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Infrastructurein working conditionas
soon as possible selief supplies and
other assistance can be deliveré¢ol

the people of Puerto Rieo.

ElaineL. Chao

Secretaryof the United StatesDepartamentof Transportation

Source https://www.fhwa.dot.gov/pressroom/fhwal716.cfm
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but the damages that occurred would have
happened even If they had been in good
O2YRAUAZ2YD wXB 2SS K
hurricanes, bacto-back. We had never
SELJSNJ\S)/OSR 0KA&d 0S

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

Fuente: https://www.elnuevodia.com/
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Huracan Maria:
Estatus/retosenla
Infrastructurade
transportaciorde
Puerto Rico

Source: Naval Research Laboratory, NO
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Datospertinentesdel Huracan Mariagupasopor
Puerto Rico

Upon landfall (Sep. 20, 6:15 AM):
Pressure: 91mBar(27.08 in HQ)

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

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

- , | Officially documented deaths:
CATEGORY 5 HURRICANE \EARING PUERTO RICO, us WRGIV LD | @] 64 (January 1, 2018)

6:33 PM PT

O -

wogLo BE "BIG MISTA_KE _»_gMMANUEL MACRON TELLS CNN, "IF W AC360; Hurl’icane Mal’ia iS the MOoSt
Intense hurricane to landfall in

Source CNNNationalWeatherService

Puerto Rico since 1928



Puerto Rico
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Caribbean Sea Rico " .r
Source http://www.oceanvillaparadise.com Source http://welcome.topuertorico.org
Land area: Transportation
9,104 km (3,515 mf) Highway Network:26,860 km (16,694 mi)
Population (July 20178,337,177  Bridges:2,343 in total (2018)
_ _ Airports: 11 total, 5 directly adjacent to sea
CoaSt“ne:SOl km (311 m|) Seaports:j_z

SourcesUSCensufureau, ClAVorld Factbook Eng. Héctor Laureano (FHWA, March 90B8erto Ric#’ortsAuthority




Sistema d€arreteragie PuertdRicosegun
PlanCertificadgor PROMESA

. HTA is a public corporation founded with the purpose of continuing the government’s effort of providing the public with the best highways, easing the
flow of vehicles, and minimizing the risks and inconveniences that traffic congestions may cause.

. HTA is charged with constructing, operating, and maintaining Puerto Rico’s toll road network, major highways and mass transportation facilities,
which are financed by revenue bonds, federal grants and specified tax revenues.

. The Puerto Rico State Highway System consists of a total of 4,605 miles:

e 5 R i LOCAL CLASSIFICATION B & Sl

Breakdown by type of Road:

Toll Roads (incl. PR 22 & 5) - 185.6
miles

Primary Roads (incl. Urban) — 986
miles

Secondary & Tertiary Roads — 3,434
miles

Total = 4,605 Miles




Comparacionle métricasde comportamientade la red dearreteragde
Puerto Rico con IdsstadodJnidosantes depasodel Huracan Maria

Performance Metric

o Fatality Rate

Key Performance Indicators (KPIs)

Description

Metric Results

Ratio of total number of
fatalities to the number of
VMT (2015)

1.96

? - ———— 108 ——— 41892

PR us

—— 4052

% Pavement in Good

Pavement rating with an IRI

___________ 77% __ _ ‘ 95,

e Condition — Interstate Valug C_)f less than 95 or Good l:__—_— 11%_ - — 4 27%
condition (2014)
L) PR us
Pavement rating with an IRI 21%
% Pavement in Bad value greater than 170 or Bad o 30 22%
Condition - IS condition (2014) . 0%
PR uUs

% Pavement in Good
Condition - Non-IS

Pavement rating with an IRI
value of less than 95 or Good
condition (2014)

% Pavement in Bad
Condition - Non-IS

Pavement rating with an IRI
value greater than 170 or Bad
condition (2014)

Bridge Area Condition
(NHS)

% of total bridge deck area
classified as structurally
deficient (2016)

= National Safety Goal on
is to have a significant
reduction in the fatality
rate, while target is set
by state at 1.85 for
fatalities by 2018.

= National goal is to
maintain the highway
infrastructure asset
system in a state of good
repair.

= HTA will monitor

performance against
these key metrics, and
strive to make
improvements in road
and bridge conditions
and safety within its
budgetary constraints.

25%
0.45%




Condiciorde lalnfraestructurade Puerto Rico:
Antes delmpactodel Huracan Maa

BRIDGES PAVEMENTS
Inventory: 2,304 bridges (2015) Approximately 16,694 miles
National Highway System: 780 (26,860 km) of roads.
Deficient classification: 1,269 Inspected in 2014: 7,467.59 km of
Functionally obsolete: 968 National Highway System

Structurally deficient: 301 Pavement etwork rating:

Design life: 50 years 80.4% poor
33.1% (762) of bridges are 50 years or older 16.7% fair
12.5% (287) of bridges are 75 years or older 2.9 % good

Source Eng. Javier Arroyo, PRHIAPW, August 2015 SourcePavement and Bridge Condition, Puerto Rico NHS Network 2014
Eng.CandidoCamacho Ayala, ACT



Impact of Hurricane Maria on PRHTA
Operations and Finances

Anfrastructure DamageRoads, B S
bridges, were damaged in the = S— |
hurricane, and major projects were ‘ ‘
delayed due to the temporary
realignment of resources towards
recovery.HTA was unable to execute ===
Plann_e capital improvements, N
ocusing instead on emergency repairSEiis e
to bring infrastructure back online.

APublic Transit Damag&everal Tren
Urbano (TU) stations were damaged
by Maria, with limited service
returning in late December.




Laimportanciade lalnfraestructurade Transportacion
enel Desarrolidecondmicale Puerto Rico

Transportation infrastructure is a Value in 2016

key asset to the economy GDP in transportation and $085 million (1%)
Access to employment and services warehousing

High value manufacture exports

Net income in transportation $720 million (0.8%)

Consumer good imports Visitor expenditures $3,985million (3.8%)

: Federal fundindor
Tourism transportation government $234 million
Construction agencies and public corporatior
Government income related to Total value of exports $71,856million (68.4%)
transportation activities Total value of imports $43,320 million (41.2%
Economic competitiveness compone  Personal expenditure in $6,226 million (5.9%)

transportation

Source StatisticalAppendixof the Economidreportto the Governor2016



Estimadade Qostosde Reparaciorde Puerto Ricc
subdivididgor sectores

$94.392 billion
HOUSING $31.068
POWER GRID $17.789
HEALTH $14.946
OTHERS $30.589

COSTBILLIONS OF DOLLARS)

SECTOR
HIGHWAY AND BRIDGES l
SEAPORTS AND AIRPORTS l

RESTORATION OF PUBLIC BUILDINGS $0.153
DRAINAGE SYSTEMS | $1.409

Source: Office of the Governor



Estatugie laRestauraciorde
ServiciogEsencialede la Isla

C PREPA: 97.27% generation and C Service stations: 88%
95.93% of customers (April 20, 2018) (December 26, 2017)

C PRASA: 98.93% of customers, 1,216,1I5MBA Routes: 100%
active water meters (April 14, 2018) (January 24, 2018)

C Telecommunications: 99% of customers Tren Urbano: 14 out of 16 stations

(April 14, 2018) reopened (December 2017)
C Reopened seaports: 100% C Post Offices: 100%
(January 24, 2018) (January 24, 2018)

Source: http://status.pr/



SIX MONTHS AFTER MARIA &% FEmA

COMMODITIES HOUSING, PUBLIC ASSISTANCEAND SBA  NUMBERS OF FEDERAL CIVILIAN
RO EORRER M) S T UARYE SIS
m A TOTAL REGISTRATIONS
i A 1. 1 o INCLUDING PUERTO RICAN
? e @I TOTAL DOLLARS APPROVED empLovees 1,915
$1.15 suuon
POTABLEWATER  BOTILED WATER MEALS g DEPARTMENT OF DEFENSE 1,827

16.99 72.57 63.16 oo oosare $1.3 ms
MILLION GALLONS MILLION LITERS MILLION -‘; —— T
POWER-GENERATORS emMERGENCY PrOTECTIVE MEASURES $1.23 siLuon TEMPORARY ’.‘
1 SMALL BUSINESS ADMINISTRATION ROOFING
TOTAL LOANS APPROVED 32,839
: susiness 1,722 SELF :ELHP‘I‘ARPS
1,969 890 =#]"  HOMEOWNERS & RENTERS 31117

TOTAL GENERATORS INSTALLED TOTAL STILLIN USE 125,981

TOTAL DOLLARS APPROVED S 1.2 sition
U.S. ARMY CORPS OF ENGINEERS

DEBRIS CLEARED DISASTER UNEMPLOYMENT ASSISTANCE BLUE ROOFS INSTALLED
APPROVED
ﬂb R 6.47 @ 7,179 . 59,381
o o0 Ml M'ONCUBICYARDS ” AMOUNT DISBURSED
35.3 MILUON Numbers as of March 15

Source Mr. SonnyBeauchamp, FEMA (March 15, 2018)



Estatugie Restauraciodel Sistema de
Semaforosen Intersecciones

1,224 signalized intersections Evaluaran el jueves las intersecciones que
(Febru ary 27 2018) seran energizadas primero

La Autoridad de Energia Eléctrica y el Departamento de Transportacidn y Obras Poblicas comenzaron a intercambiar

100% of intersections sustained damagjmem,“, |

600 powered and operational

200 intersections remain with severe
damage.

424 repaired but not operational

Source: El Nuevo Dia



Efectodel Huracan Marian el Inventariode Puentes

Bridgelnventory. 2,343 (2017):
1,7720overwater bodies(75.6%), 571 over highwaysandother depression24.4%

Collapsedridges 26 (1.1%)
Collapsedridgeapproachegbridgeclosure) 31 (1.3%)
Otherdamages331 (14%)

Totalnumberof damagedoridges 388 (17%)
NationalHighwaySystenbridgeswith damage 42 (1.8%)
Averageyearof constructionof collapsedbridges 1968
(Averageage 50years)

Adapted from: IMPACT OF HURRICANE MARIA ON THE PR BRIDGE INVENTORY: HOW TO MOVE FORWARD

AND THE IMPORTANCE OF ASSET MANAGEMENT IN THE REBUILDING-BRE&HEIHEI2018)



Estimadale Deslizamientode Terrenosenla Isla
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A
ZUSGS Map showing concentration of landslides caused by Hurricane Maria, _.L
Puerto Rico
AQL aue | et w i DOR:L_ " Far P
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EstimatedNumber. 50,000 ez

Legal Municipalities

Landslide Density

[ Not Examined
0o & 10 20 Miles s
Souce - Besssita-Kiton, E K, Cos, JA. Godt, JW.. Keaa, LW Reangen, - Leas than 26 per Sqkm
Pt FX., Schute, WH., Baum, RL, keas, E S and Steley, DM 2017
0 5§ 1 20 Kilomaters Mag dats w of caused by H Maris in Pustto Rico
Date: 10/23/2017 U8, Geological Survey doa rednase. hitps:ido: 10 SOBEF 7 JDAVRF I +1cce then 25 per Sqkm

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




Deslizamientode tierra yderrumbes

OROCOVIS, PUERTO RICO COROZAL, PUERTO RICO
Source: UnivisioNoticias Source: Getty Images, UnivisiNoticias




Erosiore inundacionee€nla ZonaCostanera
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MAYAGUEZ, PUERTO RICO PR64 in MAYAGUEZ, PUERTO RICO
Source: Authors Source: Authors




Inundacioned&Jrbanas

GURABO, PUERTO RICO SAN JUAN, PUERTO RICO
Source: gfrmedia.com Source: Getty Images, UnivisiNoticias



Inundacionegor desbordamientosge los
cauceslerios

PR2 in YAUCO, PUERTO RICO GUAYAMA, PUERTO RICO
Source: Carlos Garcia Rawlings, REUTERS, Univision Source: Carlos Garcia Rawlings, REUTERS, Univision



Fallagle Accesos Puentes
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Source; www.miamiherald.com




Destrucciomotulacion mastilesy mobiliarioa laorillade lacarretera
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ParteZ:

Leccionesprendidagn
laresilienciadel sistema
detransportacioraraiz
del pasode desastres
naturalesextremos
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Puerto Rico Faces the IslaMile Challenge of Recoven
Lamdisiities Washeizout PavsEnents
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PostDisaster Recovery Activities Within the
Highway Network

Repalir and reconstruction of highway faclilities
Coastal erosion, landslides
Bridge erosion and wastuts

Repair of roadside appurtenances
Traffic signals and signs

Cleanup of rubble and debris
Delivery of disaster relief supplies
All of these activities affect traffic operations

Source play.mobicast.tv



Hazardous Conditions Requiring Temporary Traffic
Control (TTC) In a Péstirricane Setting

Source http://bahiia.com Source http: //WWW utuadohoycom | |

Inoperative traffic signal8, police and access management for traffic contro

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



Challenges Affecting Infrastructure Repair in the Face
Climate Change and Extreme Weather Events

(HALLENGES RECOVERACTIVITIES

Physical damage to highway network Reconstruction, repair and rehabilitation amid

Limited capacity to sustain deploymerﬁ shortage of resources

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

Generalized need for temporary traﬂ:iCassouated to essential goods and services

control for recovery activities Judicious application of temporary traffic

Obsolete designs that do not control and safety protocols

demonstrate resilience against naturaModernization and/or retrofit of infrastructure
disasters assets to increase resilience



Use of Resilient TTC Equipment

P B

& e

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

Source

T T———— http:/www.bethsbarricades.com=|@xiblebut-judicious use can save lives!



Maritime Terrestrial Zone Infrastructure

Rigorously enforce laws and |
regulations in maritime terrestrial zongga..
In the Caribbean

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

Analyze feasibility of applying hard @&
engineering, green engineering and/oM
planned relocation for protection of
critical assets

PR6 in MAYAGUEZ, PUERTO RICO
Source: El Nuevbia




Bridges with Scouring Potential

S " >

PR52 in JUANADIAZ| PUERTORICO Source:rENNuevoiDia

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.



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.

3
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Source: Authors (above), Panoramio.com (below)




Shotcrete for Stability of Road3|de 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 Iin the central :
mountain range as a potential
alternate costeffective design.

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
gueueing for essential services while
minimizing adverse congestion impacts.

Source: https://upload.wikimedia.org



Preventive Maintenance

Preventive maintenance of urban drainage systeg
IS essential to minimize the potential for flooding

AR YRR

Source: https://lwww.montgomerycountymd.gov

Source Authors



Redundancy in Strategic Corridors

Truck Volumes and Percent Trucks
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Source: Puerto Rico Highway and Transportation Authority (d : 1 y £

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

Careful planning of redundant routes should take into consideration both traffic volume
and freight, in order to facilitate both emergency response and recovery.



Lessons learnedraffic Signal Supports

The catenary design used in . e s
Intersections to mount traffic
signals needs to be revisited. |

Source: Getty
Images, Univision

The consideration of mast poles t
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.

Source: http://www.kdlt.com



