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Mw=7.8 on 16th April at 18:58,depth=19km
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Largest Eartquakes (1906)# 7 Off the Coast of Ecuador(USGS).

Map of Tectonic Summary Region

SOURCE: USGS



Epicenters

The event occurred near the boundary zone between the Nazca and the South 
American plates(Toulkeridis, 2013)

April 16, 2016 (Mw 7.8), April 20 (Mw 6.2 and 6.0),

April 22 (Mw 6.0) and May 18 (Mw 6.7 and 6.8)



Geodynamic setting of Ecuador, the Galapagos Islands and the Carnegie Ridge. 
Adapted from Toulkeridis, 2013



Near twenty Ecuadorian volcanoes are considered to be active for the last century,
five of these erupted in the last 17 years. Left: Eruption of Guagua Pichincha
(0°10'14.88"S, 78°36'45.36"W) on October 7th, 1999; Upper right: Typical smaller
and frequent eruption of Tungurahua in 2002 (1°28'12.71"S, 78°26'41.28"W);
Centrer: Eruption of Sangay in 2001 (2°00'17.99"S, 78°20'26.88"W); Lower right:
Biggest eruption in past decades of Reventador in 2002 (0°04'39.00"S,
77°39'20.87"W). Photos by Alois Speck and Anonymous (Reventador).



HUMANS 

ECONOMICS 

earthquake left 667 fatalities, over 16000 
injured and 20000 displaced. 



METODOLOGY



Damage Assessment/Tagging/Incorporation of ATC‐20 
The document has been adapted for the evaluation of buildings damaged during this earthquake (damage 
and conditions of a building).

RED IS DAMAGED 

YELLOW IS DAMAGED, MY FALL IN AFTER 
SHOCK

GREEN IS HABITABLE 
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Damage report from IGM 
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Damage report from GEER 
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Contours of Intensity from USGS and strong motion stations (SMS) color coded by the intensity of the motion
in terms of the geo‐mean peak ground acceleration (PGA) and Acceleration time series in the EW and NS
component overlying a map of Ecuador with the main cities and stations.



• Response Spectrum and Code‐Based Design Spectra NEC‐2015 (a return period  
475yr prob. of exceedance of 10% in 50 years)

QUITO

Pedernales

Manta
Portoviejo

Chone

Esmeraldas

Guayaquil
Ground motions provided by the Seismology Department, Instituto Geofísico, Escuela Politecnica Nacional, Ecuador with details in their report Singaucho, J., Laurendeau, A., 
Viracucha, C., Ruiz, M. (2016). “Observaciones del Sismo del 16 de Abril de 2016 de Magnitud Mw 7.8”



• Response Spectrum. NEC‐2015 (475yr)
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Ground motions provided by the Seismology Department, Instituto Geofísico, Escuela Politecnica Nacional, Ecuador with details in their report Singaucho, J., Laurendeau, A., 
Viracucha, C., Ruiz, M. (2016). “Observaciones del Sismo del 16 de Abril de 2016 de Magnitud Mw 7.8”



Housing and building inventory and Construction‐ This  presents the type of buildings in the 
area affected by the earthquake

Wood houses Residential Building with 
commercial  first floor

Reinforced Concrete 
Building



There were several buildings that completely collapsed

Portoviejo Pedernales Bahia de Caráquez

SOURCE: EL COMERCIOSOURCE: GOOGLE SOURCE: UB TEAM



Portoviejo(170km, PGA=0.37g)
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Ecuatorian Institute Social Security



Main structural Observation The damage at each building was dependent on 
the structural system, poor seismic detailing, poor construction practices, quality 
of materials, and intensity of the ground motion. 

Soft Story failure. The first floor of these buildings collapsed

Portoviejo Manta Bahia de Caráquez



Main structural Observation
Sings of several corrosion on reinforced steel , collapsed electrical pole with corrosion and 
reduction of effective area of longitudinal steel.



Hospitals 
Plastic hinges formed in the columns of the buildings and residential houses. The masonry walls 
between columns restrained the column height and increases the shear demand when the plastic 
flexural demand concentrated at their ends.



Main structural Observation
Reinforced concrete detailing: 

Stirrup spacing and discontinuity in the longitudinal rebars were observed in columns of some 
older multistory moment frame buildings.



Main structural Observation
Liquefaction –Soild Failure: 

The settlement caused some building to sink.



• Drift • Acceleration:

0.4
1 2

Main nonstructural Observation
This Building/hospital suffered no structural damage, the building/hospital was completely closed because there was an 
extensive nonstructural damage related to nonstructural elements that are sensitive to drifts and acceleration.



Hospitals and health infrastructure

Although none of the hospital facilities collapsed, 22 were left inoperative in the province of Manabí and Esmeraldas due to 
severe damage to non-structural components. Medical assistance was provided from temporary shelters, resulting in 
overcrowding, lack of sanitation and increasing risk of epidemic disease transmission. 

IESS Hospital Manta  Solca Hospital Portoviejo Bahia HospitalHospital Chone



Main Nonstructural Observation

Masonry infill‐ Outpatient  Ducts and ceilings Nonstructural damage



Main nonstructural Observation 



FEMA E ‐74 METHODOLOGY

PHASE 1

PHASE 2

PHASE 3
•Nonstructural Elements Assessed
•Visual Inspection Form

PHASE 4
•Implementation
•Checklist

The proposed :
• Estimation of malfunction  and common problems  that affect any hospital in Ecuador under  earthquakes. 

ASSESSMENT OF NONSTRUCTURAL COMPONENTS OF TWO HOSPITALS IN ECUADOR 

FOR POTENTIAL SEISMIC HAZARD IN ACOORDANCE WITH FEMA E‐74.





TECHNOLOGIES, MONITORING, PROTECTION (BIG PICTURE)

Japan Society of Seismic Isolation

QUE ESTAMOS 
ESPERANDO?



CONSTRUCTION AND DESING ISSUES

• Qualified professionals doing the supervision
• Materials

Sea water
Sea sand

The poor structural performance was mainly due to the existence of many vulnerable 
structures and common problems of irregularity and limited ductility.

• Inspection during the construction
• Code issues addressing the probability of failure
• Role of the professionals in the designs
• Peer review of actual designs
• Education and Research

•



The earthquake also affected water and electricity supply, leaving
many people without drinkable water and telecommunication. The
nearly 50sec earthquake left 667 fatalities, over 16000 injured and
20000 displaced. The economic loss was estimated as 3billion US
dollars.
The poor structural performance was mainly due to the existence of
many vulnerable structures and common problems of irregularity and
limited ductility. Although none of the hospital facilities collapsed, 22
were left inoperative in the province of Manabí and Esmeraldas due to
severe damage to non-structural components. Medical assistance was
provided from temporary shelters, resulting in overcrowding, lack of
sanitation and increasing risk of epidemic disease transmission.
Some landslides and lateral spreading caused partial disruption of the
transportation system hindering access to the affected areas.
The overall performance of bridges was satisfactory, except the
collapse of an overpass reinforced concrete structure in the city of
Guayaquil, 280km from the epicenter.



REFERENCIAS:
AISC. ( 2011). Seismic Design Manual, 2nd ed. Chicago, IL : American Institute of Steel Construction. 

AISC. (2011). Steel Construction Manual, 14th ed. Chicago, IL : American Institute of Steel Construction.

ASCE. (2010). Minimum Design Loads for Buildings and Other Structures. ASCE/SEI Standard 7‐10, American Society of Civil Engineers. Reston, VA., 656 p.

Bruneau, M., Uang, C.M., & Sabelli, R. (2011). Ductile Design of Steel Structures. New York, NY : McGraw‐Hill.

Constantinou,  M., Ecker, R., Filiatrault, A., and Kalpakidis, I., (2011). LRFD‐Based Analysis and Desing Procedures for Bridge Bearings and Seismic Isolators, 237 p., Buffalo.

Christovasilis,  I.P., Filiatrault, A., and Wanitkorkul, A.  (2007). Seismic Testing of a Full‐Scale
Two‐Story Light‐Frame Wood Building: NEESWood Benchmark Test. NEESWood Report
No. MCEER‐09‐0005, Multidisciplinary Center for Earthquake Engineering Research, University at Buffalo, State University of New York, Buffalo, NY, 216 p.

Disaster types and impacts. (2010, January). Retrieved  from www.housingreconstruction.org:  ,http://www.housingreconstruction.org/housing/‐
sites/housingreconstruction.org/files/Disaster%20Types%20and%20Impacts.pdf

Ecuador’s Army Corps of Engineering. (2012). Retrieved from www.cee.gov.ec/

FEMA, (2011). Reducing the Risks of Nonstructural Earthquake Damage – A Practical Guide, Federal Emergency Management Agency, Washington, DC, 755 p

Filiatrault, A., and Christopoulos, C., (2006).Principles of Passive Suplemental Damping and Seismic Isolation., pp.331‐349.

Filiatrault, A., (2013). “Class notes of Seismic Desing and Analysis of Nonstructural Building Components”. University at Buffalo, State University of New York, Buffalo, NY.


