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April 16, 2016 M7.8, Ecuador Earthquake

Introduction
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October 17, 1989 M 6.9 Loma Prieta Earthquake
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April 16, 2016 M7.8, Ecuador Earthquake

October 17, 1989 M, 6.9 Loma Prieta Earthquake

Earthgquakes around@the world

LOMA PRIETA EARTHQUAKE

Referred to as the World Series Earthquake: struck dunng
the 3rd game of the World Series
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April 16, 2016 M7.8, Ecuador Earthquake

Now Imagine an earthquake 22 times bigger and

in a country with a GDP per capita 9 times smaller

That is what we will summarize in the next half hour !
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Map of Intensities according to EMS-98

Source: Escuela Politecnica Nacional
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USGS Shake Map

USGS ShakeMap : NEAR THE COAST OF ECUADOR
Apr 16, 2016 23:58:37 UTC M 7.8 N0.37 W79.94 Depth: 19.2km ID:us20005{32

-82°
Map Verslon 6 Processed 2016-04-17 13:32:45 UTC
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April 16, 2016 Ecuador Earthquake

 Magnitude M, 7.8
 Localtime 6:58pm

« 661 deaths

27,732 injured

« 30,000 displaced residents
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Seismicity of Ecuador

(Roberto)
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Seismicity in Ecuador

* Tectonic environments in Ecuador:
e Subduction
« Crustal earthquakes
* \olcanism

Ecuadorian-Colombian
Subduction Zone

Galapagos Caribean
spreading center ontinenta
=—= plate

. g

San Vicente

<25 Ma old Pacific (Fig. 2)
Cocos-Nazca | 2 ) R j -
crust plate —S\—— alapagos| e / Guayaquil-Caracas

— trench axis | Islands L e Mega-Fault
East (Y /
Pacific Rise & <A — A South
- P . ! American
ontinental

Farallon crust

"flat slab"

steep ESE dipping

steep NE dipping

Source: Gutscher et al. (1999)

Source: Dr. Theofilos Toulkeridis
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Seismicity in Ecuador

* Previous important
subduction earthquakes:

1906 Mw 8.8 Esmeraldas
(interface)

1942 Mw 7.8 Jama (interface)
1958 Mw 7.8 Esmeraldas
(interface)

1979 Mw 8.2 Colombia
(interface)

1998 Mw 7.2 Bahia (intra-plate)
2016 Mw 7.8 Muisne

(interface)
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Source: Modified from Collot et al. (2004)



Seismicity in Ecuador

« PSHA for Southernwest
Ecuador (Wong, 2011):

PGA (9)
10% in 50 yrs 2% in 50 yrs
(500 yrs) (2,500 yrs)
Manta 0.71/ 0.74 1.21/ 1.01
Salinas 0.72/ 0.75 1.23/1.10
Guayaquil 0.45 / 0.50 0.80 / 0.76
Machala 0.39/0.45 0.64 / 0.66

 High variability in source
characterization

Annual Frequency of Exceedance

—— - —— - - 50th Parcantila
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April 16, 2016 M7.8, Ecuador Earthquake

Recorded ground motions

(Roberto)
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Ground Motion Observations

. Courtesy of IG-EPN: s
Provided 90 records from 30 AR \ STl
stations for 3 components Locs ém ABZG . ]

+ Three networks (RENAC, it e

: (APS4

AMNIT; FCHi

OPC, IRD)
9 (APO1 (AES2 CAEAT

IG’_M'*"“* q@ < . ?NTMZ

Instituto Geofisico

ATV
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AMIL

« Ground motion processing
according to PEER standard
procedure (Ancheta et al., 2014)

« Largest recorded motion in
Pedernales (APED) EW
component: 1.4 ¢!




Ground Motion Observations

Acceleration time histories for the EW component
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Ground Motion Observations

Comparison to BCHydro Subduction GMPE

Spectral Acceleration (g)
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Ground Motion Observations

Comparison to Ecuadorian Construction Code (NEC-15)

Spectral Acceleration (g)
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Pedernales April 16, 2016 M7.8, Ecuador Earthquake

Source: https://lodijeron.files.wordpress.com/2011/07/pedernales-ac3a%rea.jpg
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Pedernales April 16, 2016 M7.8, Ecuador Earthquake

Heavy damage
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Source: http://newsok.com/gallery/6034202/pictures/4215524
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Pedernales April 16, 2016 M7.8, Ecuador Earthquake

Before

Google Maps
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Pedernales April 16, 2016 M7.8, Ecuador Earthquake

After
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Photo by E. Miranda
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Pedernales April 16, 2016 M7.8, Ecuador Earthquake

After

Photo by E. Miranda
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Photo by E. Miranda
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Soft story collapse
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OLUCION

John A . Blume Earthquake Engineering Research Center Photo by E. Miranda )



Pedernales April 16, 2016 M7.8, Ecuador Earthquake

Practically no sign of an earthquake

Photo by E. Miranda

John A . Blume Earthquake Engineering Research Center 30
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Photo by E. Miranda
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Pedernales April 16, 2016 M7.8, Ecuador Earthquake

ATC-20-like tagging

INSPECCIONADO

OCUPACION LEGALMENTE PERMITIDA

La estructura ha sido inspeccionada
(como se indica abajo) y no existe
aparentes dafnos estructurales o amenazas.

Fecha _(9- 09~
Hora 1z 4

Inspeccién Exterior (Precaucion: Las réplicas sismicas
[] Inspeccién Exterior e Interior pueden aumentar los dafos y riesgos)

Reportar cualquier condicion de inseguridad ~ Esta instalacion fue inspeccionada en
a la jurisdiccion local; puede ser requerida condiciones de emergencia por:

una re inspeccion. [z 3

Comentarios del |ns?ectpr:

|

e

Jurisdicciéon
Cl Inspector/ Agencia:

s
o

Nombre dF la Instalacion y Direccioén:
Ji\lo Ko dete o reca fZa e

: Prohibido Remover, Alterar o Cubrir esta Pancarta ‘
sin la debida autorizacién de las Autoridades Gubernamentales

Photo by E. Miranda

Occupancy allowed! Inspection date: 3 days after EQ.
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Infill wall behavior

Undeformed shape



Infill wall behavior

Deformed shape



Infill wall behavior

Deformed shape



Infill wall behavior

Deformed shape



Infill wall behavior

Deformed shape



Infill wall behavior
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Deformed shape



Pedernales

April 16, 2016 M7.8, Ecuador Earthquake

Out-of-plane failure

S0

|mamy

Luis Ceferino
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Pedernales April 16, 2016 M7.8, Ecuador Earthquake

Out-of-plane failure

Luis Ceferino
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April 16, 2016 M7.8, Ecuador Earthquake
Pedernales

Collapse of small hotel
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Photo by E. Miranda
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April 16, 2016 M7.8, Ecuador Earthquake
Pedernales

a Sy

School “Afc:huolpq” ,
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Photo by E. Miranda
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April 16, 2016 M7.8, Ecuador Earthquake
Pedernales

School “Atahualpa”. Side View

Photo by E. Miranda
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April 16, 2016 M7.8, Ecuador Earthquake
Pedernales

School “Atahualpa”. Side View

Photo by E. Miranda
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Pedernales

School “Atahualpa”

Photo by E. Miranda
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Pedernales

Photo by E. Miranda
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April 16, 2016 M7.8, Ecuador Earthquake
Pedernales

School “Atahualpa”. Side View

Photo by E. Miranda
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April 16, 2016 M7.8, Ecuador Earthquake
Pedernales

School “Atahualpa”

Photo by E. Miranda
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April 16, 2016 M7.8, Ecuador Earthquake
Pedernales

School “Atahualpa”. Interior view

Photo by E. Miranda
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April 16, 2016 M7.8, Ecuador Earthquake
Pedernales

School “Afahualpa”. Interior view
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Photo by E. Miranda
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Pedernales

Collapse mechanism

John A . Blume Earthquake Engineering Research Center al



April 16, 2016 M7.8, Ecuador Earthquake
Pedernales

Collapse mechanism
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Photo by E. Miranda
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April 16, 2016 M7.8, Ecuador Earthquake
Pedernales

Collapse mechanism
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April 16, 2016 M7.8, Ecuador Earthquake
Jama

School "Josefina Zambrano”
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April 16, 2016 M7.8, Ecuador Earthquake
Jama

School “Josefina Zambrano”. Partial collapse

Luis Ceferino
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April 16, 2016 M7.8, Ecuador Earthquake
Jama

Photo by E. Miranda
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April 16, 2016 M7.8, Ecuador Earthquake
Jama

Collapse of wooden house
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Photo by E. Miranda
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Bahia de Caraquez

Eduardo Miranda
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. = April 16, 2016 M7.8, Ecuador Earthquake
Bahia de Caraquez

Museum
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Eduardo Miranda
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Bahia de Caraquez

Museum

|

Eduardo Miranda
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Bahia de Caraquez

Museum

Eduardo Miranda
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Bahia de Caraquez

Museum

Eduardo Miranda
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- ’ April 16, 2016 M7.8, Ecuador Earthquake
Bahia de Caraquez

Fire Station
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Eduardo Miranda
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. = April 16, 2016 M7.8, Ecuador Earthquake
Bahia de Caraquez

Fire Station

Eduardo Miranda
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- ’ April 16, 2016 M7.8, Ecuador Earthquake
Bahia de Caraquez

Fire Station
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. , April 16, 2016 M7.8, Ecuador Earthquake
Bahia de Caraquez

Fire Station
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Bahia de Caraquez

Fire Station

Eduardo Miranda
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- ’ April 16, 2016 M7.8, Ecuador Earthquake
Bahia de Caraquez
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. > April 16, 2016 M7.8, Ecuador Earthquake
Bahia de Caraquez

Coupling Girder Failure

Eduardo Miranda Vitelmo Bertero

April 16, 2016

March 27, 1964
Ecuador

Alaska
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Bahia de Caraquez

Eduardo Miranda
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- ’ April 16, 2016 M7.8, Ecuador Earthquake
Bahia de Caraquez

Eduardo Miranda
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- ’ April 16, 2016 M7.8, Ecuador Earthquake
Bahia de Caraquez

Eduardo Miranda
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. ’ April 16, 2016 M7.8, Ecuador Earthquake
Bahia de Caraquez

Eduardo Miranda
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. , April 16, 2016 M7.8, Ecuador Earthquake
Bahia de Caraquez

Eduardo Miranda
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. ’ April 16, 2016 M7.8, Ecuador Earthquake
Bahia de Caraquez

Eduardo Miranda
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Bahia de Caraquez

Eduardo Miranda
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Bahia de Caraquez

Eduardo Miranda
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. . April 16, 2016 M7.8, Ecuador Earthquake
Portoviejo

Universidad Tecnica de Manabi

o a0
era -

- _ L I
L

. o A '.!5‘ “ i,| 1|“'}

L 1mT]

Eduardo Miranda
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. . April 16, 2016 M7.8, Ecuador Earthquake
Portoviejo

Universidad Tecnica de Manabi

Eduardo Miranda
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. . April 16, 2016 M7.8, Ecuador Earthquake
Portoviejo

Universidad Tecnica de Manabi

Andres Acosta Vera
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Portoviejo

Universidad Tecnica de Manabi
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Photo by E. Miranda
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. . April 16, 2016 M7.8, Ecuador Earthquake
Portoviejo
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Andres Acosta Vera
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. . April 16, 2016 M7.8, Ecuador Earthquake
Portoviejo

Eduardo Miranda
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. . April 16, 2016 M7.8, Ecuador Earthquake
Portoviejo

Universidad Tecnica de Manabi

Andres Acosta Vera
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. . April 16, 2016 M7.8, Ecuador Earthquake
Portoviejo

Downtown Portoviejo
Before After

A P-‘L(\Bl!‘.}?ﬂ[hrr».d

Source: Google Maps
Source: facebook.com
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. . April 16, 2016 M7.8, Ecuador Earthquake
Portoviejo

'

Eduardo Miranda
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Portoviejo

Eduardo Miranda
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. . April 16, 2016 M7.8, Ecuador Earthquake
Portoviejo

Eduardo Miranda
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. . April 16, 2016 M7.8, Ecuador Earthquake
Portoviejo

Eduardo Miranda
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Portoviejo

P

Photo by E. Miranda
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. . April 16, 2016 M7.8, Ecuador Earthquake
Portoviejo

Downtown Porfoviejo

Before After

Source: Google Maps
Source: facebook.com
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. . April 16, 2016 M7.8, Ecuador Earthquake
Portoviejo

Downtown Porfoviejo

/'/
- -
- o | = -
Z s }"
/ 4
3 ’ T o
L o : = -
> 2 o . y ¥
P 2 r ° G o -
B
N ~ - o “’f‘ < ¢
. A._ & & % -

Eduardo Miranda
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. . April 16, 2016 M7.8, Ecuador Earthquake
Portoviejo

Downtown Portfoviejo

Eduardo Miranda
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. . April 16, 2016 M7.8, Ecuador Earthquake
Portoviejo

Downtown Porfoviejo
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. . April 16, 2016 M7.8, Ecuador Earthquake
Portoviejo

Downtown Portoviejo

Al

Eduardo Miranda
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. . April 16, 2016 M7.8, Ecuador Earthquake
Portoviejo

Downtown Porfoviejo
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. . April 16, 2016 M7.8, Ecuador Earthquake
Portoviejo

Downtown Porfoviejo

Before After

Source: Google Maps
Source: facebook.com

John A . Blume Earthquake Engineering Research Center 100



Portoviejo

Downtown Portfoviejo

Before

Source: Google Maps

April 16, 2016 M7.8, Ecuador Earthquake
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. . April 16, 2016 M7.8, Ecuador Earthquake
Portoviejo

Downtown Porfoviejo

efor

Source: Google Maps
Andres Acosta Vera
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. . April 16, 2016 M7.8, Ecuador Earthquake
Portoviejo

Downtown Portoviejo

Eduardo Miranda
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. . April 16, 2016 M7.8, Ecuador Earthquake
Portoviejo

Downtown Portoviejo

Eduardo Miranda
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. . April 16, 2016 M7.8, Ecuador Earthquake
Portoviejo

Downtown Portfoviejo
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Eduardo Miranda
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April 16, 2016 M7.8, Ecuador Earthquake
Manta

IESS Hospital

i 3

Photo by E: Miranda
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April 16, 2016 M7.8, Ecuador Earthquake
Manta

IESS Hospital

Photo by E. Miranda
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April 16, 2016 M7.8, Ecuador Earthquake
Manta

IESS Hospital

Photo by E. Miranda
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April 16, 2016 M7.8, Ecuador Earthquake
Manta

IESS Hospital

Photo by E. Miranda
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April 16, 2016 M7.8, Ecuador Earthquake
Manta

IESS Hospital
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Photo by E. Miranda
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April 16, 2016 M7.8, Ecuador Earthquake
Manta

IESS Hospital

ey il
Photo by E. Miranda
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April 16, 2016 M7.8, Ecuador Earthquake
Manta

IESS Hospital

Photo by E. Miranda
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April 16, 2016 M7.8, Ecuador Earthquake
Manta

IESS Hospital

4

Photo by E. Miranda
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April 16, 2016 M7.8, Ecuador Earthquake
Manta

IESS Hospital

Photo by E. Miranda
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April 16, 2016 M7.8, Ecuador Earthquake
Manta

IESS Hospital Pediatrics

Photo by E. Miranda
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April 16, 2016 M7.8, Ecuador Earthquake
Manta

IESS Hospital Pediatrics

Photo by E. Miranda
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April 16, 2016 M7.8, Ecuador Earthquake
Manta

IESS Hospital
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Photo by E. Miranda
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April 16, 2016 M7.8, Ecuador Earthquake
Manta

IESS Hospital

Photo by E. Miranda
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April 16, 2016 M7.8, Ecuador Earthquake
Manta

IESS Hospital

Photo by E. Miranda
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April 16, 2016 M7.8, Ecuador Earthquake
Manta

IESS Hospital
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Photo by E. Miranda
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April 16, 2016 M7.8, Ecuador Earthquake
Manta

IESS Hospital
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April 16, 2016 M7.8, Ecuador Earthquake
Manta

IESS Hospital

Photo by E. Miranda
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Some brief final thoughts

* Earthquakes continue to teach us that near source ground motions can
be significantly more intense that what we often estimate.

e Although we have made great progress over the last 50 years, there are
many aspects that we cannot fully understand.

* Many structures did remarkably well considering that in some places
like Pedernales spectral ordinates exceeded the design spectral
ordinates by more than a factor of 3

* We need to remain humble and recognize that we must continue to
learn from earthquakes









