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1. Executive Summary
On Sunday May 26, 2019, a magnitude (Mw) 8.0 earthquake took place in Eastern Perú. The
earthquake occurred at 2:41 am local time and was caused by an intermediate-depth normal fault
rupture on the Nazca plate at a depth of approximately 110 km. According to official communications,
available as of May 30th, the earthquake resulted in 2 fatalities, 17 injuries, one collapsed bridge, 5
affected pedestrian bridges, multiple landslides, affected roads (about 51km of affected roads), and
damage to hundreds of structures including: 46 health centers, 296 school buildings, 15 commercial
buildings, 15 churches, including 5 collapses, and more than 600 uninhabitable residential units
(COEN, Perú 2019b).
The combination of the earthquake happening in a sparsely populated area in the back-arc region
(east side of the Andes), which is mainly a tropical forest region in the country, and being a relatively
deep event led to relatively small amount of damage considering the large magnitude of the event.
For the community of earthquake engineering researchers and practitioners, the multidisciplinary
reconnaissance information available right after the event provides an important opportunity to learn
from this earthquake, both technically and also from a policy and decision making perspective. As
such, this report gathers some publicly-available information, by (i) providing a summary of the origin
of the event and its main seismological features, (ii); presenting a summary of ground motions
recorded in two countries; and (iii) summarizing the preliminary reports of damage. This Virtual
Assessment Structural Team (VAST) Report is a product of StEER to support those seeking to
learn from this seismic event and to inform possible future Field Assessment Structural Teams
(FAST).
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2. Introduction
On Sunday May 26, 2019, an Mw 8.0 earthquake took place in Eastern Perú. The earthquake
occurred as the result of an intermediate-depth normal faulting rupture of the Nazca plate. Focal
mechanism solutions provided by the U.S. Geological Survey (USGS) indicate that the rupture
occurred on either a north- or south-striking, moderately dipping normal fault. Perú is located within
the subduction zone of the Nazca plate which subducts in an eastern downward motion relative to
the South America plate at a velocity of approximately 7 cm/yr (about 2.7 inch/yr). Intermediate-depth
subduction events are relatively common in northern Perú and western South America. They typically
cause less damage on the ground surface above their foci than similar-magnitude shallow-focus
earthquakes, but large intermediate-depth earthquakes may be felt at great distance from their
epicenters (USGS, 2019).

The initial product of the StEER response to the 2019 Lagunas Perú Earthquake is this Virtual
Assessment Structural Team (VAST) report, which is intended to:
1. Provide an overview of the tectonic characteristics of the event;
2. Summarize ground motions recorded in two countries;
3. Summarize preliminary reports of damage to wide-ranging of structures and
infrastructure

It should be emphasized that all information contained herein is preliminary and based on
the rapid assessment of publicly available online data within 4 days of the event.
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3. Earthquake Details and Tectonic Summary
On Sunday May 26, 2019, at 7:41:14 UTC (2:41:14 local time), a magnitude (Mw) 8.0 earthquake
took place in Eastern Perú approximately 720 km northeast of Lima (Figure 3.1). The earthquake
occurred as the result of an intermediate-depth normal faulting rupture of the Nazca plate. The
hypocenter of the earthquake was located at 5.796°S 75.298°W at a depth of 109.9 km (USGS,
2019). Focal mechanism solutions provided by the U.S. Geological Survey (USGS) indicate that the
rupture occurred on either a north- or south-striking, moderately dipping normal fault. Perú is located
within the subduction zone of the Nazca plate which subducts in an eastern downward motion relative
to the South America plate in this region at a velocity of approximately 7 cm/yr (about 2.7 inch/yr).
Intermediate-depth subduction events are relatively common in northern Perú and western South
America. They typically cause less damage on the ground surface above their foci than similarmagnitude shallow-focus earthquakes, but large intermediate-depth earthquakes may be felt at great
distance from their epicenters (USGS, 2019). The earthquake was felt by people in Perú, Ecuador,
Colombia, Venezuela and Brazil.

Figure 3.1. USGS interactive intensity map for the 2019 M 8.0 Lagunas earthquake (USGS, 2019).
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3.1 Tectonic setting
Large magnitude earthquakes in South America are produced as a result of the relative motion
occurring between the subducting Nazca plate and the South America plate, where the oceanic crust
and lithosphere of the Nazca plate begin their descent into the mantle beneath South America. The
convergence associated with this subduction process is responsible for the uplift of the Andes
Mountains and for the active volcanic chain present along much of this deformation front (USGS,
2019). Figure 3.2 depicts the seismicity of the region showing that most earthquakes in South
America occur within 500 km from the west coast.

Figure 3.2. Seismicity of the region showing the date, location and magnitude of large earthquake
in South America (USGS, 2019).
The subduction of the Nazca plate under the South America plate produces two main types of
earthquakes: (1) Interplate shallow earthquakes occurring in the interface of the two plates; and (2)
Intraplate intermediate-depth normal faulting events happening within the Nazca plate. The May 26th,
2019 event belongs to this second type of subduction earthquakes.
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Figure 3.3. Left: Historical seismicity for large earthquakes (M > 7.5) in the Peruvian-Chilean
subduction fault. Center: Closeup view of the rectangular area in the left figure, highlighting the
seismic activity and seismic gaps in Perú during the last 5 centuries. Right: Closeup view of the
rectangular area in the left figure showing the rupture areas of the most recent and largest
earthquakes in the region. (Extracted from Villegas et al., 2016.)
Interplate earthquakes occur due to slip along the dipping interface between the Nazca and the South
American plates. Interplate earthquakes in this region are frequent and often large, and occur
between the depths of approximately 10 and 60 km. Since 1900, numerous magnitude 8 or larger
earthquakes have occurred on this subduction zone interface that were followed by devastating
tsunamis, including the 1960 M9.5 earthquake in southern Chile, the largest instrumentally recorded
earthquake in the world. Other notable shallow tsunami-generating earthquakes include the 1906
M8.5 earthquake near Esmeraldas, Ecuador, the 1922 M8.5 earthquake near Coquimbo, Chile, the
2001 M8.4 Arequipa, Perú earthquake, the 2007 M8.0 earthquake near Pisco, Perú, and the 2010
M8.8 Maule, Chile earthquake located just north of the 1960 event (USGS, 2019). Some of the main
event interplate earthquake along the subduction trench are shown in Figure 3.3.
Large intermediate-depth earthquakes, on the other hand, (those occurring between depths of
approximately 70 and 300 km) are relatively limited in size and spatial extent in South America, and
occur within the Nazca plate as a result of internal deformation within the subducting plate. These
earthquakes generally cluster beneath northern Chile and southwestern Bolivia, and to a lesser
extent beneath northern Perú and southern Ecuador, with depths between 110 and 130 km. Most of
these earthquakes occur adjacent to the bend in the coastline between Peru and Chile. The most
recent large intermediate-depth earthquake in this region was the 2005 M7.8 Tarapaca, Chile
earthquake (USGS, 2019).
5

Figure 3.4. Left: Seismicity in Perú and Ecuador showing the location and depth of the events during
the first five months of 2019 (Lagunas event marked with a yellow star). Right: Seismic zones in the
region. (After Instituto Geofísico del Perú, IGP
http://intranet.igp.gob.pe/bdsismos/downloads/5391-mapa.pdf).
The map on the left side of Figure 3.4 provides a closer and more recent look at the seismicity of
Northern Perú. The red circles depict shallow events (depth < 60 km), while the green circles depict
intermediate-depth events like the event of this VAST report. All events shown in this figure occurred
in the first five months of 2019. The yellow star marks the epicenter of the May 26, 2019 Lagunas
earthquake. According to the Peruvian seismic zonation, this event took place in a region of moderate
seismicity between regions 2 and 3 (Fig. 3.4 right).
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3.2 Earthquake details
The USGS origin report shows a fault mechanism in accordance with the intermediate-plate normal
fault of the region (Fig. 3.5). The moment release was quantified as 1.14e21 N-m that corresponds
to a Mw 8.0.

Figure 3.5. Moment tensor (USGS, 2019).
According to the USGS preliminary finite fault analysis, the rupture process took around 60 s with
biggest moment release occurring between 40-60 s. The average slip was around 1.5 m as shown
in Fig. 3.6 (USGS, 2019).

Figure 3.6. Rupture inversion plane. Left: Cross-section of slip distribution along the rupture. Right:
Surface projection (USGS, 2019).
The Shakemap produced by the USGS (Fig. 3.7) indicates estimated maximum Peak Ground
Accelerations (PGA) in the range of 0.4g~0.5g and the Intensity levels of up to VIII. Circles in this
map correspond to location of sites where USGS’s “Did you Feel It, DYFI” information was reported.
More information of recorded ground motions and DYFI information is presented in the following
sections.
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Figure 3.7. USGS Shakemap (USGS, 2019).
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4. Recorded Ground Motions
This section describes the ground motion records provided by the Centro Peruano-Japonés de
Investigaciones Sísmicas y Mitigación de Desastres (CISMID), refer to Fig. 4.1, the Colegio de
Ingenieros del Perú, and the Universidad Nacional de Ingeniería (CIP-UNI). CISMID is a collaborative
research center between Perú and Japan devoted to Earthquake Engineering and Disaster
Mitigation, which is supported by the Japan International Cooperation Agency (JICA) and is located
at the National University of Engineering (UNI by its initials in Spanish) in Perú. Along with several
institutions in Perú, they operate a network of more than 50 accelerographs, with more than half of
them located within the Lima metropolitan Region (the capital of Perú). Table 4.1 presents a summary
of the most significant PGA’s recorded in their network.
Table 4.1. Most significant peak ground accelerations recorded in the CISMID network (CISMID–
FIC–UNI Y SENCICO, 2019).
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Figure 4.1. Location of stations from the CISMID network that recorded the event (CISMID–FIC–
UNI Y SENCICO, 2019).

The Colegio de Ingenieros Civiles de Perú (CIP) in a collaboration with Universidad Nacional de
Ingeniería (UNI) operate another accelerograph network with 61 digital accelerometers (CIP-UNI,
2019). Table 4.2 presents the highest registered PGA’s from this network. The locations of each
station are depicted in Figure 4.2.

Table 4.2. Highest peak ground accelerations recorded in the CIP-UNI network (CIP–UNI, 2019).
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Figure 4.2. Location of accelerograph stations of the CIP-UNI network (CIP-UNI, 2019).
Figures 4.3 to 4.6 show the acceleration time series of the ground motions at the two stations that
recorded the largest PGAs of each network. These records were obtained in the cities of Moyobamba
(station CIP-MOYOBAMBA), Trujillo (station SENCICO-TRUJILLO), Iquitos (station SENCICOIQUITOS), and Chachapoyas (station CIP-UNTRM). Each figure is presented as provided by the
institutions operating these networks.
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Figure 4.3. Acceleration time series of each component recorded in the city of Iquitos at station
SENCICO-IQUITOS (CISMID–FIC–UNI Y SENCICO, 2019).
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Figure 4.4. Acceleration time series of each component recorded in the city of Trujillo at station
SENCICO-TRUJILLO (CISMID–FIC–UNI Y SENCICO, 2019).
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Figure 4.5. Acceleration time series of each component recorded in the city of Chachapoyas at
station CIP-UNTRM (CIP–UNI, 2019).
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Figure 4.6. Acceleration time histories of each component recorded in the city of Moyobamba at
station CIP-MOYOBAMBA (CIP–UNI, 2019).
Ground motions from the CISMID network were post-processed to remove instrument noise and to
retrieve the actual ground motions. The correction procedure that we conducted is summarized in
the following steps:
1. Subtract the mean acceleration in the pre-event portion of the record, a procedure often
referred to as basic baseline correction;
2. Decimate the record to 200 samples per second;
3. Add pre- and post-event zero-pads following recommendations by Converse and Brady
(1992);
4. Apply an acausal bandpass Butterworth filter of order 6 (filtered twice with order 3) with a lowcut frequency of 0.10 Hz and a high-cut frequency of 25 Hz.
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More involved baseline corrections (piecewise linear or quadratic) beyond that indicated in step one
were not required since coseismic displacements are not expected in ground motions recorded at
these large distances from the hypocenter.
Ground motions provided by CIP-UNI had already been baseline corrected and bandpass filtered
with a low-cut frequency of 0.10 Hz and a high-cut frequency of 25 Hz. Therefore, no further
processing was required for computing response spectra.

4.1 Response spectra
Figure 4.7 presents median spectral ordinates estimated for a Mw 8.0 event at a hypocentral depth
of 110 km for varying closest distance to the fault surface between 100 km and 500 km. The moment
magnitude and approximate hypocentral depth correspond to those of the May 26th 2019 Lagunas
earthquake. These predictions were computed using the García et al. (2005) ground motion
prediction equation (GMPE) which is applicable to free-field rock sites for intermediate-depth, normal
faulting inslab earthquakes.

Figure 4.7. Median pseudo-acceleration spectral ordinates estimated for four different source-to-site
distances, for an intermediate-depth intraplate event with Mw = 8.0, and hypocentral depth of 110 km,
using the GMPE developed by García et al. (2005).

Figure 4.8 shows the attenuation of the median, the 16th, and 84th percentiles PGA predictions using
the García et al. (2005) GMPE, compared with the PGAs in the east-west (EW) and north-south (NS)
components recorded at 34 stations in Perú. As expected, the amplitude of the recorded PGA values
decreases with increasing distance. However, it does not decrease at the same rate as the median
GMPE prediction suggests. This considerable difference in amplitude between the predictions from
the GMPE and the observations, particularly at large distances, is partly attributed to varying local
conditions at recording stations in this event (several of which were recorded on highly compressible
clay deposits) while the García et al. model was developed for rock sites, but also due to the fact that
16

the GMPE was developed based on 277 free-field ground motions recorded on rock sites during 16
intermediate-depth intraplate events in Mexico’s Cocos plate of Mw between 5.2 and 7.4 at distances
only up to 400 km. Therefore, both the magnitude and most of the distances to the recording stations
in this event and shown in Fig. 4.8 are well outside of the recommended range for this GMPE. Similar
information, but now corresponding to the 5% damped pseudo-acceleration spectral ordinates for
periods of vibration of 0.1 s and 1.0 s, is presented in Figures 4.9 and 4.10. Again, the observations
in most cases are larger than those predicted by the GMPE.

Figure 4.8. Variation of median, 16th, and 84th percentiles PGA estimated with the GMPE developed
by Garcia et al. 2005, compared to recorded PGAs at 34 Peruvian stations during the 2019 Lagunas
event.

Figure 4.9. Variation of median, 16th, and 84th percentiles short-period spectral acceleration (at a
period of 0.1 s) estimated with the GMPE developed by Garcia et al. 2005, compared with spectral
ordinates computed from recordings of 34 Peruvian stations during the 2019 Lagunas earthquake.
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Figure 4.10. Variation of median, 16th, and 84th percentiles intermediate-period spectral
acceleration (at a period of 1.0 s) estimated with the GMPE developed by Garcia et al. 2005,
compared with spectral ordinates computed from recordings of 34 Peruvian stations during the 2019
Lagunas earthquake.
Figure 4.11 shows the median spectral ordinates predicted by the García et al. (2005), the Montalva
et al. (2017), and BC Hydro (Abrahamson et al. 2016) GMPEs, along with the pseudo-acceleration
spectra of NS and EW components of the acceleration time series recorded at four different stations.
In the case of the Montalva et al. (2017) and BC Hydro models, a VS30 value of 200 m/s was used,
which is consistent with the soil type in the two sites presented in the upper row. The upper left
subfigure corresponds to a station in the city of Moyobamba, located at an epicentral distance of 192
km. The upper right subfigure corresponds to the station in the city of Chachapoyas which is located
at 292 km from the epicenter. The two bottom subfigures correspond to stations in the cities of Iquitos
and Trujillo, located at epicentral distances of 312 km and 490 km, respectively. The first three are
located in the back-arc region (i.e., east of Los Andes) while the latter is located on the coast in the
forearc region. In general, all three GMPEs underestimate the pseudo-acceleration spectral ordinates
computed from these records, especially for the intermediate and long period range in the station of
Moyobamba and the short and intermediate period range in the other three sites. These
underestimations can reach factors of more than three, especially in the short period range of the two
stations located farthest away from the epicenter.
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Figure 4.11: Response spectra of recorded ground motions, along with median predictions from the
García et al. (2005), Montalva et al. (2017) and BC Hydro (Abrahamson et al. 2016) GMPEs, using
VS30 = 200m/s (consistent with soil type at stations in Moyobamba and Chachapoyas).
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4.2 Strong motion duration inferred from Husid plots
Although several of the ground motion records from this event (those from four stations shown in
figures 4.2 to 4.6) have durations in excess of 400 s, not all of this duration correspond to strong
motion. Figure 4.12 shows Husid plots (Husid, 1969) which provide a measure on the time history of
the energy input of a record. These plots are computed as the integral of accelerations squared from
the beginning of the record to time t and therefore, by definition, are ascending curves. It can be seen
that while the ground motions at Moyobamba and Chachapoyas have strong motion durations (e.g.
D5-95) of about 100s, the records at Iquitos and Trujillo have much shorter strong motion durations
(i.e., of approximately 50s) despite having been recorded at distances farther away from the source.

Figure 4.12 Husid plots computed from the ground motions recorded at stations in the cities of
Moyobamba, Chachapoyas, Iquitos, and Trujillo.
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4.3 Ground motions recorded in other countries

Figure 4.13. Acceleration time series recorded at stations of the Guayaquil, Ecuador
network(modified from original figure developed by Juan Carlos Singaucho).

The earthquake produced ground motions not only in Perú, but also in other countries such as
Ecuador and Colombia. Figure 4.13 shows the ground motion acceleration series recorded by the
Guayaquil, Ecuador Network, kindly provided by the Instituto Geofísico, Escuela Politécnica
Nacional. This city is at approximately 660 km from the epicenter. As can be observed, highest PGAs
recorded in Guayaquil, Ecuador were about 0.04g, in stations GYGU and GYPS.
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Figure 4.14 Acceleration time histories, Husid plots and response spectra from ground motions
recorded at the accelerograph station located on the campus of the Catholic University of Santiago
de Guayaquil (UCSG) on a rock outcrop (Dr. Xavier Vera, personal communication).

Figure 4.15 Acceleration time histories, Husid plots and response spectra from ground motions
recorded at the Ramón de Unamuno accelerograph station (ERU) located on soft soil deposits in
Guayaquil (UCSG) (Dr. Xavier Vera, personal communication).
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Ground motions in the city of Guayaquil are of particular interest as most of the city is built on very
soft soil clay deposits. The city is located mainly on the left bank of the Guayas River and is the
largest urban area in Ecuador, with a population of more than 2.3 million. Similarly to Mexico City,
Guayaquil is susceptible to suffer damage even from very distant earthquakes. For example, several
fatalities and collapses along with a large amount of damage were produced in the city as a result of
the April 16, 2016 Mw 7.8 Muisne earthquake, despite being 286 km away from the epicenter
(approximate shortest distance to the rupture was 170 km). Although with smaller water contents,
smaller plasticity indices and larger shear wave velocities than soft deposits in Mexico City, the soft
soils deposits in Guayaquil have produced large amplifications and are a major concern for the
seismic risk in the City (Vera-Grunauer, 2014).
There are two accelerograph networks in the city of Guayaquil, one operated by the Instituto
Geofisico Nacional (IGN), and the other operated by Universidad Católica de Santiago de Guayaquil
(UCSG). Figure 4.14 shows acceleration times histories along with Husid plots and response spectra
computed from ground motions recorded on the UCSG campus which is built on a sedimentary rock
outcrop locally known as the “cayo formation”. Figure 4.15 shows acceleration times histories along
with Husid plots and response spectra computed from ground motions recorded at the Ramón
Unamuno sports park (ERU station) on deep soft deltaic estuarine clay deposits (Vera-Grunauer,
2014). As shown in this figure, these soft soil deposits significantly modify the intensity and frequency
content of the ground motions leading to large acceleration and displacement demands, particularly
for structures whose periods of vibration are similar to those of the fundamental period of the soil
deposit which for this station is approximately 1.5s.

23

5. “Did you feel it?” Reports
“Did You Feel It?” (DYFI) is a system operated by the USGS that was developed to tap the abundant
information available about earthquakes from the people who experience them. By taking advantage
of the vast number of Internet users, it is possible get a more complete description of what people
experienced during the earthquake, the effects of an earthquake, and the extent of damage (USGS
DYFI).
The DYFI Map and related products produced by the USGS are created within minutes of each
earthquake of magnitude 1.9 or greater. The origin information (location and time) of each earthquake
is provided by the Advanced National Seismic System (ANSS) and its regional and national networks
partners in the U.S. (USGS DYFI).
The following sections describe some of the maps created by USGS as a result of this earthquake.
More recently, various Institutes of Geophysics and Seismological Centers in several other countries
have developed similar systems and products. Results and information from this earthquake
produced by these other centers are also described in the following sections. It is worth mentioning
that these reports need to be analyzed with caution since they are subjective in nature and often
characterized by large variability.

5.1 Perú and Ecuador
The DYFI survey available at the USGS website had around 1500 responses in the first 8 hours after
the event. The responses came from people in Perú and Ecuador. The evolution over time of these
responses is shown in Figure 5.1.

Figure 5.1: Did you feel it responses collected by the USGS (USGS, 2019)
Near the epicenter, there were reports of extreme shaking associated with very heavy damage.
However, major cities in Perú and Ecuador did not report intensities beyond moderate (Figure 5.2
left). The attenuation of intensity with increasing hypocentral distance shows large dispersion.
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Figure 5.2: Left: Map of intensities inferred from DYFI responses in northern Perú and Ecuador.
Right: Intensity vs hypocentral distance compared with empirical relationships (USGS, 2019).

The Instituto Geofísico Nacional del Ecuador (Ecuador’s National Institute of Geophysics) also has
developed a DYFI system and issued a report as a result of this earthquake based on 2875 individual
reports. Ecuador has a total of 23 continental provinces as shown in Figure 5.3, with many regions
experiencing strong intensities, especially those in the south-eastern portion of the country as shown
in Figure 5.2. The most affected provinces were Azuay, Bolivar, Loja, Cañar, Tungurahua,
Chimborazo, Guayas, El Oro and Zamora Chinchipe, where the earthquake was described as “strong
– very strong”. The estimated intensity in these regions varies between 4 to 5 in the European
Macroseismic Scale (EMS). The residents indicated that the earthquake was characterized mainly
by horizontal shaking that caused cups, lamps, and windows to be disturbed. In Guayaquil, a large
city built largely on soft soil deposits and located 660 km from the epicenter, most were woken up by
the earthquake and people indicated that they could hear the sloshing of the water in their cisterns.
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Figure 5.3. Political map of Ecuador (Source: Wikimedia Commons).
In the provinces of Pichincha, Cotopaxi, Napo, and Pastaza the motion was described as “moderate
– strong”, however, it did not caused damage in buildings. The estimated intensity was 4 EMS. In
other provinces such as Carchi, Imbabura, Esmeraldas, Manabi and Sucumbios, shaking was
described as “light-moderate” which reflects an intensity of 3 EMS. In beach cities such as Salinas
and Ballenita, located 800 km from the epicenter, most people did not feel the earthquake. No
damage has been reported in these cities.
Likewise to the Ecuador Geological Survey, the Servicio Nacional de Gestión de Riesgos y
Emergencias in Ecuador also published situation reports throughout the day of the event. This
document reports minor effects in housing in Tantzaza and in Centinela del Condor communities
located in Zamora Chinchipe. There were localized landslides in Morona Santiago km 42-San Juan
Bosco, Orellana-Via el Coca and Azuay, where primary roads were blocked. Table 5.1 describes the
intensities perceived throughout the country.

Table 5.1. Report of perceived intensity in Ecuador.
Reports of perceived intensity
Intensity

Province

Canton
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Bolivar
Chimborazo
Cotopaxi
Esmeraldas

Loja

Los Rios

Strong

Riobamba, Alausí, Colta, Chambo, Chunchi, Guamote, Guano, Pallatanga, Penipe,
Cumandá
Latacunga, La Mana, Pangua, Pujili, Salcedo, Saquisili, Sigchos
Esmeraldas

Calvas, Catamayo, Celica, Chaguarpamba, Espíndola, Gonzanamá, Loja, Macará,
Olmedo, Paltas, Pindal, Puyango, Quilanga, Saraguro, Sozoranga, Zapotillo

Quinsaloma, Urdaneta, Valencia, Ventanas, Vinces

Manabi

Tosagua, Sucre, Santa Ana, San Vicente, Rocafuerte, Puerto López, Portoviejo,
Pichincha, Pedernales, Paján, 24 De Mayo, Bolívar, Chone, El Carmen, Flavio Alfaro,
Jama,Jaramijó, Olmedo, Jipijapa, Junín, Manta, Montecristi

Morona
Santiago

Gualaquiza, Huamboya, Limón Indanza, Logroño, Morona, Pablo Sexto, Palora, San
Juan Bosco, Santiago, Sucúa, Taisha, Tiwintza

Pastaza

Pastaza, Mera, Santa Clara, Arajuno

Pichincha

Moderate

Guaranda, Chimbo, San Miguel, Chillanes, Echeandía, Las Naves, Caluma

Pedro Moncayo, Pedro Vicente Maldonado, Quito, Rumiñahui, San Miguel De Los
Bancos

Tungurahua

Ambato,Baños De Agua Santa,Cevallos,Mocha,Quero,San Pedro De Pelileo

Zamora

Centinela Del Cóndor, Chinchipe, El Pangui, Nangaritza, Palanda, Paquisha,
Yacuambí, Yantzaza, Zamora

Azuay

Camilo Ponce Enriquez, Chordeleg, Cuenca, El Pan,Giron, Guachapala, Gualaceo,
Guachapala, Santa Isabel, Nabon, Sevilla De Oro, Pucara, Paute

Cañar

Azogues,Biblián,Cañar,Deleg,El Tambo,La Troncal,Suscal

Guayas

Pichincha

Guayaquil, Samborondón, Lomas De Sargentillo, Isidro Ayora, Balzar, Nobol, Salitre
(Urbina Jado), Milagro, Playas, El Triunfo, Naranjito, San Jacinto De Yaguachi, El
Empalme, Alfredo
Mejía,Puerto Quito

Sto Domingo

Santo Domingo

Tungurahua

Patate,Santiago De Píllaro,Tisaleo

27

5.2 Colombia
The Servicio Geológico Colombiano (Colombia Geological Survey) collected 2680 responses within
260 minutes of the event.
This event did not cause structural damage in Colombia. The reported damages in the yellow circles
of Figure 5.4 are related to a few issues with non-structural elements. The shaking was felt mainly in
the southern part of the country given the closer proximity to the epicenter. Nevertheless, the
earthquake was felt as far as Bogotá, where people evacuated many buildings and reoccupied them
a few hours after the event. Bogotá sits on deep (100 to 500m) soft soil (mostly clay) deposits that
most likely amplified the ground motion. Figure 5.5 depicts the attenuation of seismic intensity,
starting at around 600km away from the epicenter.

Figure 5.4. Summary of intensities felt in Colombia (SGS, 2019).
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Figure 5.5. Intensity vs distance (SGS, 2019).
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6. Local Codes and Construction Practices
Masonry and adobe are the most prevalent construction materials in Perú (Yepes-Estrada et al.,
2017). These materials are mostly used in low-rise buildings. Confined masonry housing has been
the most popular construction type in the urban regions of Peru in the last 50 years (Loaiza & Blondet,
2002). These buildings have load-bearing unreinforced clay masonry confined in the perimeter by
small cast-in-place reinforced concrete tie/confining “columns” and beams. The tie/confining
“columns” and tie/confining beams are cast after the masonry walls are built. The main purpose of
the confining elements is to increase the deformation capacity of the masonry walls beyond the
deformation that initiates diagonal cracking. Confined masonry buildings have limited shear strength,
however, when properly detailed and built have shown to provide good seismic resistance and
acceptable performance.
Construction in adobe, or “construcción en tierra” (construction with soil) as is locally known, is a
traditional practice in Perú for over 200 years and can be found everywhere in the country, with higher
density found in low-income regions (Loaiza, Blondet, & Ottazzi, 2002). Adobe walls are made of
adobe blocks laid in mud mortar. The roof structure usually consists of timber beams with timber
planks covered with a mud mortar overlay, clay tiles, or metal sheets.
Reinforced concrete buildings are less common since they are primarily used for medium- and highrise buildings. In Peruvian construction practice, reinforced concrete is prefered over structural steel
since the latter typically is more expensive in Perú.
Perú has had a seismic code since 1977. The latest version of this document, the Seismic Resistant
and Design Code NTE.030, was approved in 2016 (Ministerio de Vivienda, 2016). This code is a
modern seismic standard that incorporates chapters in seismic hazard, structural analysis, stiffness,
strength and ductility requirements, and non-structural components. Figure 6.1 shows the different
seismic zones in Perú included in the 2016 seismic code NTE.030, and Figure 6.2 shows the design
spectra corresponding to each of these seismic zones. Though the seismic code has been available
for several decades, it has not been appropriately enforced. The large urban growth in Perú has
increased the building stock significantly in recent decades. A large percentage of these buildings
was constructed without a proper engineering design and with low-quality construction practices,
especially in the low-income regions, both in urban and rural areas.
Various studies and evidence from previous earthquakes have already demonstrated that these
poorly-engineered and non-engineered buildings have high seismic vulnerability. The Mw 8.0 2007
Pisco earthquake in central Perú caused significant damage and multiple collapses in these types of
buildings. Figure 6.3 shows and example of a collapse of a non-engineered adobe building after the
Pisco earthquake. In contrast, buildings that were designed and constructed following the engineering
standards in the seismic code performed significantly better. Multiple housing units, hospitals and
schools built according to the seismic code had minor or no damage after the 2007 Pisco earthquake
(Elnashai et al., 2008).
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Figure 6.1. Map with the different seismic zones defined by the Peruvian seismic code NTE.030
(Ministerio de Vivienda, 2016).

Figure 6.2. Seismic design spectra for the different seismic zones shown in Figure 6.1. The design
spectra were estimated for rock and very rigid soils according to the Peruvian seismic code NTE.030
(Ministerio de Vivienda, 2016).
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Figure 6.3. Example of collapse of non-engineered adobe construction in Perú as a result of the
2007 Pisco earthquake (Source: EERI Housing encyclopedia).
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7. Estimated Population Exposed
PAGER which is a product of the USGS produces automatic reports on estimates of the possible
impacts of large earthquakes by combining information from the spatial distribution of population and
using isoseismals based on modified Mercalli intensity (MMI). This section discusess the population
exposure. Figure 7.1 shows the isoseismals estimated for this earthquake. The earthquake was more
intensely felt in Peru, with the highest estimated MMI of VIII. Strong shaking corresponding to MMI’s
of IV and V were also estimated for Ecuador, Colombia and Brazil. Figure 7.2 shows the number of
people exposed to each shaking intensity as reported by the USGS. Because the earthquake
occurred in a sparsely populated area, the largest shaking intensity (VIII) only affected around
160,000 people. This number of people is relatively low compared to the populations in the largest
cities of Peru, Ecuador, and Colombia, which have millions of people.
Table.1 shows the closest cities to the epicenter with significant population exposed to different
shaking intensities ranging from light to severe. As mentioned earlier, the cities with MMI of VIII have
relatively small populations. Yurimaguas is the largest city that experienced an MMI of VIII. For
comparison purposes, Table 7.2 lists the number of people in the ten largest cities in Peru. The
distance to the earthquake epicenter from each of these cities is also included.

Figure 7.1. Isoseismals (curves of equal MMI) estimated for the 2019 Lagunas earthquake (USGS,
2019).
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Figure 7.2. Number of people exposed to different earthquake shaking intensities (MMI) in selected
cities as a result of the earthquake (USGS, 2019).
Table 7.1. Closest cities to the epicenter with significant population exposed to different shaking
intensities (MMI) as reported by USGS (population data from Wikipedia commons).
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Table 7.2. Largest cities in Perú, and their distance to the earthquake epicenter.

Rank

City

Population

Latitude

Longitude

Epi D [km]

1

Lima

9,562,280

-12.0500

-77.0333

721

2

Arequipa

1,008,290

-16.3989

-71.5350

1248

3

Trujillo

919,899

-8.1160

-79.0300

486

4

Chiclayo

552,508

-6.7714

-79.8409

513

5

Piura

473,025

-5.1783

-80.6549

597

6

Huancayo

456,250

-12.0651

-75.2049

697

7

Cusco

428,450

-13.5226

-71.9673

933

8

Chimbote

381,513

-9.0853

-78.5783

514

9

Iquitos

377,609

-3.7491

-73.2538

321

10

Pucallpa

326,040

-8.3929

-74.5826

299
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8. Estimated Loss of Life and Injuries
The PAGER (Prompt Assessment of Global Earthquakes for Response) product of the USGS is an
automated system that produces content concerning the estimated impact of significant earthquakes
around the world, informing emergency responders, government and aid agencies, and the media of
the scope of the potential disaster. PAGER rapidly assesses earthquake impacts by comparing the
population exposed to each level of shaking intensity with models of economic and fatality losses
based on past earthquakes in each country or region of the world (USGS, 2019).
PAGER produces rough estimates of the probability density functions of the number of fatalities and
of economic losses in U.S. dollars. More specifically, these approximate probability density functions
provide estimates of the probabilities of the order of magnitude of the number of fatalities and
economic losses by providing probabilities within specific ranges each varying an order of magnitude
from the previous one. of shaking-related fatalities in this event was projected as relatively low
according to the USGS (Fig. 8.1a) compared to previous earthquakes with similar magnitude. Such
low projections stem from a combination of the relatively large depth of this event (110 km) relative
to the depth of the more common interplate earthquake along the coast and the relatively small
population that was exposed to strong shaking. USGS estimated that there was approximately 80%
that the number of fatalities would be between 10 and 1,000. They estimated only a 10% probability
of the fatalities being smaller than 10. It should be noted that these estimate are typically
characterized by very large variabilities given the important uncertainties involved in the estimation
of the number of fatalities. The median, mean, and standard deviation of the PAGER fatality
predictions computed by recovering the parameters of a lognormal distribution from their probability
densities (Jaiswal and Wald, 2010) are 93, 436, and 1237, respectively. By the second day after the
earthquake, official reports by the Peruvian Emergency Operations Center (Centro de Operaciones
de Emergencia Nacional - COEN) said that the earthquake caused only two reported fatalities in
Cajamarca and fifteen people injured (COEN Perú, 2019). Thus, the PAGER fatality mean and
median were significantly larger than the actual number of fatalities.
Similarly, PAGER estimated economic losses were projected to be relatively small (Fig. 8.1b) relative
to the economy of Perú. PAGER median, mean, and standard deviation of the loss inferred from the
approximate probability density function were estimated to be $382M, $ 9,324M, and $ 138,202M,
respectively. The GDP in Perú is $211B and the GDP-per-capita is $6.5k, approximately 9 times
smaller than the GDP-per-capita in the U.S. Thus, the median and mean are 0.2% and 4.4% of the
Peruvian GDP (for reference, the U.S. GDP is almost 90 times larger than the Peruvian GDP). It
should be noted that these economic loss estimates are characterized by even larger variabilities
than those in their estimates of the number of fatalities. Multiple damage to roads, buildings, schools,
and hospitals have been reported, but to date, no official report on the total economic losses caused
by this earthquake has been issued. Past events with this alert level have required a regional or
national-level response.

(a)

(b)

Figure 8.1. PAGER Estimated probability of (a) fatalities and (b) economic losses for the May 26,
2019 Lagunas, Perú Earthquake (USGS, 2019)
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9. Impacts
9.1 Geotechnical damage
Figures 9.1 to 9.45 show several cases of geotechnical damage caused by the May 26th Lagunas
earthquake. This event caused several cases of ground failure (Figures 9.1 to 9.5), landslides
(Figures 9.6 to 9.8, 9.15 to 9.17, 9.33 to 9.37, and 9.39), lateral spreading (Figures 9.9 to 9.14, 9.25,
9.38, and 9.40 to 9.43), liquefaction (9.18 to 9.24, 9.44 and 9.45), and apparent combined liquefaction
and lateral spreading (9.26 to 9.32).

Figure 9.1. Ground failure inside family house in Alto Amazonas, Loreto (Source: AFP [3]).
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Figure 9.2. Cajabamba-Cajamarca road, close to Huañiamba (COEN, 2019).

Figure 9.3. Cajabamba-Cajamarca road, close to Huañiamba (COEN, 2019).
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Figure 9.4. Cajabamba-Cajamarca, close to Huañiamba (COEN, 2019).

Figure 9.5. Road connecting Cajamarca, Huanuco and La Libertad (Source: Cuarto Poder, TV
News).
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Figure 9.6. Road connecting Cajamarca, Huanuco and La Libertad (Source: Cuarto Poder, TV
News).

Figure 9.7. Landslide at the Gualaceo-Sigsig highway at the Province of Azuay (Source: Diario El
Universo [1]).
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Figure 9.8. An aerial view of a landslide near Yurimaguas in the Amazon region of Peru (Jourdan
et al. 2019).

Figure 9.9. Lateral spreading along the Huallaga river at the Santa Gema near Yurimaguas in the
Amazon region of Peru (Jourdan et al. 2019).
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Figure 9.10. Lateral spreading along the Huallaga river at the Santa Gema near Yurimaguas in the
Amazon region of Peru (Jourdan et al. 2019).

Figure 9.11. Lateral spreading along the Huallaga river at the Santa Gema near Yurimaguas in the
Amazon region of Peru, (Jourdan et al. 2019).
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Figure 9.12. Lateral spreading along the Huallaga river at the Santa Gema near Yurimaguas in the
Amazon region of Peru, (Jourdan et al. 2019).

Figure 9.13. Lateral spreading along the Huallaga river at the Santa Gema near Yurimaguas in the
Amazon region of Peru, (Jourdan et al. 2019).
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Figure 9.14. Lateral spreading along the Huallaga river at the Santa Gema near Yurimaguas in the
Amazon region of Peru, (Jourdan et al. 2019).

Figure 9.15. Landslide/rockfall-induced damage to the highway between Tarapoto and Yurimaguas
(Holguin, 2019).
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Figure 9.16. Damaged highway Tarapoto -Yurimaguas (Holguin, 2019).

Figure 9.17. Rock slides, near Yurimaguas City, Loreto Region (Holguin, 2019).
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Figure 9.18. Liquefaction ejecta in district of Lagunas in Alto Amazonas, 145 km away from
epicenter Loreto Region, (Source: Perú 21).

Figure 9.19. Liquefaction ejecta under a house built on wooden piles in district of Lagunas in Alto
Amazonas, 145 km away from epicenter, Loreto Region. (Source: Perú 21).
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Figure 9.20. Liquefaction at the Sauce district and Caserio 2 de Mayo in San Martin. (Source:
Rotafono [2]).

Figure 9.21. Damage to a power pole and electrical transformer caused by liquefaction at the
Sauce district and Caserio 2 de Mayo in San Martin. (Source: Rotafono [2]).
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Figure 9.22. Collapse of a power pole and electrical transformer caused by liquefaction-induced
failure of its footing foundation at the Sauce district and Caserio 2 de Mayo in San Martin. (Source:
Rotafono [2]).

Figure 9.23. Liquefaction ejecta in El Sauce Resort, Tarapoto. (Source: Rotafono [2]).
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Figure 9.24. Liquefaction ejecta in El Sauce Resort, Tarapoto (Source: Rotafono [2]).

Figure 9.25. Failure of the slab-on-grade at El Sauce Resort, Tarapoto (Source: Rotafono [2]).
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Figure 9.26. Seismically-induced ground damage due to apparent liquefaction and lateral
spreading at El Sauce District (Source: Ministerio de Vivienda del Perú - Photo by Miguel Estrada).

Figure 9.27. Seismically-induced ground damage due to apparent liquefaction and lateral
spreading at El Sauce District (Source: Ministerio de Vivienda del Perú - Photo by Miguel Estrada).
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Figure 9.28. Seismically-induced ground damage due to liquefaction and lateral spreading at El
Sauce District (Source: Ministerio de Vivienda del Perú - Photo by Miguel Estrada).

Figure 9.29. Seismically-induced ground damage at El Sauce District (Source: Ministerio de
Vivienda del Perú - Photo by Miguel Estrada).
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Figure 9.30. Seismically-induced ground damage due to liquefaction and lateral spreading at El
Sauce District (Source: Ministerio de Vivienda del Perú - Photo by Miguel Estrada).

Figure 9.31. Seismically-induced ground damage due to apparent liquefaction and lateral
spreading at El Sauce District (Source: Ministerio de Vivienda del Perú - Photo by Miguel Estrada).
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Figure 9.32. Seismically-induced ground damage at El Sauce District (Source: Ministerio de
Vivienda del Perú - Photo by Miguel Estrada).

Figure 9.33. Yurimaguas-Tarapoto road, hill landslides(Source: @govanniacate via Twitter).
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Figure 9.34. Yurimaguas-Tarapoto road, hill landslides (Source: @govanniacate via Twitter).

Figure 9.35. Yurimaguas-Tarapoto road, hill landslides (Source: @govanniacate via Twitter).
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Figure 9.36. Landslides at the Leymebamba-Chachapoyas road, Ubillon sector, km 272+00,
Amazonas (COEN, 2019).

Figure 9.37. Landslides at the Leymebamba-Chachapoyas road, Ubillon sector, km 272+00,
Amazonas (COEN, 2019).
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Figure 9.38. Huallaga pier at Lagunas with apparent lateral spreading effects (Source:
@govanniacate via Twitter).

Figure 9.39. Rockfall at 2 de Mayo village (located at 1.5 hours from Tarapoto, Sauce district)
(Reategui and Mora, 2019).
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Figure 9.40. Apparent lateral spreading damage in buildings at the 2 de Mayo village, Yurimaguas.
(Reategui and Mora, 2019).

Figure 9.41. Severe damage in residential construction caused by ground deformations at the 2 de
Mayo village, Yurimaguas (Reategui and Mora, 2019).
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Figure 9.42. Apparent lateral spreading damage at the ground floor inside of a building at the 2 de
Mayo village, Yurimaguas (Reategui and Mora, 2019).

Figure 9.43. Apparent lateral spreading damage in buildings at the 2 de Mayo village, Yurimaguas
(Reategui and Mora, 2019).

58

Figure 9.44. Apparent liquefaction-induced effects in buildings located at the 2 de mayo village,
Yurimaguas (Reategui and Mora, 2019).

Figure 9.45. Failure of a wharf structure along the Huallaga river near Yurimaguas (Reategui and
Mora, 2019).
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9.2 Buildings
9.2.1 Residential buildings
Consistent with post-earthquake field observations from past Peruvian earthquakes, and other
earthquake-prone regions in developing countries, housing dwellings built with adobe suffered severe
damage (Figure 9.46). Typical failure modes observed in the dwellings included vertical cracking at
the corners of the house, which typically then leads to out-of-plane failures of the adobe walls.
Traditionally, adobe walls do not have any type of vertical and horizontal reinforcement and have
extremely low shear and lateral deformation capacity. Another structural deficiency is that roofs
usually support heavy clay tiles that are prone to collapse as shown in Figures 9.47 and 9.48. Some
housing dwellings in the affected region were built using hollow clay brick masonry walls, which also
suffered structural damage. Some of this damage was produced by diagonal tension cracking which
in some cases lead to out-of-plane failure of the walls as shown in Figure 9.49. In some cases
collapse of corner adobe was observed at dwellings and buildings as shown in Figure 50 and 51.
Figure 9.52 shows debris caused by the collapse of a parapet in a corner two-story adobe building in
Yurimaguas City.
At the time of writing this report, there were very few cases of damage in reinforced concrete
buildings. One exception is shown in Figure 9.53 which displays severe structural damage due to
shear failure in relatively short and poorly detailed reinforced concrete columns.

Figure 9.46. Collapse of old-housing dwelling built of adobe brick units in Huamachuco (Source:
Diario La República [4]).
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Figure 9.47. Collapse of old-housing dwelling built of adobe brick units in Huamachuco (Source:
Diario La República [4]).

Figure 9.48. Collapsed roof structure in, Yurimaguas City, Loreto Region (Holguin, 2019 Source:
Peruvian Fire-Department [7]).
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Figure 9.49. Out-of-plane failure of an interior hollow-clay brick masonry wall in Alto Amazonas,
Loreto (Source: AFP [3]).

Figure 9.50. Damaged to adobe building in Alto Amazonas, Loreto (Holguin, 2019).
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Figure 9.51. Partial collapse of a two-story adobe building in Yurimaguas, Perú (Holguin, 2019).

Figure 9.52. Partial collapse of the same two-story adobe building in Yurimaguas City (COEN,
2019).
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Figure 9.53. Shear failure in short foundation columns of a reinforced concrete building (Source:
Rotafono [2]).
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9.2.2 Commercial buildings
The strong earthquake also affected commercial buildings. For instance, a two-story corner building
built of hollow-clay masonry bricks suffered damage as shown in Figure 9.54. The cracking pattern
indicates that the out-of-plane failure of this masonry wall was likely preceded by diagonal tension
cracking in the masonry wall.

Figure 9.54. Out-of-plane failure of a masonry infill wall in a commercial building located in
Yurimaguas (Source: AFP [3]).
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9.2.3 Religious buildings
The earthquake resulted in the collapse of 5 churches and produced damage in 15 other churches.
Figures 9.55 and 9.56 show part of a heritage church bell tower that collapsed in the town of
Nambacola in the province of Loja. Nambacola is located at 56 km to the southwest of Loja city, the
capital of the province of Loja. Loja city is located about 490 km from the epicenter. The church
presents some cracking, and the bells that dated from 1901 were destroyed when the bell tower of
the church collapsed. This structure was registered as part of the Cultural Heritage since 2015.

Figure 9.55. Bell tower of a church collapsed in Loja, Ecuador, at 490 km away from the epicenter
(Trujillo, 2019).
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Figure 9.56. A heritage church bell tower that collapsed in the town of Loja, Ecuador (Cueva,
2019).

Figure 9.57. Out-of-plane collapse of a masonry wall at a church in Santa Cruz, Alto Amazonas
province, in the Loreto region (Source: Rotafono [2]).

Figure 9.58. Out-of-plane collapse of a masonry wall at a church in Santa Cruz, Alto Amazonas
province, in the Loreto region (Source: Rotafono [2]).
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Figure 9.59. Diagonal cracking in the facade of a church after the earthquake at Alto Amazonas
province, in the Loreto region (Source: Rotafono [2]).
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9.2.4 Healthcare facilities
The Peruvian Ministry of Healthcare reported that 52 health care facilities experienced some level of
damage as a consequence of this seismic event. Table 9.1 summarize the number of affected
healthcare facilities by region and province, while Table 9.2 reports the particular healthcare facility
and a description of the damage surveyed as reported by the Ministry of Health (MINSA by its initials
in Spanish). Six of the 52 affected healthcare facilities were hospitals that are out of service due to
this event.
Table 9.1. Summary of affected hospitals in Peru. Left: Number of hospital damaged by region. Right:
Number of hospitals damaged by province. (Source: Espacios de Monitoreo de Emergencias y
Desastres (EMED), Ministerio de Salud, Perú.)
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Table 9.2. PART I. Detailed list of affected hospitals including location (region, province, and district),
importance level, type of damage, current situation (updated May 28, 2019), and current functional
state. Source: Espacios de Monitoreo de Emergencias y Desastres (EMED), Ministerio de Salud,
Perú.
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Table 9.2. PART II. Detailed list of affected healthcare facilities including location (region, province,
and district), facility name, importance level, type of damage, current situation (updated May 28,
2019), and current functional state. Source: Espacios de Monitoreo de Emergencias y Desastres
(EMED), Ministerio de Salud, Perú.

Figures 9.60 to 9.62 show the severe damage of a healthcare facility in Huatapi, near Yurimaguas.
The new Santa Gemma hospital in Yurimaguas is a base-isolated structure (Figure 9.63) that had a
very good performance during the earthquake except for small cracking that was observed near the
Surgery department. The isolation bearing in the hospital are lead-core rubber bearing isolators which
are shown in Figure 9.64.
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Figure 9.60. General structural damage in a healthcare facility in Huatapi, near Yurimaguas, in the
Amazon region of Perú (Jourdan el al. 2019).

Figure 9.61. General structural damage in a healthcare facility in Huatapi, near Yurimaguas, in the
Amazon region of Perú (Jourdan el al. 2019).
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Figure 9.62. General structural damage in a healthcare facility in Huatapi, near Yurimaguas, in the
Amazon region of Perú (Jourdan el al. 2019).

Figure 9.63. Base-isolated hospital in Yurimaguas region (Courtesy of CIV Ingeniería Antisísmica).
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Figure 9.64. Lead-core rubber bearing base-isolator at hospital in Yurimaguas region (Courtesy of
CVI Ingeniería Antisísmica).

74

9.2.5 School buildings
It has been reported that 296 school buildings suffered damage, 6 are inhabitable and 5 out of them
collapsed in the Province of Alto Amazonas according to the Minister of Education [8]. Furthermore,
more than 500 schools suspended activities in five Peruvian regions as a result of the earthquake.
For example, Figures 9.65 and 9.66 show a severely damaged school buildings in La Esperanza and
Trujillo, respectively, while Figures 9.67 and 9.68 show an adobe school building damaged in the
District of Cascapuy.

Figure 9.65. Structural damage in upper first story columns in a school building in La Esperanza,
Perú (Source: Diario La Industria [6]).

Figure 9.66. Masonry damage in junior high school building in Trujillo, Perú (Source: Diario La
Industria [6]).
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Figure 9.67. Damage in an two-story adobe school building in Cascapuy, Perú (Source: Diario La
República [4]).

Figure 9.68. Damage in an adobe school building in Cascapuy, Perú (Source: Diario La República
[4]).
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9.3 Lifelines
It was reported that the bridge between Yurimaguas and Tarapoto (Puente Shimbillo) suffered
cracking in the asphalt surface (Figure 9.69). In the City of El Pangui, Zamora Chinchipe province in
Ecuador, it was reported that the bridge that crosses the Zamora river suffered severe cracking at
the bents (Figures 9.70 to 9.72). A vertical displacement of about 7 cm was measured after inspection
of the bridge. A recently built international small container port in Yurimaguas on the Huallaga River,
did not suffered any damage and it remained fully operational after the earthquake Figure 9.73.The
port structure consists of precast reinforced concrete (RC) beams supported by steel tube piles as
shown in Figures 9.74 and 9.75. The superstructure consists of RC precast beams supporting precast
slabs, as shown in Figure 9.76, prior to the pouring of the concrete topping. The precast slabs have
welded steel trusses so they are self-supported, including the “in situ” concrete weight and
construction loads.

Figure 9.69. Bridge between Yurimaguas and Tarapoto (Puente Shimbillo) which suffered minor
damaged after the earthquake [5].
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Figure 9.70. Overall view of the bridge that crosses the Zamora river in Zamora Chinchipe
province, Ecuador (Source:Bomberos El Pangui [7]).

Figure 9.71. Concrete spalling near the one of the supports of the bridge that crosses the Zamora
river in Zamora Chinchipe province, Ecuador (Source: Bomberos El Pangui [7]).
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Figure 9.72. Shear cracking at the base of one of the supports of the bridge that crosses the
Zamora river in Zamora Chinchipe province, Ecuador (Source: Bomberos El Pangui [7]).
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Figure 9.73. Three dimensional rendering of the new international container port in Yurimaguas on
the Huallaga River. (Source: Postensa SAC. Dr. Luis Bozzo).

Figure 9.74. Overview of the port of Yurimaguas during construction. (Source: Postensa SAC. Dr.
Luis Bozzo).
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Figure 9.75. Overview of the port of Yurimaguas during construction (Source: Postensa SAC. Dr.
Luis Bozzo).

Figure 9.76. Port of Yurimaguas during construction (Source: Postensa SAC. Dr. Luis Bozzo).

9.4 Non structural damage
This event caused significant damage to nonstructural elements such as infill walls, partition walls
(usually built of masonry), and various types of building contents. For example, Figure 9.77 shows
severe damage to masonry walls in a healthcare facility. As shown in Figure 9.78 in many cases
cracking in the walls was accompanied by plaster spalling. In other cases, building contents including
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medicines placed on shelves toppled by the high lateral accelerations as shown in Figure 9.79, while
Figure 9.80 displays medicine contents overturned by the high lateral accelerations.

Figure 9.77. Severe damage in a masonry win a healthcare facility near Yurimaguas in the
Amazon region of Perú (Jourdan et al. 2019).

Figure 9.78. Plaster spalling and wall cracking in Lagunas, Loreto (Source: Rotafono [2]).
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Figure 9.79. Medicine contents overturned by ground motions at Huatapi, from Capelo district,
Requena province (Loreto) (Source: Rotafono [2]).

Figure 9.80. Medicine contents overturned by ground motions at Huatapi, from Capelo district,
Requena province (Loreto) (Source: Rotafono [2]).
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9.5 Social Impacts
As of May 30th (14:30 local time), the National Emergency Operations Center (COEN, by its initials
in Spanish) reported 2 casualties and 17 injured inhabitants as a consequence of the earthquake,
and 1,634 affected families, of which 720 were forced to flee their homes (COEN, 2019b).
Additionally, it was reported 1,633 affected housing dwellings, of which 716 were judged to be
uninhabitable and 6 of them collapsed. Finally, COEN reported 296 affected school buildings,
counting 6 uninhabitable school buildings, 40 affected healthcare facilities, 6 in an uninhabitable
state. Similarly, it was reported that there were 5 collapsed religious buildings, 15 affected religious
buildings, and 21 affected commercial buildings. In terms of civil infrastructure, it was reported that
there was the collapse of one bridge, 5 affected pedestrian bridges, and 54 km of affected highway
roads. The following tables report in detail the statistics by District, Region, and Department compiled
by COEN (2019b).
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also works closely with the NSF-supported Natural Hazards Engineering Research Infrastructure
(NHERI) RAPID facility and cyberinfrastructure Reconnaissance Portal to more effectively leverage
these resources to benefit StEER missions.
StEER relies upon the engagement of the broad NHE community, including creating institutional
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stakeholders. While the network currently consists of the three primary nodes located at the
University of Notre Dame (Coordinating Node), University of Florida (Atlantic/Gulf Regional Node),
and University of California, Berkeley (Pacific Regional Node), StEER aspires to build a network of
regional nodes worldwide to enable swift and high quality responses to major disasters globally.
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with Associate Directors for the two primary hazards as well as cross-cutting areas of Assessment
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primary liaison to the Earthquake Engineering community.

●
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Wind Hazards, leading StEER’s Atlantic/Gulf Regional node and serving as primary liaison
to the Wind Engineering community.

●

Ian Robertson (co-PI), University of Hawai’i at Manoa, serves as StEER Associate
Director for Assessment Technologies, guiding StEER’s development of a robust
approach to damage assessment across the hazards.

●

David Roueche (co-PI), Auburn University, serves as StEER Associate Director for Data
Standards, ensuring StEER processes deliver reliable and standardized reconnaissance
data.
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