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Reglamentos de Edificación

1967

PR 1967 – Requisitos mínimos para 
terremotos y huracanes. Los edificios 
no eran dúctiles.

1987

PR 1987 – Requisitos mayores y 
detallados que proveían ductilidad a 
los edificios.

1998

Adopta Código de USA, Uniform 
Building Code. Incluye mapas de riesgo 
sísmico por Municipios.

2011

Adopta Código USA, International 
Building Code. Incluye mapas de riesgo 
sísmico por Municipios más estrictos.

2018

Adopta Código USA, International 
Building Code (Requisito de FEMA por 
Fondos Federales Huracán María).
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EQ LOADS COMPARISON

• LOADS APPLICABLE TO 
SCHOOLS ARE 8 TIMES 
LARGER WHEN 
COMPARED TO 1954

• LOADS ARE 3.2 TIMES 
LARGER WHEN 
COMPARED TO 1968.

• LOADS ARE 2 TIMES 
LARGER WHEN 
COMPARED TO 1987.

PORTICUS CSP - Resiliencia de Puerto Rico con Respecto a Desastres de Construcción 3



Elastic vs. Inelastic Response

• The red line shows the force and 
displacement that would be reached 
if the structure responded elastically.

• The green line shows the actual 
force vs. displacement response of 
the structure

• The pink line indicates the minimum 
strength required to hold everything 
together during inelastic behavior

• The blue line is the force level that 
we design for.

• We rely on the ductility of the system 
to prevent collapse.
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American Society of 
Civil Engineers
REPORT CARD

2021
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Resilience for Existing
Construction?
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Design and Construction Codes
The damage caused by Flooding, Hurricanes, Earthquakes and Tornadoes 
are address by the engineering communities by improving codes and 
regulations.
• For each catastrophe:

• Funds are release (government and private) and extensive research is launched in 
the Universities to investigate the failures. 

• Papers and research are published.
• Code committees evaluate the research and decide whether to incorporate the 

findings into the next Code cycle or governmental regulations.
As an example, due to the damage cause by the 2010 Chilean Earthquake, 
multiple research was launched, and the results were evaluated and 
incorporated in the American Concrete Institute ACI 318-19 Building Code 
requirements for Concrete Buildings.
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National Construction Safety Team
• The National Construction Safety Team Act (H.R. 4687), signed into law 

October 1, 2002, authorizes the National Institute of Standards and 
Technology (NIST) to establish investigative teams to assess building 
performance and emergency response and evacuation procedures in 
the wake of any building failure that has resulted in substantial loss of life or 
that posed significant potential of substantial loss of life.
• The NCST Act gives NIST the responsibility to dispatch teams of experts, 

where appropriate and practical, within 48 hours after major building 
disasters. Under the law, the NIST Director, in consultation with the U.S. Fire 
Administration and other appropriate federal agencies, maintains a 
standing advisory committee of as many as 12 persons to advise him or 
her on carrying out the Act, and to review procedures and reports issued. 
The panel is known as the National Construction Safety Team (NCST) 
Advisory Committee.
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Notorious Investigations
• Champlain Towers South Collapse (On going $22 million cost)
• Hurricane Maria
• Joplin Missouri Tornado 2011
• World Trade Center

“Since 1969, NIST has investigated about 40 earthquakes, hurricanes, 
building and construction failures, tornadoes, and fires—all with the ultimate 
aim of identifying improvements in codes, standards, practices, and 
technologies.”
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What about the existing 
buildings and 
infrastructure?

NOTHING!



Tornadoes, 
anyone?

According to the National Institute of 
Standards and Technology (NIST), roughly 
1,200 tornadoes occur in the US each year! 
AND they occur in all 50 states, but primarily in 
the lower 48 and east of the Rocky Mountains. 
Given that tornadoes kill more people per 
year in the U.S. than hurricanes and 
earthquakes combined, ASCE's Structural 
Engineering Institute revised the ASCE 7 
Standard for Minimum Design Loads and 
Associated Criteria for Buildings and Other 
Structures in hopes that it will be adopted into 
the 2024 International Building Code.
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Millions of Americans live in tornado prone areas
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Millions of Americans live in tornado prone areas
2018 International Existing Building Code (IEBC) 
• Require tornado shelters in additions to school bldgs. in 250 mph zone
• Requirements for shelter capacity and travel distance
2018 International Building Code (IBC) 
• Require tornado shelters in new buildings at existing schools in 250 mph 

zone
• Requirements for shelter capacity and travel distance
• Require designated community storm shelters to be Risk Category I

ASCE 7 -2015
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Finally, some action…
• The new ASCE 7 created Chapter 32 to address the calculation of 

tornado loads. However, it is important to recognize that wind loads still 
must be calculated following the requirements in Chapter 30. Chapter 32 
is required for Risk Category III and IV buildings only! This covers essential 
facilities — such as hospitals and emergency response facilities — that 
need to remain operational in the event of extreme environmental 
loading. These buildings are required to maintain functionality after a 
design-level tornado. 

• Note that functionality is not synonymous with a Safe Room or Storm 
Shelter, which are intended to provide near absolute protection in 
extreme wind events. FEMA developed a separate document for Safe 
Rooms and Storm Shelters, which rise well above the level of requirements 
of ASCE 7-22.
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City of Los Angeles

19

Earthquake Retrofit ACTION!!!
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LADBS (Department of Building & Safety)
Mandatory Retrofit Programs

• The City of Los Angeles recently passed Ordinance 183893, which requires 
the retrofit of pre-1978 wood-frame soft-story buildings and non-ductile 
concrete buildings. The goal of the mandatory retrofit programs, under 
the ordinance, is to reduce these structural deficiencies and improve the 
performance of these buildings during earthquakes. Without proper 
strengthening, these vulnerable buildings may be subjected to structural 
failure during and/or after an earthquake
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LADBS (Department of Building & Safety)
Mandatory Retrofit Programs
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The property owner must comply with the ordinance within the following time limits:

From the receipt of the Order to Comply:

• 3 years: Submit completed checklist for review to determine if building is a non-
ductile concrete building

• 10 years: Submit proof of previous retrofit, or plans to retrofit or plans to demolish 
building

• 25 years: Complete construction

LADBS is currently in the process of identifying the concrete buildings subject to the 
retrofit ordinance.

Any concrete building, as defined in the retrofit ordinance, and built pursuant to a 
permit application for a new building that was submitted before January 13, 1977 is 
subject to the retrofit ordinance whether the building has been identified by LADBS 
or not. 



What does retrofit look like?
• The Los Angeles Department of Building and Safety has identified 12,820 

soft story buildings and 1,218 concrete buildings that are in need of retrofit.
• The retrofit process begins the same for both soft story and non-ductile 

concrete buildings.
• Properties either have already received (between May 2016 and November 2017 for 

soft story) or will soon receive a notice from the city requiring a structural analysis. This 
must be conducted by a licensed civil or structural engineer or architect.

• If the analysis indicates that seismic retrofit is required, the building must be structurally 
altered to meet LA’s standards.

It is unlawful for any person, firm, or corporation to maintain, use, or occupy 
a building that has not completed its retrofit in the time designated.
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University of Puerto Rico

Informal housing 
construction
INITIATIVE
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Casas en columnas
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Reparación
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Conclusions
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Therefore, 
We 
need…

PORTICUS CSP - Resiliencia de Puerto Rico con Respecto a Desastres 
de Construcción

• Greater commitment to DURABILITY in 
education, design and construction.

• Educate students, practitioners, Banking 
industry, Insurance Industry and owners 
on BUILDING RETROFIT AND 
PRESERVATION.

• Educate students, practitioners and 
government on INFRASTRUCTURE 
RETROFIT AND MAINTENANCE.
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Achieving RESILIENCE is a call to arms!!!
To achieve RESILIENCE , improve our quality of life and strengthen our 
international competitiveness, we need a strategic and holistic plan from 
our architectural and engineering education, practice, owners to renew, 
modernize, and invest in our existing buildings, housing and infrastructure. 
This plan should make basic maintenance a centerpiece as we improve our 
legacy systems. 
Importantly, policymakers must understand we are only as strong as our 
weakest link — if we become homeless, if our essential facilities fail, if our 
roadways become too rough to travel, if our bridges close to heavier traffic, 
or if our levees protect one community at the expense of the one next door, 
our Country and economy grinds to a halt. 
We all pay the price.
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The road to PUERTO RICO RESILIENCE 
is uphill, 

hard,  
and full of obstacles…

Let us be inspired by programs like the City of Los Angeles 
retrofit initiative….

LET US BEGIN!!!!!
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Thanks!
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