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Education for Improving Resiliency of Coastal Infrastructure:
Multi-hazard Capacity Building to Mitigate Risks in Vulnerable Communities in Puerto Rico 

(CRC- Year 1-6)
Ismael Pagán Trinidad-PI, Professor and Director; Carla López del Puerto, Co-PI, Professor, Raúl 

E. Zapata López, Co-PI, Professor and Associate Director 

Department of Civil Engineering and Surveying, University of Puerto Rico at Mayagüez

Students (Program, Area) and Posters
Juan Rodríguez (PhD Candidate, Structures); Yesenia Franqui (ME, Contruction), Alexander Molano (MS, Transportation), 
Ivelisse Ramos (PhD candidate, Transportation); Neslon Cordero (ME, Environmental); Undergraduates Course Team (Ian 

Feliciano, Brandon Soldevila, Daleen Torres, Marilyn Torres, Gerardo Trossi); Jorge Romeu (MS, Structures)

Additional Material: Faculty Project Videos; Webinar Videos; Activity List; CRC Presentations; more
HSOAC-RAND (Ismael Pagán-Trinidad, Carla Lopez del Puerto, Ricardo López,, Francisco Maldonado, Alberto Figueroa, Raúl 
Zapata-López, José Guevara, José Cedeño, Ivelisse Ramos); Resilient Design Course (Ali Saffar); USARMY ERDC- SOUTHERN 
COMMAND Resilient Design; EPA Radon Sampling in PR; Transportation T2 Center (Benjamín Colucci); More



CRC 6th  Annual Meeting 
April 21-22, 2021

The University of North Carolina at Chapel Hill

Project’s Timeline vs. Recent Extreme Events in Puerto Rico (Costs = $139B)
Extreme Drought (2014-2016)
• Third driest period in Puerto Rico
• Extreme agricultural impact  and water 
supply scarcity 

Hurricane Irma-Sept. 6, 2017
• FEMA-DR-4339-PR)
• Category 5, affected the north of the Island
• Prepared vulnerable flooding and 

landslide conditions for Hurricane Maria

Hurricane María (September 20, 2017) FEMA-
DR-4339-PR (near $100 B damages)
•Worst natural disaster in Puerto Rico’s history
• Approx. 3000 deaths, floods, 70K landslides, total 
shut down and chaos

Earthquake Sequence (December 2019-date)
• FEMA-DR-4473-PR   ($41 M and counting)
• 10 earthquakes with M-5 or higher (3 week)
•Heavy  Infrastructure in damages, people still stressful, 
shaking continues

Tropical Storm Isaias - July 29-31, 2020
• FEMA-DR-4560-PR ($10 M and counting)
• Extreme wind gusts and heavy rainfall.
• Torrential rainfall, floods, and landslides.

Pandemic (January 2020 – date) 
• FEMA-DR-4493-PR
• Total lock down
• Extreme impact on the economy and the community

Sahara Dust Cloud-2020
• Worst  event in 50 years
• Extreme high temperatures 
• Asma and respiratory diseases 

Floods (2019 and 2020) 
• FEMA-EM-3417-PR (August 26, 2019) TS Dorian
• FEMA-EM-3537-PR (August 21-23, 2020 ) TS Laura
• FEMA-DR-4571-PR (September 13, 2020) 

Storm/Flood ( $3.2 M initial estimate)



HSE Educational Gap
Resiliency of Coastal Infrastructure (RCI) 

Goal
Help educate the 
community by 
transferring state 
of education and 
practice 
knowledge and 
experiences to 
stakeholders 

Target Stake 
Holders
Students, faculty, 
professionals, first 
responders, work 
force (FEMA, 
municipalities, 
government, 
community)  

Motivation
Engage 
stakeholders in 
advancing state of 
knowledge in 
coastal resilient 
infrastructure 

Formal 
Education
New Courses, 
internships,
projects
(MS theses, 
undergraduate 
research, special 
professional 
projects) 

Informal 
Education
Conferences, 
workshops, 
seminars, lectures,
short courses,
“Conversatories”,
Webinars

Help develop 
Education 
Culture in 
Resilient 
Coastal 
Infrastructure
(RCI)

3

Provide Education Engage Stakeholders Attract Work Force

Project Description and Summary

https://www.google.com/earth/

https://www.google.com/earth/


CRC 6th  Annual Meeting 
April 21-22, 2021

The University of North Carolina at Chapel Hill

Major Outcomes and Impacts

Formal 
Education

• Courses and curriculum 
(capstone course, graduate 
research, undergraduate 
research, special projects)

• Faculty involvement
• Educational resources
• Faculty engagement, expertise 

advise, and community 
service

Informal 
Education

• Webpage (job opportunities, 
presentations, videos, webinars, etc.) 

• Conferences
• Workshops
• Seminars
• Lectures
• Short courses,
• “Conversatories”
• Webinars

Networking
Leverage

• Partnerships
• Internal 
• External

• Sponsorships
• Proposals
• Community Service
• Media/Webpage
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Informal 
Education

• Webpage (job opportunities, 
presentations, videos, webinars, etc.) 

• Conferences
• Workshops
• Seminars
• Lectures
• Short courses,
• “Conversatories”
• Webinars
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UPRM-DHS CRC
https://www.uprm.edu/inci/crc/



Number of participants:  2,482
Total contact hours of participation: 10,861 
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Participation Certificates: 3,605 Conferences and Workshop:  55
Contact Hours Offered:  206 Instructor Recognitions: 116
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Community, private sector, government and academic participation distribution
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The University of North Carolina at Chapel Hill

10 UPRM STUDENTS AT SUMREX INTERNSHIPS (OSU, LSU, UCF)

14CRC 6th Annual Meeting 
April 21-22, 2021

Second Prize Winners 
Creative Open 

Capstone
UPRM, Dec. 2018 

Jorge 
Santiago

Bryan 
Acevedo

No. Name Universi
ty

Status

1 Diego Delgado OSU BSCE, MS- Coastal Engng.(Holland)

2 Kevin Cueto OSU BSCE,MS- Structural Engng.

3 Felix Santiago UCF/LSU BSCE, PhD Cand. LSU (Coastal)

4 Diego Delgado UCF/LSU BSCE, MS- Coastal Engng.(Holland)

5 Héctor Colón UCF/LSU BSCE – Professional Practice PR

6 Peter Rivera OSU BSCE, MS (Coastal Engng-UPRM

7 Bryan Acevedo OSU BSCE, Professional Practice USA

8 Jorge Santiago OSU BSCE, PhD Student LSU???

9 Ihan-Jareck
Acevedo

OSU BSEC, MS Students (Coastal) 
UPRM

10 Robert Lewis OSU BSCE, Professional Practice
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Formal Education

• Courses and curriculum (capstone course, 
graduate research, undergraduate 
research, special projects)

• Faculty involvement
• Educational resources
• Faculty engagement, expertise advise, 

and community service



INCI 5996 Special Problems - Managing Riverine and 
Coastal Floods for Resilient Communities

• Course mission: Improve the social, infrastructural, economical and the 
natural environment’s resilience towards natural disasters (such as flash 
floods, hurricanes and any other abrupt change in weather) within 
coastal zones by conducting research and educating the community. It 
will gather more information alongside the Department of Homeland 
security (DHS) Coastal Hazards Center of Excellence. 

• Topics presented include:

• Selected study area: Guanajibo River Floodplain at the Mayaguez Bay 
Coast (1975 TS Eloisa causes the second largest flood ever observed at 
the area. FEMA, NOAA and PRPB has identified as hazard area with 10 
possible water related hazard conditions. The urban infrastructure, 
commerce, environmental sensitive areas and one protected are at risk. 

https://gis.fema.gov/PuertoRicoABFEs/

https://www.coast.noaa.gov/floodexposure/#-7475438,2061944,15z/eyJiIjoiaW1hZ2VyeSJ9

o Introduction and Overview
o Complex Project Management Fundamentals
o Riverine and Coastal Floods Multihazards
o Risk and Vulnerability data assessment and evaluation
o Basin and Urban Drainage Systems and Infrastructure
o Field Trip Experiences
o Flood Control Alternatives: Structural and Non- structural 
o Nature based Approaches Low Impact Development and Green 

Flood Control Infrastructure 
o Final Project Report and Presentation
o Independent Project Team Works

https://gis.fema.gov/PuertoRicoABFEs/
https://www.coast.noaa.gov/floodexposure/
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5 Dimensional Project Management 
for Coastal Communities - Dr. Carla López del Puerto

These modules has been designed 
to give participants the tools 
needed to manage complex projects 
effectively, particular emphasis is 
given to managing complex projects 
in coastal communities. The 
modules provide an overview of a 5-
dimensional project management 
model (5DPM) and discussions, 
team exercises and case studies of 
actual complex projects.

Educational Objectives

Repairs and Refurbishing of The 
Guajataca Dam following 
Hurricane Maria: A Case Study
(Proceeding LACCEI conference)

Source: 6th Infantry Division photo by SSG Mark Scovell

Source: Luis Suárez

Complexity Mapping for Resilient and 
Sustainable Infrastructure:  The Doppler 
Radar in Puerto Rico Case Study
(Proceeding ASCE conference)



INCI4138 Water Resources Engineering
• Three class periods have been developed to present the concept of water related single and multi-

hazards from natures events. The risk and vulnerability of the infrastructure based on its location 
and exposure to natural hazards is used to bring consciousness of the needs for good planning 
schemes and provide hazard mitigation to these events.

• Class project: Study the risk and vulnerability of a relevant infrastructure facility exposed to 
natural hazards, then propose mitigation activities. Selected project is the Regional Sanitary Water 
Pumping System at Mayaguez located next to the beach and the Quebrada de Oro outlet. FEMA, 
and local government agencies web pages shows this location with seven (7) water related 
possible hazards. Earthquake is another hazard to this facility.

https://hazards-fema.maps.arcgis.com/apps/webappviewer/ https://www.coast.noaa.gov/floodexposure/#-7475438,2061944,15z/eyJiIjoiaW1hZ2VyeSJ9

https://hazards-fema.maps.arcgis.com/apps/webappviewer/
https://www.coast.noaa.gov/floodexposure/


Incorporate  Coastal Resilient Design 

Design a model 
coastal urban 

cluster

Found a design 
professional 

company

Develop a 
Feasibility 

Study

Conceptual 
Design 

Preliminary 
Design Final Design

Location
Mayagüez Bay Area

Resources
Ten students/company

Five Professors
Five Graduate Students

Feasibility & 
Sustainability

Legal, Political, Social, 
Cultural, Environmental, 

Technical, Economical

Components
Site Development,  

Environmental , 
Transportation,  

Water/Waste Water , 
Geotechnical , 

Structural/Architectural 

Regular Courses (INCI 4950):The Senior CE Capstone Experience
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FEMA Flood Map

Sea Water Rise Map Storm Surge Map

CAPSTONE DESIGN PROJECT
Site: El Seco Community - Spring Semester
Participants: 31 Students, 5 Faculties, 2 Grad Students
Purpose: Mixed Use Project (Commercial, Offices , Housing)
Hazards: Coastal and riverine floods, wind, earthquake, soil instabilities
Objective: Flood Relocation Project (adjacent to the neighborhood)

Relocation Capstone Project

CRC 4th Annual Meeting 
March 21-22, 2021
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3D view of overall alternative 3 project site -
Conceptual Plan-El Seco Community

New Site Layout- El Seco

Conceptual Design
Retreated and Elevated Structures

CRC 4th Annual Meeting 
March 21-22, 2021

Buyout – Relocation Project
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INCI 5996 - Regular Courses –Rehabilitation 

CRC 4th Annual Meeting 
March 27-28, 2019



Proposed New Course: Nature’s Multi Hazards and Man-Actions for 
Sustainable and Resilient Infrastructure

• Nature’s Behavior
• Nature is needed for life as we know it.
• Nature is our responsibility 
• Nature is continuously evolving 
• We can not eliminate hazards but 

mitigate hazards

• Natural Hazards
• Natural Hazards to whom (mankind, 

nature itself, . . .)
• Types of Risk Hazards 
• Common relationships among the 

natural hazards: Hurricanes (wind, storm 
surge, heavy rainfall, flooding, debris, 
erosion, deposition, landslides, … )

• Environmental issues (concerns and 
precautions before, during and after) are 
priority to keep us a life

• Resilient and Sustainable Response 
• Infrastructure priorities 
• Complexity matrix of the analysis and recovery issues
• Assessment studies
• Planning and action plans 
• Mitigation alternatives for given single hazard
• Mitigation issues for multi hazard events
• Community awareness 

• Coastal Zone Multi Hazards
• Possible multi hazards of this zone
• Frequency of riverine and coastal flooding effects
• Hurricanes producing higher storm surge, tidal effects, 
• Earthquakes generating Tsunamis, liquefaction, subsidence or 

uplift
• Data collection needed
• Available action plans for single events and for multi hazard 

events
• Regulations (current ones and the ones to be improved)
• Resources available (materials, working labors, 
• Economic resources to sponsor mitigation activities
• Mitigation activities
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Resilient Design of Coastal Structure-Dr. Alí Saffar
(showcase video)

• Defining uncertainty 
• Centrality of state variables 
• Risk of extreme events 
• Decision tree analysis 
• Basic fault  t ree analysis 
• Extreme events in fault  t ree analysis  

• Elements of c lassical re liability theory 
• Performance-based analysis 
• Limit  state funct ions 
• Hasofer and Fiessler t ransformation 
• Level-I I  re liability analysis 
• Target  reliabilit ies 
• Extraordinary and low  frequency loading 
• Measuring Resiliency 

Coastal Resilient
Structures

(CR Modules)

CR1 Module:
Review of Probability

Theory
(0.75 credit)

CR2 Module:
Reliability-Based

Design
(0.75 credit)

CR3 Module:
Sensitivity Analysis

(0.75 credit)

CR4 Module:
Fragility Analysis

(0.75 credit)

• Nature-based hazard mit igat ion features 
• Levees 
• Storm surge barriers 
• Seaw alls and revetments 
• Exist ing Fragility curves for extreme events 
• Classifying coastal structures by vulnerability 
• Predict ing damage states 
• Developing fragility curves for coastal structures 

The problem is viewed primarily from a designer's 
perspective.

Coastal hazard frequency maps are examined and 
utilized to assign event scenarios and the 
associated combinations of loads.  

These include: existing flood and tsunami maps, 
surge maps of the type being developed by the US 
Army Corps of Engineers.

Test cases are taught using level II reliability 
analysis.

The risk assessment toolkits are developed to 
assist stockholders of differing backgrounds.



Graduate Students - Graduated
Research Theses and Projects at UPRM

• Angel Alicea (PhD): “Dynamic Identification and Nonlinear Modeling for 
the Structural Health Assessment of Aged Coastal Infrastructure in 
Puerto Rico”, PhD dissertation completed in December 2018, also 
worked in educational activities for the project, wasco-sponsored by 
FHWA Eisenhower Fellowships. 

• Kevin Cueto (MSCE):“Modeling considering Computational Fluid 
Dynamics of hydraulic pressure exerted on coastal structures”,  MS 
Completed. Also works in educational activities for the project.

• Jorge Romeu (MECE): “Structural Analysis of Common Coastal Structures 
Found on the West Coast of PR using FEMA P-646”, ME. Also works in 
educational activities for the project, serves as instructor for Capstone 
course.

• Efraín Ramos (MSCE):  “Stochastic Simulation of Tropical Cyclones for 
Quantification of Uncertainty associated with Strong Recurrence and 
Intensity”, MS thesis in progress. Currently working on his thesis at CHL-
ERDC.

The University of North Carolina at Chapel Hill

Dr. Angel Alicea (PhD-Dec 2018)
Advisor:  Dr. Ricardo López

CRC 4th Annual Meeting 
April 21-22, 2021 



• Alexander Molano (MSCE-Transportation): “Education and Awareness in Resilience of Coastal 
Transportation Infrastructure”, MS thesis in progress, also works in educational activities for the 
project, prepared several presentations and participated in Special Topics courses, FHWA 
Eisenhower Fellow.

• Juan Rodríguez (PhD - Structures):  1. “Variation of the nonlinear dynamic response of three-
dimensional buildings of reinforced concrete considering the directionality of seismic 
accelerations”,  PhD dissertation  in progress. 2. Also works in educational activities for the project 
preparing presentations, certificates and collecting information.

• Nelson Cordero (MSCE-Coastal): “ Configuration and Validation of the Weather Research and 
Forecasting Model (WRF) for Tropical and Extratropical Cyclones with Applications in 
Hydrodynamic Modeling” , MS thesis in progress.

• Yesenia Franqui (ME- Construction Management).  Works as the Webmaster and activity 
coordination.

• Ivelisse Ramos (PhD Transportation): “Development of New Work Zone Traffic Signs for Road Re-
Construction Process”

The University of North Carolina at Chapel Hill CRC 4th Annual Meeting 
March 27-28, 2019

Graduate Students - Ongoing
Active Research Theses, Projects and Students at UPRM
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Networking
Leverage

• Partnerships
• Internal 
• External

• Sponsorships
• Proposals
• Community Service
• Media/Webpage

HSOAC-RAND (Ismael Pagán-Trinidad, Carla Lopez 
del Puerto, Ricardo López,, Francisco Maldonado, 
Alberto Figueroa, Raúl Zapata, José Guevara, José 
Cedeño, Ivelisse Ramos); Resilient Design Course 
(Ali Saffar); USARMY ERDC- SOUTHERN 
COMMAND Resilient Design; EPA Radon Sampling 
in PR; Transportation T2 Center (Benjamín 
Colucci); JSU-TAMU PIRE Program (Dr. Robert 
Whalin) ; Oregon State University (Dan Cox); 
Notheastern University (Dr. Ganguly Auroop); 
NCSU (Gavin Smith); Louisiana State University 
(Scott Hagen); HUD (Francisco Maldoando, Ismael 
Pagán Trinidad)



Networking and Collaboration with:
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Posters from UPRM Students
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Conclusions

37

After the worst natural disaster under the worst
possible social, economic and infrastructure
conditions Puerto Rico has faced in history, the
catastrophe turns into a great opportunity to
innovate and reconstruct it under the most rigorous,
resilient, sustainable, educated and just standards to
ensure its people a brighter future.

The DHS-UPRM CRC constitutes an excellent vehicle
for the University to engage in the required capacity
building process to help reconstruct Puerto Rico and
rebuild USA’s resilient infrastructure.
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Questions and Comments Thank you!
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