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Agenda

• Impacto Combinado del Oleaje y las Marejadas Ciclónicas en 
Estructuras Costeras
• FEMA P-2020 | Mitigation Assessment Team Report: Hurricanes

Irma and Maria in Puerto Rico
• UPRM funded by USFWS Assessment of wind and wave-forcing, 

effects, and impacts of Hurricane María on reference coastal sites 
of the main island of Puerto Rico

• Códigos de Construcción
• Puerto Rico Building Code 2018

• International Building Code 2018
• ASCE 7 – Minimum Design Loads and Associated Criteria for Buildings and 

Other Structures
• ASCE 24 – Flood Resistant Design and Construction

• Guías para diseño residencial
• FEMA P-55 | Coastal Construction Manual
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Hurricanes Irma and Maria in Puerto Rico Mitigation Assessment Team Report

Report available at: https://www.fema.gov/media-library/assets/documents/173789

FEMA P-2020 | Mitigation 

Assessment Team Report: 

Hurricanes Irma and Maria in 

Puerto Rico

https://www.fema.gov/media-library/assets/documents/173789


Hurricanes Irma and Maria in Puerto Rico Mitigation Assessment Team Report

PR MAT Report

• Executive Summary

• Chapter 1. Introduction

• Chapter 2. Building Codes, Standards and Regulations 

• Chapter 3. Performance of Residential and Low-Rise 

Buildings

• Chapter 4. Performance of Schools and Sheltering 

Facilities

• Chapter 5. Performance of Critical Facilities and

Mid-Rise Buildings

• Chapter 6. Performance of Solar Installations

• Chapter 7. Conclusions and Recommendations 

• References and Appendices
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Hurricanes Irma and Maria in Puerto Rico Mitigation Assessment Team Report

Punta Santiago, Humacao

• Impacts from Maria

• High winds, storm 

surge, large waves

• Some buildings saw 7-

9 feet (2.1-2.7 meters) 

of surge

• 2005 & 2009 FIRMs 

show AE and V Zones

• Advisory Mapping 

adds Coastal A Zones

• Apartment building 

elevated on fill to 2009 BFE 

did not flood (but many at 

grade did)

• Elevated wood-framed 

building destroyed
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Hurricanes Irma and Maria in Puerto Rico Mitigation Assessment Team Report

Punta Santiago, Humacao

• Poorly constructed elevated buildings
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Hurricanes Irma and Maria in Puerto Rico Mitigation Assessment Team Report

Punta Santiago, Humacao

• Elevated wood-

framed house 

that was 

destroyed (left) 

and that survived 

(right)
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Hurricanes Irma and Maria in Puerto Rico Mitigation Assessment Team Report

Punta Santiago, Humacao

• This elevated concrete 

house performed well
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Hurricanes Irma and Maria in Puerto Rico Mitigation Assessment Team Report

Punta Santiago, Humacao

• Storm-induced 

beach erosion
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Hurricanes Irma and Maria in Puerto Rico Mitigation Assessment Team Report

Support for Building Code Update to 2018 I-Codes

• Flood Provisions of the IBC 

& IRC (2009-2018)

• Wind Provisions of the IBC 

& IRC (2009-2018) 

• Seismic Provisions of the 

IBC & IRC (2009-2018) 
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Hurricanes Irma and Maria in Puerto Rico Mitigation Assessment Team Report

Flood Provisions of the IBC & IRC (2009-2018)
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Hurricanes Irma and Maria in Puerto Rico Mitigation Assessment Team Report

Puerto Rico Recovery Advisories

5

• RA-1 Rooftop Equipment Maintenance 

and Attachment in High-Wind Regions 

• RA-2 Siting, Design, and Construction in 

Coastal Flood Zones 

• RA-3 Safe Rooms and Storm Shelters for 

Life Safety Protection from Hurricanes

• RA-4 Best Practices for Minimizing Flood 

Damage to Existing Structures  

• RA-5 Protecting Window and Openings in 

Buildings 

• RA-6 Repair and Replacement of Wood 

Residential Roof Covering Systems 

Web page link: https://www.fema.gov/es/media-library/assets/documents/158123

https://www.fema.gov/es/media-library/assets/documents/158123


Hurricanes Irma and Maria in Puerto Rico Mitigation Assessment Team Report

RA-2 Siting, Design, and Construction in Coastal 

Flood Zones 

13



Hurricanes Irma and Maria in Puerto Rico Mitigation Assessment Team Report

Report available at: https://www.fema.gov/media-library/assets/documents/173789

FEMA P-2020 | Mitigation 

Assessment Team Report: 

Hurricanes Irma and Maria in 

Puerto Rico

https://www.fema.gov/media-library/assets/documents/173789
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Beach Erosion - Report

Studied areas
• Cofresí, Rincón, PR (west coast)

• El Maní, Mayagüez, PR (west coast)

• Playita Cortada, Santa Isabel, PR (south coast)

• Bahía de Jauca, Santa Isabel, PR (south coast)

• Punta Santiago, Humacao, PR (southeast coast)

• La Boca, Barceloneta, PR (north coast)
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Beach Erosion - Report
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Hurricane
Maria Wind
Hindcast

18

Maps of wind speed and 
direction at 10 meters above 
ground level when Hurricane 
María was close to the 
selected CARICOOS 
meteorological stations.



Hurricane Maria Wind Hindcast
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Comparison between simulated (HWRF: square marker and WRF: diamond 
marker) and observed (circle marker) wind speed and wind direction at the 
CARICOOS Culebrita meteorological station.



Hurricane Maria Wave Hindcast
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Hurricane Maria Wave Hindcast
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Hurricane Maria Wave Hindcast

22

CARICOOS RINCON BUOY



Hurricane Maria Wave Hindcast
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CARICOOS SAN JUAN BUOY



Hurricane Maria Wave Hindcast
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CARICOOS  VIEQUES BUOY



Hurricane Maria Wave Hindcast
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CARICOOS US VIRGIN 
ISLANDS BUOY



Hurricane Maria Wave Hindcast
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CARICOOS US VIRGIN 
ISLANDS BUOY



Daños Costeros - Rincón, PR
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Daños Costeros – Punta Santiago, Humacao, PR
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Daños Costeros – Punta Santiago, Humacao, PR
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Daños Costeros La Boca Barceloneta, PR
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Daños Costeros La Boca Barceloneta, PR
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Daños Costeros La Boca Barceloneta, PR

32



Daños Costeros La Boca Barceloneta, PR
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Daños Costeros La Boca Barceloneta, PR
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Daños Costeros La Boca Barceloneta, PR
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Daños Costeros Playita Cortada, Santa Isabel, PR
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Daños Costeros Playita Cortada, Santa Isabel, PR
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Puerto Rico Building Code 2018
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Coastal Construction Manual: FEMA P-55 (2011)

• Course textbook

• Residential Coastal 

Construction Web site: 

http://www.fema.gov/re

sidential-coastal-

construction

• CD-ROM

• CCM equation 

calculator

I-39

http://www.fema.gov/residential-coastal-construction


FEMA Residential Coastal Construction 
Course Overview

Unit Title

Related CCM 

Chapters

I Introduction and Course Overview 1, 2

II Overview of Building Design Concepts 3, 6, 7

III Identifying Hazards 3

IV Siting 4

V Using Flood Hazard Information 3, 5, 6

VI
Design and Construction of Elevated Buildings 

(Wind, Seismic, Building Envelope)
8, 9, 11

VII

Design and Construction of the Foundation 

(Flood Loads and Conditions, Load 

Combinations)

8, 9, 10, 13, 14

VIII Other Issues (Utilities, Decks, Slabs, etc.) 9, 12, 14, 15



II-41

Design Framework



Avoid Flood (Especially Waves)

II-42



Avoid Flood (Especially Waves)

• Elevate to BFE + 

freeboard

• Open foundations –

Zone V and Coastal A 

Zones

• No obstructions below 

BFE

• Orient structure 

elements below water 

perpendicular to 

primary wave 

direction

II-43

Hurricane Ivan, 2004, Gulf Shore, AL



Elevation

• Freeboard, 

usually expressed 

in feet above the 

BFE, is building 

additional 

elevation above 

the minimum NFIP 

requirement

• Freeboard can be 

mandated by a 

State or 

community 

floodplain 

ordinance, or a 
II-44



Design Flood Elevation (DFE)

DFE = Locally adopted regulatory flood 

elevation

If community regulates to minimum NFIP 

requirements:

• DFE = BFE

If community exceeds minimum NFIP 

requirements:

• DFE > BFE

DFE > BFE

FEMA P-55 and codes

• Use DFE as minimum elevation for flood-

resistant design and construction

FEMA P-55 also recommends adding 

II-45



Freeboard

For most foundations, each 

foot of freeboard added at 

the time of construction

adds 0.25% to 1.0% of the 

at-BFE construction cost

For a Zone V example (DR = 

7%, UL = 30 years), the 

study found it is worth 

spending up to:

• 3% additional to add 1 ft

• 5% additional to add 2 ft

• 7% additional to add 3 ft

• 8% additional to add 4 ft

II-46

Reference: 

https://www.fema.gov/media-library-data/20130726-1602-20490-5110/nfip_eval_building_standards.pdf

https://www.fema.gov/media-library-data/20130726-1602-20490-5110/nfip_eval_building_standards.pdf


Risk Management through Mitigation

• Siting, design, and construction

• Building setbacks

• Freeboard

• Wind-, debris-, and rain-resistant building envelope

• Protective works

• Dune/bluff stabilization

• Erosion control structures

• Beach nourishment

II-47



Risk Management through Mitigation

• Siting, design, and construction

• Building setbacks

• Freeboard

• Wind-, debris-, and rain-resistant building envelope

• Protective works

• Dune/bluff stabilization

• Erosion control structures

• Beach nourishment

II-48



Open Foundations

VII-49



Closed Foundations

VII-50

Closed foundations are not recommended 

in Coastal A Zones and are not allowed in 

Zone V



Foundation Failures

Hurricane Ike, 2008, Bolivar Peninsula, TX
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Foundation Failures

Hurricane Sandy, 2012, Normandy Beach, NJ

Hurricane Ike, 2008, Bolivar Peninsula, TX

Hurricane Ike, 2008, Bolivar 

Peninsula, TX
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Foundation Failures

Hurricane Maria, 2017, 

Rincón, Puerto Rico

Hurricane Maria, 2017, 

Joyuda, Puerto Rico
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Foundation Failures

VII-54

Hurricane Maria, 2017, 

Rincón, Puerto Rico

Hurricane Maria, 2017, 

Joyuda, Puerto Rico



Flood Loads

• Magnitude of load

• Location of load application on 

structure

• Future loads are applied to 

structures as follows:

Lateral hydrostatic loads: at 

two-thirds depth point of 

stillwater elevation

Breaking wave loads: at 

stillwater elevation

Hydrodynamic loads: at mid-

depth point of stillwater 

elevation

Debris impact loads: at 

stillwater elevation VII-55
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