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* Impacts from Maria

* High winds, storm
surge, large waves | ‘
« Some buildings saw 7- 3 Multi-story aprtment building, S
Punta Santiage
O feet (2.1-2.7 meters) | &
of surge

e 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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» Poorly constructed elevated buildings
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* Elevated wood-
framed house
that was
destroyed (left)
and that survived
(right) =g o
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* This elevated concrete
house performed well
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« Storm-induced
beach erosion
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Support for Building Code Update to 2018 |-Codes
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Puerto Rico Fact Sheets — Changes in the Hazard Provisions

¥ FEMA

° Flood PrOVISlonS Of the IBC Flood Provisions of the 2009 - 2018

International Residential Code (IRC)

SHEET FOR PUERTO RICO May 2018
Purpose
cansuserns eaing
- e 201 (PREC) “The Pucrio
Rico Bukdng Code, compoaed of 8 complaton of amendmen and the 2009
I Codes® (1-Codes®) ), many , AMOng which
= the code development process that offers a forum for buikling professionals 1o 7z

2018 Intemational L 4

Residentil Cods* (IRC).
Background on IRC Flood Provisions

FEMA

2009 edons. This factshoot . 2012,
2015, 2016 exitons of the IRC.
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Flood Provisions of the IBC & IRC (2009-2018)
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Flood Provisions of the 2009 - 2018
International Residential Code (IRC)

Purpose

In the aftermath of Hurricane Irma and Maria, Puerto Rico is considering updating
its current building code, the 201 1 Puerto Rlco Bulldlng Code (PREC). "The Puerto
Rico Building Code, d of a n of its and the 2009
International Codes® (I-Codes®) provisions, provides many benefits, among which
is the code development process that offers a forum for building professionals to
discuss performance and prescriptive code requirements.”

FEMA strongly supports the adoption of strong, disaster-resistant building codes.
This fact sheet is intended to assist the Commonwealth of Puerto Rico with the
adoption of the hazard-resistant provisions included in the 2018 Intemational
Residential Code® (IRC).

Background on IRC Flood Provisions

FEMA has deemed the floed provisions of the |-Codes meet or exceed the minimum requirements of the
Mational Flood Insurance Program (NFIP). Some flood provisions of the -Code have changed from the
2009 editions. This factsheet describes the changes in selected flood provisions between the 2009, 2012,
2015, 2018 editions of the IRC.

The IRC applies to the “construction, ion, movement, enlarg 1t, replacement, repair, equipment,
use and occupancy, location, removal and demolition of detached one- and two-family dwellings and
townhouses not more than three stories above grade plain in heights with a separate means of egress and
their accessory structures.”

Maost of the IRC flood requirements are contained in Chapter 3 (Building Planning) and Chapter 4
{Foundations).

Flood requlrements are also in the following chapters: 1 {Administrative), 2 (Definitions). 13 (General
Mechanical System Reg its), 14 (Heating and Cocling Equipment), 16 (Duct Systems), 17
{Combustion Air), 20 (Boilers and Water Heaters), 22 (Special Piping and Storage Systems, 24 (Fuel Gas),
26 (General Plumbing Requirements), 27 (Plumbing Fixtures), 30 (Sanitary Drainage), and 21 (Vents)
Flood provisions are in the following appendices: Appendix E (Manufactured Housing Used as Dwellings),
Appendix G (Swimming Pools, Spas, and Hot Tubs), and Appendix J (Existing Buildings and Structures).

Access to IBC, IRC and other Resources
Free text versions of the IBC and IRC can be found at:

= 2018 IBC htips://codes iccsafe org/public/document/IBC2018

® 2012 IRC https:/icodes iccsafe. org/public/document/IRC2012

" Introduction to the 2011 Puerto Rico Building Code

Flood Provicions of the 2008 - 2018 IRC May 201 Faga 1

Disposiciones para inundacién del Codigo
Residencial Internacional (IRC) de 2009 - 2018

HOJA INFORMATIVA PARA PUERTO RI MAYO DE 201
Propésito:

Después de los huracanes Irma y Maria, Puerto Rico esta considerande actualizar su
codigo de canstruccidn actual, el Cédigo de Construccidn de Puerto Rico de 2011
(CCPR). “El Cadigo de Construccion de Puerto Rico, compuesto de una compilacién
de enmiendas y las disposiciones de los Codigos Internacionaless (Codigos le) de
2009, ofrece muchos beneficios, como el proceso de desarollo del cédigo que
presenta un foro para que profesionales de la construccién discutan el desempefio y
los requisitos del codige prescriptive™. !

FEMA apoya fimemente la adopeion de codiges de construccidn sdlidos y resistentes
a desastres. Esta hoja informativa tiene el propésite de ayudar al Estado Libre
Ascciado de Puerio Rico con la adopeion de las disposiciones de resistencia a
peligros incluidas en el Cédigo Residencial Intemnacional® {IRC, por sus siglas en
inglés) de 2018,

Trasfondo de las disposiciones para inundacion del IRC

FEMA ha considerado que las disposiciones para inundacion de los Cédigos Intemacionales cumplen o
sobrepasan los requisitos minimos del Programa del Seguro Macional de Inundacidn (NFIF, por sus siglas en
inglés). Algunas disposiciones para inundacion del Cadigo Internacional son diferentes a las ediciones de
200%. Esta hoja informativa describe los cambios en las dispesiciones para inundacién seleccionadas entre
las edicicnes de 2008, 2012, 2015, 2018 del IRC.

ElIRC apllca a la WI'\EITUG:I-DI'\ I i imi expanslun 3, T iGn, equipo, uso y

o recogido y ician de viviendas ur ¥ i il das y casas
adosadas (fownhouses) de no mas de tres pisos sobre el suelo, en alturas con un medic separado de salida
¥ sus estructuras adjuntas”.

La mayoria de los requisites para inundacidn del IRC aparecen en el Capitule 3 (Planificacion para
Construccion) y Capitulo 4 (Cimientos).

Los requisitos para ir ian también ap en los sigui capitulos: 1 (Administrativa), 2
(Definiciones), 13 (Requisitos generales del sistema mecanico), 14 (Equipo de calefaccidn y aire
acondicionada), 16 (Sistemas de conductos), 17 (Aire de combustién), 20 (Calderas y calentadores de
agua), 22 (Sistemas espec:ales de tuberia y al iento, 24 (Gas oc i 26 (Requisitos

les de pl 127 (A ios de ph fa), 30 (Drenaje sanitario} y 31 (Rejillas de ventilacidn) Las
dlsstlclones para inundacion aparecen en los siguientes apéndices: Apéndice E (Casas prefabricadas

usadas como vivienda), Apéndice G (Albercas, spas y jacuzzis) y Apéndice J (Edificios y estructuras
existentes).

Acceso al IBC, al IRC y ofros recursos
Fuede encontrar versiones gratis del IBC y del IRC en:
= |BC de 2009 bfips.icodes jccsafe orgfpyblic’d i i 745

= |BC de 2012 hiips.Vcodes icosafe org/public/d WIBC201

= |IBC de 2015 https:iicodes.iccsafe org/public/document/toc!542/
= |BC de 2012 hitps.iicodes.iccsafe org/public/document/IBC2012
= IRC de 2008 hit codes.iccsafe org/public/document/details foc/T54
= IRC de 2012

" Introguccion al Cédigo de Construccion de Puerto Rico de 2011

Dispociolonss para Inundaclonss del IRC de 2008 - 2018 Mayo de 2818 Pagina 1
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Puerto Rico Recovery Advisories
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Rooftop Equipment ¥ (EN
Muinte‘r)mnlcegnd a FEMA
Attachment in High-Wind Regions

* RA-1 Rooftop Equipment Maintenance
and Attachment in High-Wind Regions

Safe Rooms and Storm & sma |-~ | Siting Design, and Construction
Shelters for Life-Safety Protection =zi  in Coastal Flood Zones % FEMA
from Hurricanes .

* 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 FIood | mimingrionivamase ™~ | Erotocting Windowsaed @ susa
. . to Existing Structures - .
Damage to Existing Structures e — iR s ey

* RA-5 Protecting Window and Openings in
Buildings

= Repair and Replacement ¥ FEMA T e
~=| of Wood Residential Roof SIS

=| CoveringSystems v
= e —memm

L o LI

* RA-6 Repair and Replacement of Wood
Residential Roof Covering Systems

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

& FEMA — :
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RA-2 Siting, Design, and Construction in Coastal
Flood Zones

Hurricanes Irma and Maria in Puerto Rico Mitigation Assessment Team Report

Ubicacidn, disefio y construccion
en zonas de inundacion costera

Propdsito y piblico al que va da la informacion
El propésita de este boletin informative es discutir |3 pricticas de

Siting, Design, and Constructlon
in Coastal Flood Zones

HU

ICANES IRMA AND MARIA IN PUERTO RICO

Purpose and Intended Audience

The purpaose of this advisory is to discuss siting, design, and
construction practices in Coastal Flood Zones including Coastal A
Zones, where wave and flood conditions during a floeding event
will be less severe than in v Zones but can still cause significant
damage to foundations and buildings [Figure 1). The authors

ubicacién, disefia y construccian en las Zonas de Inundacién Costers,
incluyends fas Zonas Costeras A, donde las condiciones de olaz &
inundacian durante un evento de inundzcién serin menas severzs que en
las Zonas V, pera aiin pueden causar dfios significativos  los cmientos y
o edificios [Imagen 1). Los autores prevén que los funcionarios de Puerto

Rico afiadirén a las requisitos existertes de los cidigos de construccian que
las edificios ubicades en una Zona Costera A reciban el mismo trato que los
deta Zona V.

anticipate that Puerto Rico officials will add to existing building
codes requirements that buildings located in a Coastal & Zone be
treated the same as those in the V Zone.

. y R . . El pibfico al que se dirige este documenta incluye 2 duefios de edificios y
The intended audience for this document includes building profesionales del diseo que estin planificando nuevos proyectos de

owners and design professionals who are planning new building construccion o de reconstruccién en zonas eosteras, asi como

or rebuilding projects in coastal areas, as well as floodplain Figurs 1. Faiturs of structure suject to surge, waves, and de valles de i i dels
and ¢ involved in developing and ™™

enforcing building codes and ordinances in coastal floodplains.

imogen 1 Failo de Jo estructurs sujets o olegje, olas p erosion.

¥
comunidad que participan en ks elaboracion y aplicacion de los codigos y las
ordenanzas de construccin en los valles de inundadién costeros.

Amenos que se indigue lo contrario, todas las fotografias son de las
observaciones del Equipo de Evaluacian de Mitigacion (MAT, par sus sigls
&n inglés) de FEMA en Puerta Rico después de los huracanes Irma y Maria

Unless otherwise noted, all photographs are from FEMA
Mitigation Assessment Team (MAT) observations in Puerto Rico
following Hurricanes Irma and Maria in 2017

en 2017.
Key Issues Asuntos claves
*  Correct design and construction practices can minimize ®  Las pricticas correctas de disefo y construccion pueden minimizar
damage to buildings, particularly by elevating the building =l dafio 3 los edificios, part do el edificio sabre l2

higher than the minimum required elevation. elevacian minima requerida.

*  Una vez los niveles de inundscion sobrepasan |a elevacion del piso
mis bajo de un edificio, el alcance de bos dafios auments
considerablemente, especialmente en dress sujetas a olesje
costeras [Imagen 2).

» Once flood levels exceed the lowest floor elevation of a
building, the extent of damage increases dramatically,
especially in areas subject to coastal waves [Figure 2).

* Foundations in coastal areas should be designed to elevate
buildings above the Design Flood Elevation (DFE) in
accordance with American Society of Civil Engineers
Standard for Flood Resistant Design and Construction FEMA MAT: have many instances of

. Imagen 2. Estructura con dofos severos en Jo Zona Costera
deben ser di para elevarlos  ge punto Santiogo.

Figure 2. Sewerely damaged structure in Coastal Zome in ® Lo cimi
Punta Santiage. edificios sabre e nivel de i inundacién dei disefic [DFE, por sus sigias en
ingiéz], ars cumpir con el Estdndar para ol Disefio y la Construccidn Los MAT de FEMA han observado muchos Gsos de
stant : _ Resistente a nundaciones de Ia Sociedad Americana de Ingenieres | afio: por olas pequefias debido 3 laz condiciones de
(ASCE 24-14, 2014], while withstanding flood forces, high Gamage from small waves consistent with Cosstal Civiles [ASCE 24-14, 2014), mientras resisten kas fuerzas de: Ia Zona Castera & a lo larga de las costas de lax
winds, scour and erosion, and floating debris in Mini AZone ions zlong inundadion, los vientos fuertes, el desgaste y la erosion, y los comunidades sfectadas par el hurscin Maria.
Design Loads and Associgted Criteria for Buildings and impacted by Hurricane Maria. escombros flotantes en las Cargas Minimes def Disafia y Criterios
Other Structures (ASCE 7-16, 2017). Reigcionodes pars Edificios y Otras Estructuras [ASCE 7-16, 2017).
*  Los cimientos utilizados para la construccion tiera adentro, por lo general, no son adecuados pars la construccin costers.
Algunos ejemplos de sistemas de cimientos que tienen un historial de bajo rendimiento en dress propensas a 3 erosion son
losas de cementn sobre el terreno, zapatas aisladas y cimientos superficiales (o flotantes).

* Foundations used for inland construction are generally not suitable for coastal construction. Some examples of
foundation systems that have a history of poor performance in erosion prone areas are skab-on-ground, spread
footings, and mat (or raft) foundations. .

®  En las Zonas V y Zonas Costerss A, deben utilizarse cimientos sbiertos (pilotes o pilares) disefizdos para resisti todas las

#  Open foundations (pile or pier) designed to resist all base flood conditions, including waves, high velocity flow, condiciones de inundacion base, como kas olas, el flujo de slta velocidad, la erosion y el desgaste, y los escombros arrastrados
ergsion and scour, and flood-borne debris should be used in v and Coastal & Zones. por las inundaciones.

»  Land purchase and siting decisions for buildings should take into consideration the long-term impacts of storm ®  Las decisiones sobre |a compra de tierras y la ubicacion de los edificics deben tomar en cuenta los impactos 3 large plaze de la
surge, waves, and erosion and not be based only on the present-day shoreline location and conditions. marejada, las olas y Ia erosién, y no deben basarse dnicamente en la ubicacién y las condiciones actuales e ka costa.

Sting, Duasign, and Construction i Coastal Flood Zonss PR-RAZ | April 2018 Page 10 10 Uliicacitn, disefie y constiuceibn en 2onas de inundadin costers USVERAZ | Abril de 2018 Piging 1 de 10
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Beach Erosion - Report

Studied areas
e Cofresi, Rincon, PR (west coast)
e E|l Mani, Mayaglez, PR (west coast)
e Playita Cortada, Santa Isabel, PR (south coast)
e Bahia de Jauca, Santa Isabel, PR (south coast)
e Punta Santiago, Humacao, PR (southeast coast)
e La Boca, Barceloneta, PR (north coast)
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Jrricane
aria Wind
ndcast

Maps of wind speed and
direction at 10 meters above
ground level when Hurricane
Maria was close to the
selected CARICOQOS
meteorological stations.
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Hurricane Maria Wind Hindcast s
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Model-Data Comparison at Isla Culebrita
Wind speed and direction at 10 meters
Gray Panels = Night White Panels = Day
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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.
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Hurricane Maria Wave Hindcast

18.7 Maximum simulated significant wave height (Hs, ft) for Hurricane Maria

18.6

18.5

as /mﬁMMa Ly

L

Pueblo’™® &
18.3 (, -

18.2

18.1

18

P
Roj
! \ﬁ\fyco Pénpe.‘

17.9

17.8

.
%,

17.7
-67.5 -67 -66.5 -66 -65.5

Longitude

20




Latitude

Hurricane Maria Wave Hindcast

Maximum simulated wave power density (kW/m) for Hurricane Maria
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Hurricane Maria Wave Hindcast
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Hurricane Maria Wave Hindcast
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Puerto Rico Building Code 2018

Number:___9049
Date: ___ November 15,2018
Approved , Hon, Luis G. Rivera Marin
Secretary of State

>

Minimum Design Loads and
Associated Criteria for
vy Buildings and Other Structures

Department of State

B;

Permits Management Office (OGPe-DDEC)
Departament of Economic Development and Commerce

Puerto Rico Codes 2018

ASCE/SEI

24-14

ASCE STANDARD

Flood Resistant
Design and
Construction

« Puerto Rico Building

+ Puerto Rico Residential C
* Puerto Rico M

+ Puerto Rico Plumbing C

s Puerto Rico Fire Co

+ Puerto Rico Fuel Gas C

This document uses both the
International System of Units (SI)
and customary units

STRUCTURAL
ENGINEERNG
INSTITUTE

38
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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
g, Siting, De;igning,
principles _aﬂd ; idential guildings . C D ) R O M
Const e aroas (Fourth Et - GO .
in : | / August 2011 e q u atl O n
FEMA p-5S / Volume
calculator

-39


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

FEMA Residential Coastal Construction
Course Overview

Unit Title
I Introduction and Course Overview
I Overview of Building Design Concepts
Il Identifying Hazards
IV Siting
V  Using Flood Hazard Information

Design and Construction of Elevated Buildings

v (Wind, Seismic, Building Envelope)

Design and Construction of the Foundation
VIl (Flood Loads and Conditions, Load
Combinations)

VIII  Other Issues (Utilities, Decks, Slabs, etc.)

¥, FEMA

Related CCM
Chapters

1,2
3,6, 7
3
4
3,56

8,9 11

8,9, 10, 13, 14

9,12, 14, 15



Design Framework

Risk Tolerance

Building Use
e | ayout
Design Premise Design ¢ Funclic
Anticipated loads * Continous load paths :
must be transferred Location
through the building * Resist or avoid e Hazards
in continuous paths hazards e L oads/conditions
to the supporting L . ¢ e Regulations
soils. Any . Condutlops greater . BuiQI, ding codes
weaknesses in than ggslgn and standards
the continuous conditions
paths are potential e Constructabilit :
points of failure d Matenials
e Durability
e Appearance
* Maintenance

Successful Building

g' FEMA I1-41



Avoid Flood (Especially Waves)

Damage due to
wave and flood
loads on building

’1 Bottom of lowest g é é é é é
/ horizontal member

o R S S

—
7

/‘\ Damage due to

— wave and flood loads

Flood Depth
(including wave height)

r on foundation
| [ l ZaN R/
0 100 & »
Percent of Building Damage

@ FEMA 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

Hyperpendiculartoshore, AL
primary wave
direction

'& FEMA 11-43

e



Elevation

 Freeboard,

usually expressed DFE
In feet above the h 4
BFE, is building FreeboardI BFE
additional v

elevation above
the minimum NFIP
requirement

* Freeboard can be
mandated by a
State or
community

Q@ﬁﬂlaln I1-44



Design Flood Elevation (DFE)

DFE = Locally adopted regulatory flood
elevation

If community regulates to minimum NFIP
reguirements:

« DFE = BFE
If community exceeds minimum NFIP
reguirements:

 DFE > BFE

DFE > BFE

FEMA P-55 and codes
. « Use DFE as minimum elevation for flood-
¥ FEMA  ragjstant design and construction "



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

Reference:

=

AMERICAN INSTITUTES FOR RESEARCH*

Evaluation of the
National Flood Insurance Program’s
Building Standards

Christopher P. Jones, William L. Coulbourne,
Jamie Marshall, and Spencer M. Rogers, Jr.

Christopher Jones ﬁ_ri:J Associates

https://www.fema.gov/media-library-data/20130726-1602-20490-5110/nfip eval building standards.pdf

¥ FEMA

11-46


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

@' FEMA 11-47



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

¥ FEMA 148



Open Foundations

._oso.ovogwaa,gpupez
58500 a05 o

Concrete
Grade Beam

Poured

Concrete
Column

+— Timber/Steel

Pile

Vil

FEMA

aﬂ)‘«\'w:
Gip s

| o.u
%
e



Closed Foundations

Closed foundations are not recommended

In Coastal A Zones and are not allowed In
Zone

Concrete Masonry

Units (CMU) Soil at Same
Level as
Exterior Ground
% 2
e | 3 i 85 ol
5
A X2
£ R
A i Concrete—* "3 B l
o Yoo
i 2 Pad X I “ I [l
Ground B Ground ——t——fS e )
Level cvor G Level PV os Soves S NeNG e froves oven o
“-Flood Vents
.f“';m‘d\%c
¥ FEMA

VII-50




Foundation Failures

P
=1 0




Hurricane lke, 2008, Bolivar
Peninsula, TX

Foundation Failures

Hurricane Sandy, 2012, Normandy Beach, NJ




Foundation Failures

Hurricane Maria, 2017, Hurricane Maria, 2017,
Rincén, Puerto Rico Joyuda, Puerto Rico

GEAET

& FEMA VII-53



Foundation Failures

-.==!!g!|u||llll"

Hurricane Maria, 2017,
Rincon, Puerto Rico

T
s
=g FEMA
X

Hurricane Maria, 2017,
Joyuda, Puerto Rico

VII-54



Flood Loads

« Magnitude of load Bugﬁggwxgelg:él[vmica.wmd Wind
* Location of load application on Dot
structure borns viscaees . D IVemca' o
 Future loads are applied to . - Hortonal sskmic
structures as follows: .
Lateral hydrostatic loads: at sumater sevation AP
two-thirds depth point of i i
stillwater elevation e
Breaking wave loads: at Qo ELAr
stillwater elevation I*— Rt
Hydrodynamic loads: at mid- ! = Existing ground
depth point of stillwater ‘ o
elevation |

Debris impact loads: at
@ siillwater elevation Vilss
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