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S xtreme Drought (201£2016)

W E Vi

{ Third driest period in Puerto Rico
{ Extreme agricultural impact and water
supply scarcity

AHurricane Irmasept. 6, 2017

{ FEMAPR4339PR)
{ Category 5, affected the north of the Islan

24| { Prepared vulnerable flooding and

landslide conditions for Hurricane Maria

= H [ TiCcANe Maria (September 20, 2017EMA-
L SR DR4339PR (near $100 B damages)
B [t} ES v SUE o0 e 8 E Jv Wp E

S #Approx. 3000 deaths, floods, 70K landslides, tots
@ shut down and chaos

~“|Sahara Dust Clou@020
-{{ Worst event in 50 years
{{ Extreme high temperatures

& |{ Asma and respiratory diseases

Puerto Rico River Basin Symposiga2

VS

AESE u

.. | Earthquake Sequence (December 2019-da

| {FEMAPR4473PR ($41 M and counting)

{10 earthquakes with M-5 or higher (3 week)
{Heavy Infrastructure in damages, people still stressf

~{ shaking continues

=X
S

Tropical Storm Isaias - July 29-31, 2020
{ FEMADBR4560PR ($10 M and counting)
{ Extreme wind gusts and heavy rainfall.

{ Torrential rainfall, floods, and landslides.

Pandemic (January 2020date)

1{ FEMADPBR4493PR

{ Total lock down; 475k cases; 4140 deaths

7 {Extreme impact on the economy and the communit

=3 Floods (2019 and 2020)
=4 {FEMAEM-3417-PR (August 26, 2019) TS Doria

{FEMAEM-3537-PR (August 21-23, 2020 ) TS La
{FEMADR4571-PR (September 13, 2020)
Storm/Flood ( $3.2 M initial estimate)
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DHS CRITICAL INFRASTRUCTURE

H u r r I C a_ n e M ar Ila_ https://www.dhs gov/critical-infrastructure-sectors

Economic Impact: m
Near $95 billions

Critical
-Manufacturing

" Commercial ™
Facilities
V.

~_Communications

Approx. $40 billion loss of
economic output and $55
billion In property and |
Infrastructure damage.

Emé}gency
Services

Degnse
Industrial Bass

~Government .
Facilities

SO A > > Healthcare
AgTicurE and Public Heakh

Financial
Services

|

A significant fraction is
associlated with floods,
runoff, and rainfall.

nformation
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Flanning Gycle for Resilient Design

) (9)
Damage Recovery
Assessment Process

(10)

- (7)
Hazard - Risk Response Improved

Resilience

©) (6) (11)
Exposure Occurrence of Education
. Event Capacity Building

(4) ©) (12)
Vulnerabilty Preparedness- New State for
Assessment Mitigation Expected Even
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Project Description and Summary
HSE Educational Gap

Resiliency of Coastal Infrastructure (RCI) — hupstwwwcoosie comjearty

Formal
Goal Target Stake Education Informal Help develOp

Help educate the | Motivation Holders Education Education

community by _ Students faculty, Conferences Culture in
Iders professionals first workshops esilient
advancing state of responders work seminars lectures, oastal

knowledge in force (MS theses, short courses,

knowledge and coastal resilient undergraduate _ nfrastructure
experien?:es to infrastructure research, special ‘Conversatories U

stakeholders professional Webinars RC'
projects)

Provide Educatior Engage Stakeholdery Attract Work Force



https://www.google.com/earth/
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Major Outcomes and Impacts

Professional Networking

Leverage

Curricular

Education Education

+ Webpage (job opportunities, + Courses and curriculum t Partnerships
presentations, videos, webinars, etc.) (capstone course, graduate t Internal
| oomeeress escarch,undergraduate |y ) 0T
+ Semin arsp research, special projects) + Plroop osals P
t Lectures 1 Faculty involvement + Community Service
1 Short courses, + Educational resources 1 Media/Webpage
T “Conversatories T Faculty engagement, expertise
+ Webinars a advise, and community
service

University of Puerto Rico- Mayagiiez
March 9410-11, 2022
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Professional
Education
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The Interactive Learning HUB (IL-HUB)

UPRM_ MiPoral  Portal UoR

UPRM-DHS CRC
https://www.uprm.edu/inci/crc/

CRC  Aboul  News&Events  Publications  Project

Recinto Universitario de Mayagoez

COASTAL RESILIENCE CENTSg
A U.S. Department of Homeland Security Center of Excellence

Gallery

CRC About News & Events Publications Projects Webinars People

s ) = ye—
-

BUPR .. .. o et

e o Mg usicsions

e Galey

e e —prr—— M bCwsel ComVER g

Publications
| | ®ueR -

I Webinars Recordings Depository

Presentations

2020 Hurricane Season Forecast with Ada Monzén and
Roberto Garcia, NWS Sam Juan, Puerto Rico

Theses !

. . . . University of Puerto Rico- Mayagiiez
Puerto Rico River Basin Symposigag2 March 910-11, 2022



The Interactive Learning HUB (IL-HUB)

Webinars Recordings Depository

www.uprm.edu/inci/

In the Webinars Recordings Depository

(WRD]}, you will find the recordings of oM EBGINT 4
some of the webinars offered by the — e e e e
UPRM-DHS Coastal Resilience Center of :

Excellence. The objective of the WRD is e ' ' ‘}

to provide resilience education and T VTN R
help develop the workforce of first oLt e Fcacs
responders, professionals, students,

faculty, and the whole community who

work against hazards affecting the

coastal infrastructure with a particular 2

focus on our Island. slincs &

demaaakoacl Tiaad P i dpmmits pul Lo Masar) el Mt seal S . Fla g s T T

CDA STAL RESILIENCE 'C ENTER A LS. Depariment of Homsland Seeurity Center of Eveellsnce

University of Puerto Rico- Mayagiiez
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COASTAL RESILIENCE CENTER

Web seminars example: A U.S. Department of Homeland Security Center of Excellence

Past, Present and Future Conditions for Tide, Surge and Hydrologic Flows over Low Gradient Coastal
Land-margin Systems of the Northern Gulf of Mexico
Author:

Dr. Scott C. Hagen Historical conditions provide insight to future challenges

Director, Louisiana State * Future SLR and evolution of the MS-AL barrier islands Author

University Center for Coastal + Tidal amglitudes in Grand Bay aren't expected to change -
2 T m * Tidal velocities and flood/ebb current dominance will be altered Otiective
Resiliency Professor, Civil &

Objectives & Research Hypothesis

Lxpesied Revts
* Implications for reconstruction of Grand Batture Island

+ Determine the extent and
Environmental Engineering , magnitude of each Rooding
Louisiana State University

Conference

Language:

C.E. Contact

Hours:

English

To access this webinar:

(CLICK HERE 3¢

* Ebb dominant currents tend to transport sediment seaward and may reduce marsh sediment supply

« Changes in tidal current strengths can alter nutrient transport to seagrass beds

* Increased flow rates can negatively affect oyster tarvae delivery and pasition after settlement

'

s T Wohaing OW¥aruraos o JO5 vs. L0480 l

Tidok Arptuce % Change wom 1648 1o 2305 -

- i

f Ressarch, Vol 111, 19, 150-158. b

LSLI  Conter for Constal Resiiumcy | Moisndices LI - WS Cosuiad Rewince Contee - Virtusl Sermnar - October 14,2030 21

mechanism developed during &
compound flood event

* Define the coastal, hydrologic, and
transition flood one

Research Hypothesis

+ The relationship between raintall
runoft, tides, and storm surge Is

CE
Hours:

CLICK HERE -

COASTAL RESILIENCE CENTER

The University of North Carolina at Chapel Hill

CRC6th Annual Mesting
April 21-22, 2021
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Web seminars example:

Hacia una Nueva Generacion de Infraestructura Costera: Estrategias de Adaptacion y Desarrollo de

Author:

Conference
Language:

C.E. Contact
Hours:

Comunidades e Infraestructura Resiliente

Ernesto L. Diaz, MS, MEM
Director of the Office for
Coastal Management and
Climate Change Coordinator of
the Puerto Rico Climate
Change Council

Puerto Rico’s coastal uses and assets (@

Comtal population: 2.3 million
(61%) at 44 coastal municipalites

Constline 799 mi/1.225 beaches
(60 aftex et by eromeon)

Buit up Aress/Comtine 18%
+ Tarritorial waters: aem 45078 8 wv)

Spanish

PUBLIC BURDINGS

TRANSPORTATION

15

To access this webinar

COASTAL RESILIENCE CENTER 1 US. Department of Homeland Security Center of Excellence

Puerto Rico River Basin Symposiuzg22

Web seminars example:

Author:

Conference
Language:

C.E. Contact
Hours:

Riesgo Sismico en Puerto Rico - 1er Conversatorio

Dr. Luis E. Sudrez,

Dr. Ricardo R. Lopez Rodriguez,
Dr. José A. Martinez Cruzado
Department of Civil
Engineering and Surveying,
University of Puerto Rico at
Mayaglez

Spanish

3.0

To access this webinar

CLICK HERE

COASTAL RESILIENCE CENTER 1 US. Department of Homeland Security Center of E

University of Puerto Rico- Mayagiiez
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Number of participants: 2,482
Total contact hours of participation: 10,861

Cumulative Participants

2,482 6" Year
New Participants

2500

2000

1500

1000

Cumulative number of participants

2016-2017 2017-2018 2018-2019 2019-2020 2020-2(
m Community m Government ™ Professional m Student and Faculty



Participation Certificates: 3,605

Contact Hours Offered: 206 Instructor Recognitions: 116

Conferences and Workshop Attendance

0
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Conferences and Workshop: 55

Cumulative Activities
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Community, private sector, government and academic participation distribution

Participants per sector Contact hours per sector Student and Faculty

m Community 210, 18%

» Government
m Student

m Professional
m Faculty

943, 82%

= Student and
Faculty

Achievement progrant sector distribution
1 [P

Outstanding Participation Achievemehm
4

Meritorious Participation AchievementZ o [2IENN

Active Participation Achievementi# 86 80 102

0 25 50 75 100 125 150 175 200 225 250 275  30(
m Community m Government m Professional m Student and Faculty
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Certificate of Achievement

- COASTAL RESILIENCE CENTER
£ 1.5 Dvpanwent of Nomeloond Ssvanty Coonwr of Rarslen

CERTIFICATE OF ACHIEVEMENT
- rvrageaas ol
ACTIVE PARTICIPATION

premnd e

UPRM-CHS Coastal Reclionce Conter of Fxcallence

Foo ot vk b o
Tow Conana NV

gy whond ey o cmawad ahesa v vers rmed o pert ol e dh e en of e

COASTAL RESILIENCE CENTER
145 14',~|"‘-\||V floonsinedd Secanty Covr of Exvelloare
<pidaiy-
it & Gppote Hpgy

Center of
St Wl b T

0 ot (rhend e rrnnes o8 Cntdnd bt been g e d 80 per) of e b e ol e
VRV D dastun B §mmpoes bog Kanmey of § sontel babaanarturs prafoes spuessend by dhe

FTHE ot o Vit o g Mmoo 1 o § Dol s By g o it by e
il o vy e TN Do (S Conond s Comns (B | of Eaoyivmry s the § & Dvparnmens of omsbond Sovmiy

Aty od on Viarvh 01T ot e Caeriry of P Bs o0 Mapngion, Paes Bie

COASTAL RESILIENCE CENTER

WAl v Becomder 1L RO 8 A b Akl of Pacms Mor o Masagten Paerm Bae

A US. Department of Homeland Security Center of Excellence

- COASTAL RESILIENCE CENTE

YT

ot & G iy

UPRM OKS Cosstal Rosilience Comer of Bucallonse

A i am ke .

s prhad b s of cmast Inmanemns pramad w pant of B bt e of v
1R L o Bor by g Brwiirw s of € snnid be b wbmsbmos propont spmancnnd by e
Vowast Baosawer | vator 08B0 o §assrnes smier doe 18 Dprsorst of Momebund Sevmy

At el LS R e |y o Panrm Bies e Vioagier, Paores Bios

Wi 8 s Dby

University of Puerto Rico- Mayagiiez

Puerto Rico River Basin Symposiuzg22 March 910-11, 2022




- COASTAL RESILIENCE CENTER

A U.S. Department of Homeland Security Center of Excellence
10 UPRM STUDENTS AT SUMREX INTERNSHIPS (OSU, LSU, UCF)

ty

1 Diego Delgado OSU BSCE, M&oastal Engn@Holland)” .

2 Kevin Cueto OSU BSCE,MSstructural Engng.

3  Felix Santiago UCF/LSUL BSCE, PhOand. LSU (Coastal)

4  Diego Delgado UCF/LSL BSCE, M% oastal EngnfHolland) %u”

5  Héctor Coléon UCF/LSL BSCE Professional Practice PR . Santlao—'@ Acevedo

6 Peter Rivera OSU BSCE, MS (Coasfigng-UPRM K{L Second Prize Winner:

7 Bryan Acevedo OSU BSCE, Professional Practice US/ | = Creative Open

8 Jorge Santiago OSU BSCE, PhD Student LSU Capstone

9  lhanJareck OSu BSEC, MS Students (Coastal) UPRM, Dec. 2018
Acevedo UPRM

10 Robert Lewis OSU BSCE, Professional Practice

Puerto Rico River Basin Symposiuzg22 University of Puerto Rico- Mayagiiez

March 940-11, 2022
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Curricular Educatio

. . . . University of Puerto Rico- Mayagiiez
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INC 5996 Secial Problems - Managing Rverine and Qoastal Hoods
for Resilient Communities (Pagan, Lopez del Puerto, Zapata-Lopez

T Course missionlmprove the social, infrastructural, economical and the__________ _,
V SUE o VA]JE}vuU vE[s E +]Jo] v S}A E « v § |y EEEIEEEEEE
floods, hurricanes and any other abrupt change in weather) within | v s
coastal zones by conducting research and educating the community. g
will gather more information alongside the Department of Homeland
security (DHS) Coastal Hazards Center of Excellence.

T Topics presented include:
0 Introduction and Overview
Complex Project Management Fundamentals
Riverine and Coastal Floods Multihazards
Riskand Vulnerability Data Assessmerand Evaluation

Basin and Urban Drainage Systems and Infrastructure https://gis.fema.gov/PuertoRicoABFEs/
Field Trip Experiences

Flood Control Alternatives: Structural and Non- structural

Nature Based Approaches, Low Impact Development, and Green Flood My Map
Control Infrastructure

o Final Project Report and Presentation
o Independent Project Team Works

il

(]

O OO o O oo

T Selected study areaGuanajibo River Floodplain at the Mayaguez Bay - :
Coast (1975 TS Eloisa causes the second largest flood ever observe . ‘ L R
the area. FEMA, NOAA and PRPB has identified as hazard area witt - _‘ :
possible water related hazard conditions. The urban infrastructure, ——

commerce, environmental sensitive areas and one protected are at I pumrrr—r————

https://www.coast.noaa.gov/floodexposure/#-7475438,2061944,15zal@idaW1hZ2VyeSJ9



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

- COASTAL RESILIENCE CENTER

A U.S. Department of Homeland Security Center of Excellence

5 Dimensional Project Management

Educational Objectives

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 Complexity Mapping for Resilient and  Repairs and Refurbishing of The

model (5DPM) and discussions, Sustainable Infrastructure: The Doppler Guajataca Dam following
team exercises and case studies of Radar in Puerto Rico Case Study Hurricane Maria: A Case Study
actual complex projects. (Proceeding ASCE conference) (Proceeding LACCEI conference)

Puerto Rico River Basin Symposigog2 University of Puerto Rico- Mayagtiez

March 9410-11, 2022



INC14138 Water Resources Engineering (Zapata)

T Three class periods have been developed to present the concept of water related single and multi-haza
from natures events. The risk and vulnerability of the infrastructure based on its location and exposure t
natural hazards is used to bring consciousness of the needs for good planning schemes and provide heé
mitigation to these events.

T Class projectStudy the risk and vulnerability of a relevant infrastructure facility exposed to natural hazart
then propose mitigation activities. Selected project is the Regional Sanitary Water Pungiam 8ty
Mayaguez located next to the beach and the Quebrada de Oro outlet. FEMA, and local goverraneig@sag
web pages shows this location with seven (7) water related possible hazards. Earthquake is anatider ha
to this facility.

ional Flood Haza
T

@

Q, search By Address

EEEEEE

MMMMMMMMMM

High Tide Figoding

IETAL EXPOSURE

W.coast.noaa.qov/floodexposure/#475438,2061944,1%2/yey§]iIibianhZZVv

\
\

https://hazards-fema.maps.arcqis.com/apps/weba

efreshed October, 2020. | r

ppviewer/ https://ww

L
hoim:



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

Regular Gourses (INC 4950): The Senior CECapstone Experience
(Gwevara, Pagan-Trinidad, Figlieroa, L&pez del Puerto, Camacho)

Incorporate (astal Resilient Design

Design a modelll Found a design Develop a
coastal urban professional Feasibility
cluster company Study

Conceptual Preliminary

Design Design il DSl

Components

. o Site Development,
Sustainability Environmepntal ,

Resources FeaS|b|||ty &

Location Ten students/company

Mayaguez Bay Aresq Five Professors Legal, Political, Social, Transportation,
yag y Cultural, Environmental, Water/Waste Water ,

Five Graduate Students Technical, Economical Geotechnical ,
Structural/Architectural




COASTAL RESILIENCE CENTER

A U.S. Department of Homeland Security Center of Excellence

Mixed Residential-
Commercial District §
and Medical Clinic

ect:
[ \L‘&

Relocation Capstohe P\Qj

¥

-‘.‘;-'

The University of North Carollna at Chapel H|II

CAPSTONE DESIGN PROJ ECT

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 Buyout- Relocation Project (adjacent to the neighborhood)

University of Puerto Rico- Mayagiiez
March 9410-11, 2022
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Buyout t Relocation Project

3D view of overall alternative 3 project site -
Conceptual Plan- El Seco Community

New Site Layout- El SecCB

Puerto Rico River Basin Symposigaf2 University of Puerto Rico- Mayaguiez

March 9410-11, 2022
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INC 5996 - Regular Gourses tRehabilitation

AABILITATION OF STRUGTURES AFFEGTED BY

MARINEENVIRONMEN T

ASSESSMENT AND REHABILITATION
OF COASTAT STRUCTURES
INCI 5996/INCI16997

JOSE O. GUEVARA, Ph.D., P.E.

MJ 12:00P M. 1:15P .M

Estimating Loads for extreme events, estimate of the reserve capacity of the

structure, criteria to determine the needfor repair. quality control, defectsin

materials. construction, detailing. corrosion, temperature effects. fire effects,
manifestation of distress. repair methods and retrofitting. repair of structures
affected marine environment. repair of footings. seismic rehabilitation

University of Puerto Rico- Mayagiiez
March 940-11, 2022
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Proposed New Qourse: E i Dudg], | & v D wvActionsfor

Qigtainable and Resllient Infrastructure

IE SUE |- Z Al}E
T Nature is needed for life as we know it.
T Nature is our responsibility
T Nature is continuously evolving
T We can not eliminate hazards but
mitigate the impact of hazards

Natural Hazards

T Natural Hazards to whom (mankind,
nature itself, . . .)

T Types of Risk Hazards

T Common relationships among the
natural hazards: Hurricanes (wind, storm
surge, heavy rainfall, flooding, debris,

E}e]}vU % }*]S]}vU 0 v 0]

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

1Resllient and Sustainable Response

T Infrastructure priorities

T Complexity matrix of the analysis and recovery issues
T Assessment studies

T Planning and action plans

T Mitigation alternatives for given single hazard

T Mitigation issues for multi hazard events

T Community awareness

1Coastal Zone Multi Hazards

t Possible multi hazards of this zone

T Frequency of riverine and coastal flooding effects

T Hurricanes producing higher storm surge, tidal effects,

T Earthquakes generating Tsunamis, liquefaction, subsidence or

Y uplift

t Data collection needed

T Available action plans for single events and for multi hazard
events

T Regulations (current ones and the ones to be improved)

T Resources available (materials, working labors,

T Economic resources to sponsor mitigation activities

T Mitigation activities
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Resilient Design of Coastal Structure

Dr. Ali Saffar, Professor in Structures, Civil Engineering Dept., UPRM.

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)

Puerto Rico River Basin Symposiga2

+ Statistical sampling and probability measures

* Main descriptors of a random variable

« Conditional probability

+ Central limit theory and models from limiting cases

+ Characteristic values

+ Poisson process and Poisson distribution

+ Statistics of extremes

* Multivariate distributions and the concept of correlation
+ Monte Carlo Simulation

* Testing goodness of fit

x Elements of classical reliability theory

x Performance- based analysis

x Limit state functions

x Hasofer and Fiessler transformation

x Level -Il reliability analysis

x Target reliab ilities

x Extraordinary and low frequency loading
x Measuring Resiliency

x Defining uncertainty

x Centrality of state variables

x Risk of extreme events

x Decision tree analysis

x Basic fault tree analysis

x Extreme events in fault tree analysis

x Nature-based  hazard mitigation features
X Levees

X Storm surge barriers

x Seawalls and revetments

X Existing Fragility curves for extreme events

x Classifying coastal structures by vulnerability

X Predicting damage states

x Developing fragility curves for coastal structures

Educational Objectives

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 Il reliability
analysis.

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

University of Puerto Rico- Mayaguez
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Graduate Sudents- Graduated
Research Thesesand Projects at UPRM

T Angel Alicea (PhD)» Cv u] [/ vs](] S]}v v E}vo]v
the Structural Health Assessment of Aged Coastal Infrastructure in
Wup ES} Z] } U WZ  Jee ES S]}V }Uu%0 S ]V
worked in educational activities for the project, wasco-sponsored by
FHWA Eisenhower Fellowships.

+ Kevin Cueto (MSCE):D} o]vP lve] E]VP lu%opd 31}

Cvu] «}(ZC & po] %oE e*pE&E A ES }v ]
Completed. Also works in educational activities for the project.

T Jorge Romeu (MECEY)*"SEMU SUE o0 Vv 0Ce]e }( }uu}v
Found on the West Coast of PR using FEMA®6_U D X o0¢} A]ii ‘
educational activities for the project, serves as instructor for Capstone
course.

T Efrain Ramos (MSCEN"*S} Z 8] ~Jupo S]}v }( dE}%] o C o}v « (}E

Quantification of Uncertainty associated with Strong Recurrence and
é;/a[é)cv *]SC _U D" SZ «]Cuirents GoFkMGon his thesis at CHL-
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March 910-11, 2022

Puerto Rico River Basin Symposiuzi22




A U.S. Department of Homeland Security Center of Excellence

- COASTAL RESILIENCE CENTER

Graduate Sudents - Ongoing
Active Research Theses, Projects and Sudents at UPRM

T Alexander Molano (MSCE-Transportationy: p $]}v v A €& v e« Jv Z «]Jo] v }(
dE ve% }ES S]}v /V(E SEYU SHUE U DN SZ o] ]V %o E}PE U o0°}
project, prepared several presentations and participated in Special Topics courses, FHWA
Eisenhower Fellow.

T Juan Rodriguez (PhD - Structures):™Ms &] S]}v }( SZ v}ivo]l]v E Cv u}l E °«%o}\
dimensional buildings of reinforced concrete considering the directionality of seismic

o E S]}ve U WZ ]ee &ES23AIko wgrks ¥ €dgdatiBnal«aXtivities for the project
preparing presentations, certificates and collecting information.

TNelson Cordero (MSCE-Coastat): }v(]Pu& S]}v v s o] S]}v }(sZ t sZ & Z

Forecasting Model (WRF) for Tropical and Extratropical Cyclones with Applications in
,C E} Cv u] D} o]JvP_ U DM SZ ] ]V e E}PE X

TYesenia Franqui (ME- Construction Managemerniyorks as the Webmaster and activity
coordination.

Tlvelisse Ramos (PhD TransportatiorfDevelopment of New Work Zone Traffic Signs for Road Re-
tweSEU S]}v WE} oo

Universitvy of Puerto Rico- Mavaagliez
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Networklng (Ali Saffar)USARMY ERDC- SOUTHERN
| eve rage COMMAND Resilient Desigdosé Guevara-UPRM-

Rumanda Jones, Patrick Deliman, Carlos Hinz.
Lab);EPA Radon Sampling in Fifedro Tarafa)
Transportation T2 CentefBenjamin ColucciJSU

1 Partnerships TAMU PIRE Progra(®r. Robert Whalin)Qregon
t Internal State University(Dan Cox)Notheastern University
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T Community Service

T Media/Webpage
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Posters from UPRM Students
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Student:
Research Mentors:

Homeland Security Challenge

The security of a nation implies having a complete overview of all possible risks, and since time
immemorial, humanity has known about the rare but inevitable seismic risk. History serves as a
reference to establish how catastrophic an earthquake can be for a region where its inhabitants do not
take precautionary measures to face this natural event resiliently. In the United States, the 1994 M6.7
Northridge earthquake in California remains the third costliest disaster in U.S. history; and it was one of
the most expensive disasters for the federal government (FEMA, 2017). The entire west coast of the
continental United States, the south coast of Alaska, Hawaii, and Guan, over twenty-three thousand miles
of coastline, are identified as very high risk areas by the USGS (FEMA, 20168). Puerto Rico and the
Virgin Islands are categorized as high and moderately high seismic risk, although recent technical studies
indicate that the risk could be underestimated. This study develops a program to model the behavior of
reinforced concrete structures during an earthquake and will be used to study the effect of the
directionality of seismic accelerations, in order to provide an alternative to understand better the
interaction between essential components of our infrastructure, buildings, and these natural phenomena.
As the knowledge of structural performance during earthquakes is improved and tools that can be used
during design are added, we will move towards safer and more resilient communities.

Methodology

To synthesize the methodology of this work, will first present what is related to coding the analysis
program in terms of programming and computational capacity. The analysis program is coded in two
main parts: a computational executor and a graphical user interface (GUI). Everything related to the
analysis calculations is coding in the Fortran programming language, using the standard adopted in 2010
(ISO / IEC, 2010). This language was selected for its characteristics of computational speed and
numerical precision (machine epsilon = 1.92x10-3, zero in logical comparisons = 1x10%%) and is a widely
known language in the field of science and engineering. The GUI is built with the Visual Basic 2017
coding language as an MS Windows Forms App with .NET Framework 4.6.1. In summary, compatible
with the vast majority of current Windows OS computers with 64-bit CPUs.

The structural analysis model is based on the typical three-dimensional cartesian coordinate analysis
environment where nodes are defined and linked together with elements to simulate structural elements'
behavior. The nodes are characterized by their three coordinates, associated mass, and six degrees of
freedom (DOF) (three displacements or force and three rotations or moments). Elements are defined by
up to 85 parameters and a diagram to define geometry and steel reinforcements' location in their cross-
section. The main behaviors of non-linearity and inelasticity of reinforced concrete structures are
considered through the parameters that define the elements. The definition of floor slab-type elements
that maintain elastic behavior is included as special elements. Once the structure's geometry and the
mechanical characteristics of its components are defined, the analysis model simulates the building's
nonlinear inelastic dynamic response. Figure 1 is a synthesis of the model.

Nonlinear Dynamic Response of Reinforced Concrete Buildings
and the Effect of the Directionality of Seismic Accelerations:
An Innovative Structural Analysis Program

Juan A. Rodriguez, MSCE, PE, PLS, PhD Student
Luis E. Sudrez, PhD, Professor and Ricardo R. Lépez, PhD, PE, Adjunct Professor
Department of Civil Engineering and Surveying, University of Puerto Rico (UPRM)

ko
Z

« Coordinate transformations of
stiffness for the correct
interrelation between DOF

+ Relationships between
rotations and curvatures of
sections

« Static load application by the
incremental method

+ Conservation of the balance of
static forces

& Cracking in the element
section

« Gradual application of
dead loads

* Gradual application of
live loads

* Yield stress in
reinforcing steel

* Decrease in capacity due
to ultimate stress in
reinforcing steel

= Hysteretic behavior in
four rotational springs
per element

« |t allows the gradual
application of other
static loads or
displacement
considering the

APPLICABILITY OF LOADS

nonlinear inelastic
behavior

 The program permits a
pushover analysis

* Application of seismic
loads using acceleration
records at the base (1, 2,
or 3 orthogonal
directions)

SOURCES OF NON-LINEARITY

* Decrease in the capacity
of the element due to
failures:

+ Condensation of DOF

* Application of dynamic loads
by the incremental method

* Numerical solution using
Newmark-beta method

* Consideration of proportional
damping to stiffness and mass

* Conservation of the dynamic
balance of forces

o shear
shear-torsion
interaction

» torsion moments

> interaction
between axial loads
and bending
moments.

PRINCIPLES CONSIDERED IN THE ANALYSIS

FIGURE 1: Key elements on the analysis model

Once the analysis program is completed and validated, it will be used to model different buildings
designed according to current building codes, to contrast the response before different incidence
scenarios of seismic accelerations in terms of the directions. The idea is to make the applied
acceleration records orthogonal directions that do not match the elements orthogonal axes and the frame
arrangement, which are typically defined during design.

Ovutcomes

The present research is undergoing; the phase where the structural analysis model is defined was
completed, and its mathematical execution was coded. The GUI was prepared, and dozens of analyses
were carryout to validate the model. Figure 2 shows some example screenshots of the analysis program
(alpha version). In the process, inclusions have been identified to improve the analysis model. Additional
considerations for shear deformations were added, the possibility of rigid segments in the elements was
included, and mathematical operations were reformulated for better computational efficiency. This
reformulation had a significant impact on the execution time of the analysis since, by the nature of the
model, it is required to solve systems of equations with several hundred unknowns continuously for
thousands of times. The new version solves 76% faster for gradual application of static loads and 32%
faster for the base accelerations' analysis. This work is currently in the validation phase of the new
version to start analyzing and studying the change in seismic performance influenced by the directionality
of seismic accelerations.
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FIGURE 2: Examples screenshots of the analysis program (alpha version)

Conclusions

This research is not yet at the stage to issue conclusions. However, it is expected that a new tool will be

obtained that will serve for future works and designs.

This tool has more flexibility for the inclusion of

parameters and methodologies than commercial programs, which do not offer access to their source code. It
is expected that the study of comparative performances between different incidence scenarios of seismic
accelerations in terms of the directions will serve to issue design recommendations to complement currently
used analysis methodologies. This work's ultimate goal is to improve our infrastructure's resiliency, protecting
the life, safety, and property of hundreds of communities in seismic risk areas.
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