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1. RECONNAISSANCE TEAM OVERVIEW 

On September 19, 2017, a 48-km deep, magnitude 7.1 earthquake occurred near Ayutla, Puebla, Mexico. Two weeks 

after the earthquake, a multidisciplinary team, representing three different companies in partnership with EERI, travelled 

to Mexico City to study the impacts of the earthquake. The team conducted field reconnaissance from October 3-8, 2017. 

This report summarizes the teamôs observations during their reconnaissance trip. It is part of a growing collection of 

information that the EERI staff, reconnaissance team, and community have stored on a detailed virtual clearinghouse 

website (EERI, 2017a, 2017b, and 2017c).   

Building Damage Sampling Team (BDST) members included:  

 Å Dr. Deborah Weiser, Geologist and Customer Success Engineer at One Concern; BDST co-leader 

 Å Dr. Jeffrey Hunt, P.E., EERI Learning From Earthquakes Executive Committee Member and Managing  

  Engineer, Buildings and Structures Practice at Exponent; BDST co-leader 

 Å Dr. Ezra Jampole, Associate, Buildings and Structures Practice at Exponent 

 Å Dr. Maurizio Gobbato, Principal Catastrophe Risk Modeler at Risk Management Solutions 

The four core BDST members led a vigorous mapping of building performance across Mexico City, resulting in invaluable 

data to inform the understanding of Mexico City's vulnerabilities. The BDST was supported by academic and professional 

partners, many of whom were local to Mexico City. 

The teamôs technical objectives for this reconnaissance effort included:  

1. Conduct a high-level building performance review, 

2. Focus data collection on buildings with close proximity to a nearby ground motion recording station, in order to 

more closely correlate the observed damage with earthquake shaking intensity, 

3. Document building response for a diverse group of buildings, 

4. Assess both damaged and undamaged structures, and 

5. Collect at least 700 data points. 

2. SEISMICITY  

2.1. Seismicity and Geotechnical Setting 

The Mw 7.1 Puebla, Mexico Earthquake of 19 September 2017 (18:14:38 UTC) was located at a depth of 48 km with 

epicentral coordinates 18.550°N, 98.489°W ï approximately 1 km west of Ayutla in central Mexico (USGS, 2017). The 

epicenter was located approximately 150 km southeast of Mexico City. The earthquake occurred as a result of normal 

faulting near the plate boundary of the Cocos Plate and the North American Plate. The USGS indicates that the 

earthquake was likely an intraplate event within the Cocos plate because of the location, depth, and normal faulting 

mechanism (USGS, 2017). The earthquake occurred on the 28th anniversary of the 1985 M8.0 Michoacan earthquake, 

which occurred as a result of thrust faulting and killed between 5,000 and 10,000 people in Mexico City.  

Much of Mexico City is built on a former lake that was gradually filled in by the Spanish to control flooding after their 

conquest of the Aztec capital of Tenochtitlan. The lakebed area is thus characterized by extremely soft soil, with the 

fundamental soil period at a particular site dependent on the depth of deposits. Figure 1 shows soil period contours 

(Gomez and Garcia-Ruiz, 1988) and shading (from Colegio De Ingenieros Civiles De Mexico, or CICM) for the Mexico 

City Area. The shaded regions correspond to the areas of the former lakebed. Recording stations visited by the BDST are 

also shown on the map as black dots.  

http://learningfromearthquakes.org/2017-09-19-puebla-mexico/
http://learningfromearthquakes.org/2017-09-19-puebla-mexico/
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Figure 1.  Soil period contours (from Gomez and Garcia-Ranz, 1988) and shading (from 
CICM) with recording stations visited by the Building Damage Sampling Team 
over a map of Mexico City (Google). 

 

 

 

 

The soil conditions in Mexico City are historically divided into three main zones: Firm Zone (Zone I), Transition Zone 

(Zone II), and Lakebed Zone (III) (Rosenblueth, 1979). The 2004 Mexico City building code has further divided the 

Lakebed and Transition Zone into subsections (Gobierno del Distrito Federal Mexico, 2004). Figure 2 shows the soil 

zones from the 2004 code. Figure 3 shows the evolution of the design response spectra for Mexico City in the three main 

zones from the 1976 code, the 1987 code (enacted after the 1985 earthquake), and the 2004 code.  

The shape and amplitudes of the design response spectra have remained similar for the firm zone from 1976 to 2004.  

The constant acceleration/peak portion of the 2004 design response for the firm zone spectrum at 0.17g extends to 

slightly longer periods compared to the 1976 and 1987 codes. The peak spectral accelerations in the 1987 and 2004 

design response spectra for the Transition Zone and the Lakebed Zone increased significantly (50-80%) from the 1976 

code. These revisions were made as a result of observations of performance during the 1985 earthquake. The peak 

design spectral acceleration is significantly higher in the Lakebed Zone than the Transition Zone and Firm Zone.   
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Figure 2.  Soil zones from the 2004 Mexico City building code. 

 

 

(a)                                                       (b)                                                       (c) 

Figure 3.  Building code design response spectra in Mexico City for 1976, 1987, and 2004 in the: (a) Firm 
Zone; (b) Transition Zone; and (c) Lakebed Zone. The Lakebed Zone for the 2004 code is zone IIIb. 
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2.2. Response Spectra of Recorded Ground Motions and Comparisons  

Figure 4 shows a map of estimated peak ground acceleration (PGA) in Central Mexico from the September 19, 2017 

earthquake. PGA intensity was the greatest near the earthquakeôs epicenter, which is indicated by the star in the center of 

the map, with a peak PGA of approximately 150 cm/s2. As the seismic waves travel out farther from the epicenter, the 

amplitude of shaking attenuates and the PGA decreases. However, as the waves encounter the Lakebed and Transition 

Zone soils in Mexico City, the PGA increases to greater than 100 cm/s2 as a result of site soil amplification effects.  

 

Figure 4.  Peak ground acceleration map of Mexico during the 19 September 2017 

earthquake (Source: Instituto de Ingenieria UNAM, 2017). 

 

Figure 5a shows the geometric mean 5% damped response spectra of as-recorded orthogonal horizontal components of 

the ground motion at the stations visited by the EERI team, and Figure 5b shows the 5% damped vertical response 

spectra for the sites. The horizontal spectra are characterized by peaks over a narrow band of periods, indicative of the 

approximate soil period at the site. Peaks of the response spectra in the Transition Zone typically occur at a period 

between 1 and 2 seconds, with amplitudes of approximately 0.5g. Table 1 summarizes numerous ground motion intensity 

measures such as PGA, peak ground velocity (PGV), incremental ground velocity (Vgi), cumulative absolute velocity 

(CAV), Sa_average between 1 and 3 seconds, the peak period at the peak spectral acceleration, the peak spectral 

acceleration, and the significant duration (D5-75 and D5-95). The PGA in the Lakebed and Transition Zones is typically 

between 0.1 and 0.15g, with one recording station measuring PGA = 0.19g.  
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(a)                                                                                          (b) 

Figure 5.  Response spectra at visited recording stations: (a) Geometric mean of orthogonal horizontal 
components; and (b) vertical component. 

Table 1. Ground motion intensity measures for recording stations near structures visited by the Building Damage Sampling Team. 

 

 

Figure 6 compares the intensity measures for the recording stations visited by the BDST (in red) and the remaining 49 

recording stations in the CIRES network (black). There is strong correlation between the PGA and energy in individual 

pulses (PGV or Vgi), between the peak ground acceleration and the average spectral acceleration between 1 and 3 

second periods, and between the PGA and the CAV. It is noted that the team visited stations that are representative of the 

full range of intensity measure values.  
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Figure 6.  Geometric mean Intensity measures at recording stations in Mexico City (CIRES 
network). 

 

3. DATA COLLECTION 

Before setting out for fieldwork, the BDST began discussions with US-based professional earthquake engineering 

associations. There was a great deal of interest in reconnaissance work, from many scientists, engineers, and private 

companies. EERI coordinated many conversations and conference calls, which illuminated the scope of the US-based 

groupsô site response. EERI also helped coordinate communication with Mexican colleagues, as not to overwhelm them 

with requests from international teams. These pre-field work discussions provided valuable situational awareness, tips for 

travel within Mexico, and opportunities for collaboration and shared knowledge.  

The team conducted damage surveys for all buildings, both damaged and undamaged, located within a specific radius 

around a selected strong motion recording station. As shown in Figure 1, observed buildings were grouped around 13 

different recording stations, which were selected to capture different ground motion intensity levels, shaking durations, 

building details (primary use, footprint, number of stories, and construction type), and soil characteristics (on lakebed, off 

lakebed, and on transition soils). When choosing stations, sites with similar ground motion and duration characteristics, 

which were located in different locations relative to the lakebed/transition soils, were considered. Most buildings within 

approximately 1,000 feet of the selected stations were surveyed; data were also collected for structures not within this 

boundary. The team assumed that the shaking recorded at a station was an appropriate proxy for most structures within a 

1,000 foot radius from the station.  Farther from recording stations, correlations of shaking intensity between the recorded 

motion and the building site are decreased, and this decrease has been shown to vary with natural vibration periods 

(Goda and Hong, 2008). 

A mobile phone application, customized by the BDST, was used to collect field data for each building, including 

photographs, GPS coordinates, structural system, primary building use, number of stories, damage severity, age of 

construction, and other performance impactors. Damage severity was classified into five damage states, DS 0-4. The 

damage states are as follows: 

ƀ DS 0 ï no observed earthquake-related damage.  No repairs would be required. 
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ƀ DS 1 ï minor (mostly cosmetic) damage. See example in Figure 7.  This damage typically involves minor cracks 

in masonry or concrete elements and/or minor damage to exterior non-structural components (ornamentation, 

facades, windows, etc.). Repairs would be localized and consist of patching/painting cracks and repairs to non-

structural components. 

ƀ DS 2 ï moderate structural damage. See example in Figure 8.  This damage typically involves wider cracks and 

spalling in masonry or concrete elements.  Cracks can be repaired in place by routing and repointing grout 

masonry walls, and patching/epoxy injecting cracks in concrete walls. 

ƀ DS 3 ï severe damage. See example in Figure 9.  This damage involves severe shear cracks in masonry and 

concrete elements.  Residual drift of a story may be present.  Repair of damaged elements in place may not be 

economical. 

ƀ DS 4 ï partial or complete collapse. See example in Figure 10. 

 

 

Figure 7.  Example of damage state 1: minor (mostly cosmetic) damage. 
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Figure 8.  Example of damage state 2: moderate structural damage. 

 

 

 

Figure 9.  Example of damage state 3: severe damage. 
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Figure 10.  Example of damage state 4: partial or complete collapse of structure. 

 

The BDST observed 713 buildings. A map of these buildings is provided in Figure 11, along with a close-up of a typical 

group of observations around a strong motion recording station. 

At two stations, observed structures were clustered nearby, but at some distance from the station. Near many stations, 

additional buildings were observed that were not clustered around the station or other observed/tagged buildings. These 

additional buildings were tagged and are part of the dataset because they are generally more heavily damaged, but 

should not necessarily be included in statistics of buildings around recording stations because the full population of 

buildings was not sampled around these additional buildings.  

Figure 12 shows the distance of each building observed to the nearest recording station, and approximate probability 

density functions to illustrate the distance of most of the buildings observed around a recording station to that recording 

station. Black horizontal lines indicate the cutoff distance for buildings that are part of the full population sample cluster of 

buildings. Dots below the black horizontal line indicate buildings that were observed as part of the full population cluster of 

buildings near the recording station. Dots above the black horizontal line indicate buildings that were observed near the 

recording station but were not part of the full population sample. The total number of buildings that are part of the full-

population cluster is given next to the recording station name on the horizontal axis.  

Table 2 summarizes the type of buildings typically in the population around each recording station, the radius for the full 

population sample, the number of observed buildings in that radius, and the number of buildings within the radius that 

were observed to have each damage state (DS).  
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Figure 11.  Map of the 713 observed buildings in Mexico City. Inset at lower left shows one of the clusters of buildings 
around a strong motion recording station. 

 

 

Figure 12.  Distance of buildings to recording stations. Clusters are indicated as below the 
horizontal black line for the recording station. 


