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¡BuenosDías! 

¡Felicidadesa los 
Ingenierosy 

Agrimensores!

¡Celebraciónde nuestro

OctogésimoAniversario! 



Χ 9ƴ solidaridadcon nuestragente, enparticular aquellosque 
sufrieronpérdidade viday familiares. #PRSeLevanta
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Source: https://www.telemundo51.com Source: http://www.laprensa.hn/



VisiónpanorámicaΧ
Infraestructurade carreterasy transportaciónde Puerto Rico 

20 de septiembrede 2017

Traffic Signals

Power Grid Reconstruction

Washed-out Pavements
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Debris clean-up

Landslides

Reconstruction of
Telecommunications

Coastal Erosion



άLǘ ƛǎ ŎǊƛǘƛŎŀƭ ǘƻ ƎŜǘ ǘƘŜ ƛǎƭŀƴŘΩǎ 
infrastructure in working condition as 
soon as possible so relief supplies and 
other assistance can be delivered to 
the people of Puerto Rico.έ
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ElaineL. Chao
Secretaryof the United StatesDepartamentof Transportation

Source: https://www.fhwa.dot.gov/pressroom/fhwa1716.cfm
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άhǳǊ ƘƛƎƘǿŀȅǎ ǿŜǊŜ ŀƭǊŜŀŘȅ ƛƴ ŀ ŘŜƭƛŎŀǘŜ ǎǘŀǘŜΣ 
but the damages that occurred would have 
happened even if they had been in good 
ŎƻƴŘƛǘƛƻƴΦ ώΧϐ ²Ŝ ƘŀŘ ǘǿƻ ŎŀǘŜƎƻǊȅ р 
hurricanes, back-to-back. We had never 
ŜȄǇŜǊƛŜƴŎŜŘ ǘƘƛǎ ōŜŦƻǊŜ ƛƴ tǳŜǊǘƻ wƛŎƻΦέ

Eng. Carlos M. Contreras Aponte
Secretary of the Puerto Rico
Department of Transportation and Public Works

Fuente: https://www.elnuevodia.com/



Contenidode la presentación/Agenda

PARTE1: Huracán María: Estatusy retosen la infrastructurade transportaciónde 
Puerto Rico

PARTE2: Leccionesaprendidasen la resilienciadel sistemade 
transportacióna raízdel pasode desastresnaturales extremos

PARTE3:  La ACT y el Plan Fiscal Certificado por PROMESA:2018-2023
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Contenidode la presentación/Agenda

PARTE4: Innovación/ Resilienciade Infraestructurade Transportepara desastresnaturales y 
eventosextremosclimatológicos

PARTE5: Iniciativasdel programafederal CadaDía Cuenta(EDC)  
relacionadasa Resilienciay cambioclimático

PARTE6:  Propuesta del /L!twΩ{ ǇŀǊŀ Ŝƭ Desarrollode Puerto Rico   
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Parte1

Huracán María: 
Estatusy retosenla 

infrastructurade 
transportaciónde 

Puerto Rico

Source: Naval Research Laboratory, NOAA
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Upon landfall (Sep. 20, 6:15 AM):
Pressure: 917 mBar(27.08 in Hg)

1-Minute sustained winds:
155 mph (250 km/h, Category 4)

Hurricane strength winds reach 60 
miles (100 km) from center

Officially documented deaths:
64 (January 1, 2018)

Hurricane Maria is the most 
intense hurricane to landfall in 
Puerto Rico since 1928

10

Datospertinentesdel Huracán María y supasopor 
Puerto Rico

Source: CNN, NationalWeatherService



Land area:
9,104 km2 (3,515 mi2)

Population (July 2017): 3,337,177

Coastline:501 km (311 mi)

Transportation
Highway Network: 26,860 km (16,694 mi)
Bridges: 2,343 in total (2018)
Airports: 11 total, 5 directly adjacent to sea
Seaports: 12
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Puerto Rico

Sources: US CensusBureau, CIA WorldFactbook, Eng. Héctor Laureano (FHWA, March 2018), Puerto Rico PortsAuthority

Source: http://www.oceanvillaparadise.com Source: http://welcome.topuertorico.org



Sistema de Carreterasde Puerto Rico según
Plan Certificadopor PROMESA

SOURCE: http://www.dtop.gov.pr/historia.asp



Comparaciónde métricasde comportamientode la red de carreterasde 
Puerto Rico con los EstadosUnidosantes del pasodel Huracán María: 

Key Performance Indicators (KPIs)



BRIDGES

Inventory: 2,304 bridges (2015)
National Highway System: 780

Deficient classification: 1,269

Functionally obsolete: 968

Structurally deficient: 301

Design life: 50 years
33.1% (762) of bridges are 50 years or older

12.5% (287) of bridges are 75 years or older

PAVEMENTS

Approximately 16,694 miles
(26,860 km) of roads.

Inspected in 2014: 7,467.59 km of 
National Highway System

Pavement network rating:
80.4% poor

16.7% fair

2.9 %  good
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Condiciónde la Infraestructurade Puerto Rico:
Antes del Impactodel Huracán María

Source: Pavement and Bridge Condition, Puerto Rico NHS Network 2014
Eng. CándidoCamacho Ayala, ACT

Source: Eng. Javier Arroyo, PRHTA-DTPW, August 2015



ÁInfrastructure Damage: Roads, 
bridges, were damaged in  the 
hurricane, and major projects were 
delayed due to the  temporary 
realignment of resources towards 
recovery.HTA  was unable to execute 
planned capital improvements,  
focusing instead on emergency repairs 
to bring  infrastructure back online.

ÁPublic Transit Damage: Several Tren 
Urbano (TU)  stations were damaged 
by Maria, with limited service  
returning in late December.

Impact of Hurricane María on PRHTA 
Operations and Finances



La importanciade la Infraestructurade Transportación
enel DesarrolloEconómicode Puerto Rico 
Transportation infrastructure is a 
key asset to the economy

Access to employment and services

High value manufacture exports

Consumer good imports

Tourism

Construction

Government income related to 
transportation activities

Economic competitiveness component

Item Value in 2016

GDP in transportation and 
warehousing

$985 million (1%)

Net income in transportation $720 million (0.8%)

Visitor expenditures $3,985million (3.8%)

Federal fundingfor
transportation government 

agencies and public corporations
$234 million

Total value of exports $71,856million (68.4%)

Total value of imports $43,320 million  (41.2%)

Personal expenditure in 
transportation

$6,226 million (5.9%)
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Source: StatisticalAppendixof the EconomicReportto the Governor2016



Estimadode Costosde Reparaciónde Puerto Rico 
subdivididopor sectores

SECTOR COST(BILLIONS OF DOLLARS)

HOUSING $31.068

POWER GRID $17.789

HEALTH $14.946

OTHERS $30.589

$94.392 billion 

SECTOR COST(BILLIONS OF DOLLARS)

HIGHWAY AND BRIDGES $4.497

SEAPORTS AND AIRPORTS $1.345

RESTORATION OF PUBLIC BUILDINGS $0.153

DRAINAGE SYSTEMS $1.409

Source: Office of the Governor
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ÇPREPA: 97.27% generation and
95.93% of customers (April 20, 2018)

ÇPRASA: 98.93% of customers, 1,216,159 
active water meters (April 14, 2018)

ÇTelecommunications: 99% of customers 
(April 14, 2018)

ÇReopened seaports: 100%
(January 24, 2018)

ÇService stations: 88%
(December 26, 2017)

ÇMBA Routes: 100%
(January 24, 2018)

ÇTren Urbano: 14 out of 16 stations 
reopened (December 2017)

ÇPost Offices: 100%
(January 24, 2018)
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Estatusde la Restauraciónde 
ServiciosEsencialesde la Isla

Source: http://status.pr/



Source: Mr. SonnyBeauchamp, FEMA (March 15, 2018)
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Estatusde Restauracióndel Sistema de 
SemáforosenIntersecciones

Ç1,224 signalized intersections 
(February 27, 2018)

Ç100% of intersections sustained damage

Ç600 powered and operational

Ç200 intersections remain with severe 
damage.

Ç424 repaired but not operational 

Thursday, March 1, 2018

Source: El Nuevo Día
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üBridgeInventory: 2,343(2017):

ü1,772overwater bodies(75.6%), 571overhighwaysandother depressions(24.4%)

üCollapsedbridges: ________

üCollapsedbridgeapproaches(bridgeclosure): ________

üOtherdamages: _________

üTotalnumberof damagedbridges: _________

NationalHighwaySystembridgeswith damage: ________

üAverageyearof constructionof collapsedbridges: _____

ü(Averageage: 50years)

Efectodel Huracán María enel Inventariode Puentes 

26 (1.1%)

31 (1.3%)

331 (14%)

1968

388 (17%)
42 (1.8%)

Adapted from: IMPACT OF HURRICANE MARIA ON THE PR BRIDGE INVENTORY: HOW TO MOVE FORWARD
AND THE IMPORTANCE OF ASSET MANAGEMENT IN THE REBUILDING PROCESS (H. Laureano, MVC 2018) 21



Estimadode Deslizamientosde Terrenosenla Isla 

22Fuente: https://landslides.usgs.gov/

EstimatedNumber: 50,000



Deslizamientosde tierra y derrumbes
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OROCOVIS, PUERTO RICO
Source: Univision Noticias

COROZAL, PUERTO RICO
Source: Getty Images, Univision Noticias



Erosióne inundacionesenla Zona Costanera

MAYAGÜEZ, PUERTO RICO
Source: Authors

PR-64 in MAYAGÜEZ, PUERTO RICO
Source: Authors
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InundacionesUrbanas

GURABO, PUERTO RICO
Source: gfrmedia.com

SAN JUAN, PUERTO RICO
Source: Getty Images, Univision Noticias
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Inundacionespor desbordamientosde los 
caucesde ríos
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PR-2 in YAUCO, PUERTO RICO
Source: Carlos García Rawlings, REUTERS, Univision

GUAYAMA, PUERTO RICO
Source: Carlos García Rawlings, REUTERS, Univision



Fallasde Accesosa Puentes 
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PR-52 in JUANA DÍAZ, PUERTO RICO
Source: El Nuevo Día

PR-957 in CANÓVANAS, PUERTO RICO
Source: www.miamiherald.com

PR-2 in TOA ALTA, PUERTO RICO
Source: VoxNews

PR-6632 in CIALES, PUERTO RICO
Source: CBS News



Destrucciónrotulación, mastilesy mobiliarioa la orillade la carretera
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PR-3 in LUQUILLO, PUERTO RICO
Source: Getty Images, Univision

YABUCOA, PUERTO RICO
Source: Carlos García Rawlings, REUTERS

TOA BAJA, PUERTO RICO
Source: www.wapa.tv

BAYAMÓN, PUERTO RICO
Source: Authors



Logísticade la cadenade suministro, combustible, cajeroautomático

Line at Service Station, COROZAL Source: El Nuevo Día

Cashing line at ATM, SAN JUAN      Source: El Nuevo Día
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National Guard delivers relief 
supplies, SALINAS
Source: DiarioLibre



Parte2:

Leccionesaprendidasen
la resilienciadel sistema
de transportacióna raíz
del pasode desastres
naturales extremos

Source: http://www.primerahora.com
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Puerto Rico Faces the Island-Wide Challenge of Recovery

Traffic Signals

Power Grid Reconstruction

Washed-out Pavements
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Debris clean-up

Landslides

Reconstruction of
Telecommunications

Coastal Erosion



Repair and reconstruction of highway facilities
Coastal erosion, landslides

Bridge erosion and wash-outs

Repair of roadside appurtenances
Traffic signals and signs

Utilities (power, water, telecommunications)

Clean-up of rubble and debris

Delivery of disaster relief supplies

All of these activities affect traffic operations

Post-Disaster Recovery Activities Within the 
Highway Network
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Source: play.mobicast.tv



Inoperative traffic signals Ą police and access management for traffic control

Bridge failures, landslides and debris obstruct or destroy highway segments
Barriers, channelizing devices and signage to block/restrict passage are essential

Hazardous Conditions Requiring Temporary Traffic 
Control (TTC) In a Post-Hurricane Setting 

Source: http://bahiia.com Source: http://www.utuadohoy.com
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Challenges Affecting Infrastructure Repair in the Face of 
Climate Change and Extreme Weather Events

CHALLENGES

Physical damage to highway network

Limited capacity to sustain deployment 
of essential goods and services

Generalized need for temporary traffic 
control for recovery activities

Obsolete designs that do not 
demonstrate resilience against natural 
disasters

RECOVERYACTIVITIES

Reconstruction, repair and rehabilitation amid 
a shortage of resources

Logistical support to public and private entities 
associated to essential goods and services

Judicious application of temporary traffic 
control and safety protocols

Modernization and/or retrofit of infrastructure 
assets to increase resilience
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Solar-powered ITS equipment

Retroreflective elements

Provisional intersection control systems

Benefits
Minimize dependency on external energy 
supply
Reduce exposure of traffic control staff
Ensures nighttime availability, especially 
when power outages occur

Flexible-but-judicious use can save lives!
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Use of Resilient TTC Equipment

Source: http://www.roadsafetraffic.com

Source: https://www.3m.com

Source: 
http://www.bethsbarricades.com



Maritime Terrestrial Zone Infrastructure

Rigorously enforce laws and 
regulations in maritime terrestrial zone 
in the Caribbean

Revise standard drawings of bridge 
and pavement infrastructure adjacent 
to coastal areas

Analyze feasibility of applying hard 
engineering, green engineering and/or 
planned relocation for protection of 
critical assets
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PR-64 in MAYAGÜEZ, PUERTO RICO
Source: El Nuevo Día



Bridges with Scouring Potential

The design of bridge abutments requires further review where high speed and 
turbulent flow are expected in their design life and potential scouring may occur.
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PR-52 in JUANA DÍAZ, PUERTO RICO Source: El Nuevo Día



Benching for Stability of Roadside Slopes
Standard Drawings of PRHTA 
associated with the cut slope 
sections with clay soils and/or 
unstable soil rock formation 
needs to be revisited.

Use of benching in cut sections 
with the appropriate slopes 
needs to be incorporated in 
future designs.
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Source: Authors (above), Panoramio.com (below)



Shotcrete for Stability of Roadside Slopes
Mesh to contain rock falls in areas 
where recurrent falls occurred, 
needs to be revaluated.

Shotcrete in cut sections in 
highways can be further evaluated 
to be implemented in the central 
mountain range as a potential 
alternate cost-effective design.
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Source: http://bestsupportunderground.com



Benefits of Shoulders
Shoulders in major highway corridors 
with cut section in mountains with 
moderate height (less than 800 feet) 
minimizes the impact of mud and rock 
slides, thus allowing roadway 
reconfiguration with at least one lane 
open to traffic on both directions.

Shoulders can also accommodate 
queueing for essential services while 
minimizing adverse congestion impacts.
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Source: https://upload.wikimedia.org



Preventive Maintenance
Preventive maintenance of urban drainage systems 
is essential to minimize the potential for flooding.
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Source: https://www.montgomerycountymd.govSource: Authors



Redundancy in Strategic Corridors

The importance of strategic redundancy of principal highway transportation corridors was 
evident for the mobility of people and goods during the emergency post hurricane María.

Careful planning of redundant routes should take into consideration both traffic volumes 
and freight, in order to facilitate both emergency response and recovery.
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Source: Puerto Rico Highway and Transportation Authority

Truck Volumes and Percent Trucks



Lessons learned:  Traffic Signal Supports
The catenary design used in 
intersections to mount traffic 
signals needs to be revisited.

The consideration of mast poles to 
replace catenary designs is 
pertinent in category 3 and above 
hurricane alley such as Greater 
Antilles that include Puerto Rico.

Review design codes for mast poles 
in the state of Florida, USA after the 
pass of hurricane Andrew in 1991.
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Source: Getty 
Images, Univision

Source: http://www.kdlt.com


