows more in-depth training
visualization. One theme that appeared to prevail during
conversations with displaced residents was the feeling that
initial assessments were perhaps too conservative. With
enhanced training imagery and 360-degree video, training
sessions and conversations can go into greater detail. In the
opinion of at least one of the senior SCRT members, every
SAP or Site Visit “Go Bag” should contain a 360-degree
camera for future deployment.
Concluding Remarks
The SCRT team observed significant damage in both Mexico
City and Jojutla. The damage observed illustrates that changes
to the building code that occurred after the 1985 earthquake
were effective in reducing damage from the 2017 earthquake.
Retrofits generally improved the performance of structures.
Poor performance of retrofitted buildings was only observed
in buildings where the strengthened elements were
inadequately anchored to the building. This clearly illustrates
the need to address known seismic vulnerabilities in existing
buildings. Seismic vulnerabilities that caused severe damage
or collapse of structures in Mexico can also be found in
California, such as non-ductile detailing in concrete structures.
The structural damage observed confirms the importance for
jurisdictions to adopt seismic retrofit ordinances. Additionally,
foundation failures were observed in Mexico City that either
exacerbated or caused extensive damage to some of the
structures due to the soft soil conditions of Mexico City.
The community resilience was much stronger in Mexico City
due to the scattered nature of the severely damaged structures.
Efficient impromptu methods were used by local jurisdictions
for categorizing and responding to damage. However, some
local jurisdictions were completely overwhelmed responding
to post-earthquake inspection demands. Conservative tagging
buildings that were in fact not severely damaged led to
significant distress to the residents of those buildings. Red
tagged buildings caused the evacuation of adjacent buildings,
even if those adjacent buildings were green tagged. When a tall
building was red tagged, entire neighborhoods were evacuated,
showing that vulnerable buildings are a danger to more than
just their inhabitants. Multiple tags on buildings from different
organizations at times caused confusion as to which buildings
were unsafe and which were not. Shelter was the most
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significantly impacted resiliency characteristic in Mexico City.
Most other resiliency characteristics were not observed to be
significantly impacted in Mexico City.
In rural areas with more extensive damage such as Jojutla, the
impacts of group resilience were apparent, as entire
neighborhoods and commercial centers of the city were
destroyed or evacuated. The construction in the rural areas of
Mexico is less sophisticated and therefore more prone to
seismic vulnerabilities. The inclusion of good seismic design
practices (such as ductile detailing, redundancy, adequate load
paths, and seismic joints between buildings) into mainstream
construction practice in the rural areas of Mexico would
greatly improve the performance of buildings, and the
resiliency of communities. Rural cities such as Jojutla are
heavily dependent on trade within the city. It is vital to the
economy of these cities to have dependable, resilient
structures.
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