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NOTA A PARTICPANTES

* La presentacion es un archivo muy grande.
Como el material presentado esta relacionado
al informe final de la misiéon GEER se sugiere
bajar informe final en la siguiente direccion:

http://www.geerassociation.org/

* Si no puede bajar este informe de la direccion
arriba mencionada contactar a:
mpando@uncc.edu

EVENTOS EXTREMOS
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Natural Disaster: a trillion dollar business

I Worlds costliest natural disasters since 1965

2010 $bn
Insuredloss WM Economic loss
0 50 100 150 200 250
Earthquakeand tsuna,Japn (2011)* —  m o o
Vo ke, g 199 — 1 Irma + Harvey ~ 5200 billio
Horicae etia, Us (2005) E $149 billior Maria ~ $139 billion

Northridge earthquake, US (1994)
Sichuan earthquake, China (2008)

10:6] Florence - $17O bl”lon

Trpinia earthquake, Italy (1980)
Hurricane Andrew, US (1992)
Yangtze River floods, China (1998) 3.0
Great Floods, US (1993) [0.3]
Tangshan earthquake, China (1976)" [3.7]

Spitak earthquake, Armenia (1988)1

River floods, China (1096)
Drought, US (1988)
Kalimantan forest fires, Indonesia (1982-83)! [s3]
Hurricane Ike, US & Caribbean (2008) 03]
Niigata earthquake, Japan (2004)
Eastern floods, China (1991)

River Ao floods, Italy (1966)
Loma Prieta earthquake, LS {1989)
Friuli earthquake, Italy (1976)
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Escala Saffir-Simpson de Velocidades de Viento en Huracanes

Category Sustained Winds Types of Damage Due to Hurricane Winds
74-85 mph Very dangerous winds will produce some damage: Well-constructed frame hemes could have damage to roof,
1 64-52 kt shingles, vinyl siding and gutters. Large branches of trees will snap and shallowly rooted trees may be toppled
119-153 km/h Extensive damage to power lines and poles likely will result in power outages that could last a few to several days
96-110 mph Extremely dangerous winds will cause extensive damage: Well-constructed frame homes could sustain major roof
2 83-95 kt and siding damage. Many shallowly rooted trees will be snapped or uprooted and block numerous roads. Near-total
154-177 km/h power loss is expected with outages that could last from several days to weeks.
111-129 mph Devastating damage will occur: Well-built framed homes may incur major damage or removal of roof decking and
3
(major) 96-112 kt gable ends. Many trees will be snapped or uprooted, blocking numerous roads. Electricity and water will be unavailable
1 178-208 km/h for several days tc weeks after the storm passes
130-156 mph Catastrophic damage will occur: Well-built framed homes can sustain severe damage with loss of most of the roof
113-136 kr{‘ structure and/or some exterior walls. Most trees will be snapped or uprooted and power poles downed. Fallen trees and
(major) 209251 kmih power poles will isclate residential areas. Power outages will last weeks to possibly months. Most of the area will be
uninhabitable for weeks or months.
157 mph or higher Catastrophic damage will occur: A high percentage of framed homes will be destroyed, with total roof failure and wall
p g P ) gh p g iy
(major) 137 kt or higher collapse. Fallen trees and power poles will isolate residential areas. Power outages will last for weeks to possibly

252 km/h or higher  months. Maost of the area will be uninhabitable for weeks or months.
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Extreme Hurricanes: Wind speed

Wind speed at Land
Michael — 155 mph
Maria — 155 mph
Florence - 90 mph £%
Katrina — 120 mph =

Typical tropical storm: 39 to 74 mph o
Hurricane: > 74 mph \ ’/'.
Tornado wind speeds: 112 mph to 300 mph i1 c71

EPIC

(Photo Credit: Internet)
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Super typhoon Haiyan (Yolanda)

En Filipinas
Nov. 2013
Vel. Viento = 190 mph

(No se ha visto en EEUU)

(Photo Credit: Shenen Chen)
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Eventos Climaticos Extremos

Fuerzas Extraordinarias!

Distintas amenazas/peligros:
— Florence: Inundaciones,

— Michael: Vientos y fuerzas asociadas.

Multiple hazards:

— Marejada + inundaciones + viento + erosion + deslizamientos.

Dependera tipo de evento, region geografica, geologia,
uso del terreno, etc.

MISION NSF GEER
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National Science Foundation
GEER

e Geotechnical Extreme Events Reconnaissance
(GEER) Association “Turning Disaster into

Knowledge”

National ScienceFoundation

Geotechnical Extreme Events Reconnalssance
Turning Disaster into Knowlecige HOME ABOUT GEERv RECONNAISSANCE REPORTS ~  GEERACTIVITIES~  JOIN GEER CONTACT
Sponsored by the National Sdlence Foundation
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MISION FUNDACION NACIONAL DE CIENCIAS
NSF GEER MISSION

GEOTECHNICAL IMPACTS OF HURRICANE MARIA

IN PUERTO RICO

Event Date: September 20, 2017

by: Francisco Silva-Tulla (Leader), Miguel A. Pando (Co-Leader), Alejandro E. Soto, Alesandra
Morales, Daniel Pradel, Gokhan Inci, Inthuorn Sasanakul, Juan R. Bernal, Robert Kayen,
Stephen Hughes, Tiffany Adams, and Youngjin Park

Geotechnical Extreme Events Reconnaissance

Turning Disaster into Knowledge

Sponsored by the National Science Foundation

GEER Association Report No. GEER-057

June 29, 2018

LTS rast U Organization Expertise GEmD
Name  Name Role Base
Geotechnical
francisco | Siva-Tulla | Leader® | Consulting Civil Engineer | engineering, earth mA
structures
’ University of North Geotechnical
Mi AL Pando Co-Leader* L
el Lede™ | carolina (NC), Charlotte | engineering .
Tiffany Adams Member* | AECOM Gegtechhical, ©
engineering
Juan R. Bernal Vera | Member* | University of PR, Mayagiez | Ccotechnical PR
engineering
Luis Oscar | Garcia Member | GeoCim gcotehnical PR
engineering
carlos Garda | pember | Geocim Geotechnical PR
Echevarria engineering
Geology of PR,
Stephen | Hughes | Member® | University of PR, Mayagliez | unmanned aerial PR
vehicle (UAV)
Federal Emergency Civil engineer, FEMA
Gokhan | Inci Member* | Management Agency National Dam Safety wa“g[‘f‘“"'
Program
Geometry
Robert | Kayen Member® | USGS determination, UAV, A
LIDAR
Alesandra | Morales . Geotechnical
e ez Member University of PR, Mayaguez | o= T PR
Youngjin | Park Member* | University of NC, Charlotte | Ge0technical NC
engineering
Daniel Pradel Member* | The Ohio State University | Scotechnical oH
engineering
- Geotechnical
Inthuorn | Sasanakul | Member+ | University of south engineering, erosion sc
Carolina (SC)
and scour
Alex Soto Member* | GeoCim I(:eﬂlo :' PR, PR
s Puerto Rico Electric Power |
{05 Bermudez | Collaborator | Authority (PREPA), Dams | " uote Dam Safety PR
Miguel rity Official
and Irrigation
Ruben Estremera | Collaborator | P Dam safety PR
Jaime Lopez Collaborator | PRASA Dam Safety PR
Aurelio mf;f:" Collaborator | University of PR, Mayagilez | Oceanography PR

*Indicates report co-author

GEER Association Report No. GEER-057

NSF GEER Mission
10/31/17 — Guayabal Dam

Hurricane Maria GEE Team
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Reconnaissance daily tracks

Daily tracks
—— 201710/28
—— 201710/28 |
—— 2017/10/30

— 201710/31
= 2017111/01
— 2017111/02
= 2017/11/03
- 2017M1/04
—— 201711/05

UBICACION, DESCRIPCION
GENERAL DE PUERTO RICO
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Background (Location)
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Background (Puerto Rico)
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Background - Path of historical hurricanes that
have impacted Puerto Rico
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[Source: https:/fwww.usgs. ico-hurricanes-map] [USGS, 2018]

Severe Hurricanes (Seasonal Distribution,

No. of hurricanes

(Period 1508 to 1997)

35

34

June

July August Sept October

Note: Only hurricanes with wind speeds = 60mph
(Adapted from Boose et al. 2004)
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EL EVENTO (HURACAN MARIA).

Hurricane Maria (20 Sept./17)

Landfall SE town of Yabucoa as a powerful Category 4 storm at 6:15 am
Wednesday, 20 Sept. 2017.

Moved diagonally across the island with sustained winds of 155 mph
(~250 kph), exit near Arecibo about 3 pm, 20 Sept. 2017.
48-hr average rainfall intensity between 5.8 to 11.6 mm/hr.
Worst storm to hit PR in over 80 years.
Arrived only two weeks after Hurricane Irma that passed just north of the
island causing heavy rains throughout the island leaving about 1 million
residents without power.
Scale of Maria’s destruction was devastating:

— = $95 billion in damages (Moody’s Analytics, 28 Sept. 2018),

— Electricity was cut off to 100% of the island,

— Access to clean water and food became limited for most residents,

— Number of fatalities attributed to Hurricane Maria: 4,645 fatalities (Kishore
et al. 2018 in the New England Journal of Medicine).

5/31/2019
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Extended Path of Maria (9/16/17 to 10/02/17)
(Landfall in PR September 20, 2017)
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[USGS, 2018]

Paths of Hurricanes Irma and Maria
with respect to Puerto Rico

N

Legend
A Hurricane Maria (Sep. 20th, 2017)

== Hurricane Irma (Sep. 5th, 2017)

Maria: (adapted from Feng et al., 2018)

» Category 5 (Saffir-Simpson wind scale) before PR
» Landfall as Category 4 at Yabucoa at 6:15 am on 9/20/17.
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Images of Maria from Space

i

Landfall as Category 4
Yabucoa at 6:15 am, 9/20/17

Source: NASA

EJEMPLOS DE DANO OBSERVADO.

SE REFIERE AL PARTICIPANTE AL INFORME GEER

5/31/2019
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RESUMEN Y CONCLUSIONES.

Resumen y Conclusiones

Maria: Evento Extraordinario! Demanda de carga muy alta (Viento >140

mph (>224 kph); Lluvia; Erosidn).

Multiples Peligros/Amenazas:

— Marejada+ inundaciones+ viento+ erosién + deslizamientos.

Lluvia antecedente del Huracan Irma aumento vulnerabilidad!

— Lluvia de Irma saturo laderas, reduccion de resistencia al corte;

— facilité desprendimiento de arboles y vegetacion.

— Aumento efectos de deslizamientos, cantidad (frecuencia, distribucién
geografica).

— Aumento erosion superficial.

— Frente de saturacidon mas profundo, desprendimiento de arboles, facilito y
aumento cantidad de flujo de escombros,

— Dafio a torres de transmision, postes de electricidad, dafio red eléctrica.
Aguas debajo de deslizamientos:

— Los inmensos volumenes de escombros (suelo, lodo, arboles, escombros),
crearon obstruccidn de desagles, drenajes, alcantarillas, puentes. Esto
resulto en fallas de varios puentes, y colapso de varias carreteras.

5/31/2019
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Resumen y Conclusiones

Las fallas geotécnicas observadas en PR después del huracan
Maria resaltaron la importancia que las lluvias antecedente s
tienen en deslizamientos y flujo de detritos durante eventos
extremos como huracanes y tormentas (El Nifio/La Nifia).

Los efectos producidos por el Huracdn Maria en los efectos que
podemos esperar en topografia montafiosa con suelos
residuales en estado inicial no saturado (Cohesion aparente).

La comunidad ingenieril debe adaptar y mejorar practicas der
disefio y construccidn para aumentar la resiliencia de la
infraestructura y las “lifelines”.

Debemos mejorar nuestra habilidad para estimar volimenes de
flujo de detritos, velocidad, trayectorias, para poder incorporar
y diseflar medidas de mitigacidon (mejores torres de transmision,
postes eléctricos, cuencas de captacion de residuos/escombros,
etc.) para asi reducir efectos negativos en estos eventos
extremos.

MUCHAS GRACIAS POR SU ATENCION

Miguel Pando
mpando@uncc.edu
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