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FOREWORD 

RAISING PUBLIC AWARENESS CONCERNING GEOLOGIC RISKS

Opening remarks of the Honorable Alejandro Santiago-Nieves, Secretary of 
the Department of Natural Resources of the Commonwealth of Puerto Rico, 
at the opening session of the Third Annual Workshop on Geologic Hazards 
in Puerto Rico, held at the Caribe Hilt on Hotel, San Juan, Puerto Rico, 
Wednesday 14 May 1986.

It is my privilege to welcome the participants in this annual workshop 
once again in the name of the Honorable Rafael Hernandez Colon, Governor of 
Puerto Rico. The Governor would like you to know that he continues to support 
the several programs related to mitigation of natural hazards, including 
earthquakes, floods, hurricanes, and landslides. I know that he would have 
liked to welcome you personally, but there are many competing demands for his 
time, and he begs to be excused this morning. In view of our experiences 
during the past year, the Governor is very conscious of the need for this kind 
of conference to help raise the awareness of the people of Puerto Rico to the 
ever present possibility of natural disasters. He has directed that all the 
agencies involved with planning and emergency preparedness join forces to that 
end.

I want to express my gratitude to Dr. Walter Hays of the U.S. Geological 
Survey (USGS) for his effort in arranging this conference, and to the members 
of the Steering Committee, including the Federal Emergency Management Agency 
(FEMA), the University of Puerto Rico, and the staff of my Department of 
Natural Resources.

The year 1985 witnessed a number of major natural disasters, which served 
to remind us of the fact that even when they occur at a great distance from 
urban centers, such events can have severe impacts on human settlements. 
First, there was an earthquake in Chile in March. In May, Puerto Rico 
suffered severe floods. In September, a seismic event on the west coast of 
Mexico generated tremendous damage in the metropolis over 200 miles away. In 
October, unusually heavy rains were responsible for a rockslide in Ponce that 
claimed almost 100 lives. In November, a volcanic eruption in Colombia caused 
floods and mudflows that took several thousand lives. The people of Puerto 
Rico responded with generous assistance to all those events.

After the Mameyes rockslide and other events associated with the extra 
ordinary rainfall of the first week in October, we built upon our previous 
experiences to assure that the FEMA's Regional Interagency Hazard Mitigation 
Report would involve the major local agencies as well as Federal 
representatives. The Planning Board and the Department of Natural Resources 
became directly involved in that effort, particularly in the working sessions 
of the Interagency group that formulated the statement of problems and 
recommendations. As a result, I believe that the report and it 
recommendations will produce major benefits for Puerto Rico and its people.

The major element, of course, was the impetus to undertake the landslide 
inventory that was recommended by last year's geologic risk workshop. After 
sending several specialists to Puerto Rico to observe the nature and extent of 
landslide activity, the USGS has assigned funds for this important activity,



and the Department of Natural Resources as submitted a proposal for the work 
that is required to produce an island-wide inventory of landslide areas and of 
areas that may be susceptible to future landsliding. The efforts will require 
at least five years to complete, even with the cooperation of the University 
of Puerto Rico.

Another result of the FEMA Interagency Hazard Mitigation Report has been 
a revision of the Puerto Rico Flood Hazard Mitigation Plan which was first 
prepared in 1980. This has required the modification of our Coastal Zone 
Management Program task related to coastal hazards. The island-wide hazard 
mitigation plan has now been modified in accordance with the FEMA report, so 
that they will be come appendages to the global plan, with greater detail for 
each affected area.

The experience we have obtained from these exercises has spurred us to 
expand our public education program. This year, the five weeks from the 
beginning of May to the first week in June have been dedicated to education 
concerned with environmental quality, health, and natural resources. As you 
can observe in the program available for distribution, we are trying to 
combine several aspects of public education in this activity, including both 
this conference on geological hazards and our conference on hurricane 
preparedness during the first week in June. Dr. Neil Frank, the Director of 
the National Hurricane Center, will be the principal speaker at the conference 
on June 5, 1986. I extend a cordial invitation to all of you to attend that 
important event.

One of my primary concerns is how to promote public awareness of the 
potential natural hazards and what each individual and family can do, at 
little or no expense, to protect lives and property. This is not a task for a 
single agency. Every agency of the Government has a role to play in that 
effort. In addition, we are reaching out to the private sector, for every 
businessman and plant manager has an interest in the matter, both to protect 
corporate property and the health and safety of employees and to assure that 
the minds of employees are relieved of concern about their homes and families 
while they are at work. We will be reaching out to insurance companies, as 
well as to the Chamber of Commerce and the Manufacturers' Association, both to 
provide them with vital information and to enlist their assistance and 
sponsorship in the effort to reach all sectors of the population.

I hope your conference will be successful and look forward to my 
appearance on Friday with the Honorable Patria Custodio, Chairman of the 
Planning Board.

11



PROLOGO

CREANDO CONCIENCIA EN EL PUBLICO SOBR£ RIESGOS GEOLOGICOS

Comentarios del Honorable Alejandro Santiago Nieves, Secretario del 
Departamento de Recursos Naturales del Estado Libre Asociado de Puerto 
Rico, en la reunion de apertura del Tercer Taller Anual sobre Riesgos 
Geologicos en Puerto Rico,ofrecido en el Hotel Caribe Hilton, San Juan, 
Puerto Rico, el dia miercoles 14 de mayo de 1986.

Me complace mucho darles la bienvenida de nuevo a ustedes, los participantes 

de este taller anual, en nombre del Honorable Rafael Hernandez Colon, Gobernador 

de Puerto Rico. El senor gobernador desearia hacerles participes de su continuado 

apoyo a los distintos programas relacionados con la mitigacion de peligros 

naturales, del tipo de terremotos, inundaciones, huracanes y derrumbamientos.

Es de mi conocimiento personal que al senor gobernador le hubiese complacido 

el poder darles la bienvenida personalmente, pero debido a compromises previos 

ruega ser discuplado en esta reunion. Dada nuestras experiencias durante este 

ano pasado, el senor gobernador esta muy conciente de la necesidad de este tipo 

de conferencia que ficilitan el crear conciencia en el pueblo puertorriqueno 

sobre la perenne posibilidad de que ocurra algun desastre natural. El senor 

gobernador ha ordnado que todas las agencias conectadas con la planificacion y 

preparatives de emergencia aunen sus esfuerzos en un fin comun.

Desearia expresar mi agradecimiento al doctor Walter Hays del Servicio 

Geologico de los Estados Unidos por haber organizado esta conferencia. De igual 

modo, desearia agradecer a los miembros del Comite Timon, incluyendo a la Agencia 

Federal de Manejo de Emergencias, a la Universidad de Puerto Rico y a los miembros 

de mi Departamento de Recursos Naturales.

El ano 1985 fue testigo de numerosos desastres naturales, lo que nos 

recuerda que aun dado el caso de estos desastres ocurran a grandes distancias 

de centres urbanos, este tipo de evento puede tener efectos perjudiciales a los 

asentamientos humanos. Primero, Chile experminto un terremoto en marzo. En Mayo, 

Puerto Rico se vio afectado por inundaciones serias. En septiembre, un evento 

sismico a lo largo de la costa occidental de Mejico genero dafios enormes en la 

metropoli, ubicada a una distancia de 200 millas. En octubre, lluvias torrenciales 

ocasionaron un derrumbamiento en Ponce a un costo de 100 vidas. Y en noviembre
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una erupcion volcanica en Colombia ocasiono inundaciones y flujos de fango, 

lo cual represents la perdida de miles de vidas. El pueblo puertorriqueno 

respondio generosamente a estos eventos, especialmente a los dos mas cercanos 

a el: Ciudad de Mejico y Ponce.

Luego de las experiencias del derrumbamiento de Mameyes y de otros 

eventos asociados con los llubias excesivas durante la primera semana de 

octubre, no aseguramos ahora que el Informe Interagencial Regional de FEMA 

sobre la Mitigacion de Riesgos incluyese a las principales agencias locales, 

al igual que a representantes federales. La Junta de Planificacion y el 

Departamento de Recursos Naturales se vieron envueltos directamente en este 

esfuerzo, particularmente en las sesiones de discusion del grupc interagencial, 

el cual formulo el planteamiento de los problemas y las recomendaciones. Como 

consecuencia, creo que el Informe y sus recomendaciones producirs mayores 

beneficios para Puerto Rico y para su gente.

El componente principal, por supuesto, fue establecer el Isputu necesario 

para llevar a cabo el inventario del derrumbamiento, el cual fue recomendado 

por el taller sobre riesgos geologicos del ano pasado. Luego de habor enviado 

varies especialistas a Puerto Rico con el fin de observar la naturaleza y el 

alcance del derrumbamiento, el Servicio Geologico asigno fondos para esta 

importante actividad. Por otro parte, el Departamento de Recursos Naturales ha 

sometido una propuesta en la cual se estipula el tipo de trabajo que seria 

necesario para producir un inventario para toda la Isla en areas de derrumba­ 

miento y en areas que pudiesen ser susceptibles a unos derrumbamientos futures.

Otro resultado del Informe Interagencial ha sido la revision del Plan de 

Mitigacion de Riesgos de Inundaciones de Puerto Rico, el cual fue redactado en 

1980. Esto ha requerido la modificacion de nuestra tarea relacionada con los 

riesgos costaneros del Programa de Manejo de la Zona Costanera. El Plan de 

Mitigacion a nivel de la Isla ha sido modificado de acuerdo al Ir.forme de FEMA. 

Un nuevo sistema esta siendo disenado para los planes de mitigacion de riesgos 

de las inundaciones locales a fin de que se conviertan en anexos al plan global, 

ofreciendo asi, informacion mas detallada para cada area afectada.
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La experiencia obtenida de estos intentos nos hamotivado a expandir 

nuestro programa de educacion publica. En este ano, las cinco semanas 

comprendidas de principles de mayo a la primera semana de junio ban sido 

dedicadas a la educacion publica, tocando temas como lo son la calidad del 

ambiente, la salud, y los recursos naturales. Como prodra observar, en el 

programa disponible para distribucion, estamos tratando de combinar varios 

aspectos de la educacion publica en este programa incluyendo a ambos, este 

conferencia sobre riesgos geologicos y nuestra conferencia sobre preparatives 

contra huracanes en la primera semana de junio. El doctor Neil Frank, Director 

del Centre Nacional de Huracanes, seria el orador principal en la conferencia 

del 5 de junio de 1986. Deseo extenderles una invitacion cordial a todos 

ustedes.

Uno de mis preocupaciones primordiales ha sido como fomentar la conciencis 

publica sobre posibles peligros naturales y los que cada individuo y familia 

puedenhacer, a un costo minimo, para salvaguardar sus vidas y propiedades. 

Esto no es una tarea para una sola agencia. Cada agencia del gobierno tiene 

un rol que desempenar en este esfuerzo. Ademas, estamos haciendo un llamado 

al sector privado, ya que cada hombre o mujer de negocios ycada gerente de 

planta fisica tiene un interes real en este asunto, no tan solo para poder 

proteger la propiedad de la empresa sino tambien para poder proteger la salud 

y seguridad de los empleados, y para asegurar la tranquilidad de estos en cuantc 

a la proteccion de sus viviendas y familias mientras ellos de desempenan en sus 

labores. Nos acercaremos a companies de seguros, al igual que a la Camara de 

Comercio y a la Asociacion de Industriales para ofrecerles informacion de 

vital importancia y para solicitar su ayuda y auspicio en este esfuerzo de 

tratar de alcanzar a todos los sectores de la poblacion.

Mi deseo es que su conferencia sera exitoa y anticipo entusiasmado mi 

aparicion el viernes junto a la Honorable Patria Custodio, Presidente de la 

Junta de Planificacion.
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PREFACE

Puerto Ricans face the threat of life, injuries, and social and economic 
impacts from the recurrence of a large, damaging earthquake such as the one 
that occurred on October 11, 1918, near Mayaguez, Puerto Rico. In the 69 
years since that earthquake, the population density and the building wealth 
exposed to the earthquake threat have increased sharply; whereas, applications 
of earthquake hazards mitigation and preparedness strategies have lagged 
behind the accumulated knowledge on earthquake hazards.

The goal of this publication, a permanent record of the third workshop 
held in 1986 on earthquake and geologic hazards in the Puerto Rico area, is to 
encourage the implementation of loss-reduction measures by Puerto Ricans. 
This publication, the fifth in the knowledge utilization series of the 
U.S. Geological Survey, contains high-quality information that can be applied 
in many different ways in Puerto Rico including:

o Advocacy for public policy to deal with geologic and earthquake 
hazards in the context of other natural and man-made and 
technological hazards.

o Response planning.
o Vulnerability studies.
o Education and training programs to increase hazard awareness and 

preparedness.
o Hazard mitigation strategies (for example, seismic provisions for a 

modern building code, seismic microzonation, land-use plans, criteria 
for design, construction, and review of critical facilities including 
community lifeline systems, and guidelines for retrofit and 
strengthening of existing structures and facilities).

o Agendas for future research to close gaps in knowledge that presently 
limit applications.

We commend Puerto Rico for its achievements. We believe that Puerto Ricans 
are now in a strong position and are capable of carrying out all of these 
applications and others during the next 5-10 years.

Richard Krimm Walter Hays
Federal Emergency Management Agency U.S. Geological Survey



BACKGROUND AND SUMMARY FOR 
WORKSHOP ON "ASSESSMENT OF GEOLOGIC HAZARDS AND RISK IN PUERTO RICO"

by

Walter W. Hays and Paula L. Gori
U.S. Geological Survey
Res ton, Virginia 22092

INTRODUCTION

Seventy earth scientists, engineers, planners, emergency management 
specialists, and public officials participated in a 2-day workshop on 
"Assessment of Geologic Hazards and Risk in Puerto Rico." The workshop, 
convened under the auspices of the National Earthquake Hazards Reduction 
Program (NEHRP), was held in San Juan, Puerto Rico, on May 14-16, 1986. The 
sponsors of the workshop were the Puerto Rico Department of Natural Resources 
(DNR), the Puerto Rico Planning Board, Puerto Rico College of Engineers, 
Puerto Rico Geological Survey, the Federal Emergency Management Agency (FEMA), 
and the U.S. Geological Survey (USGS).

This workshop was the third in the Commonwealth of Puerto Rico and the thirty- 
sixth in a series of workshops and conferences throughout the Nation that the 
USGS has sponsored since 1977, usually in cooperation with FEMA, the lead 
agency in the NEHRP. The two prior workshops in Puerto Rico were held in 
April 1984 and May 1985. Each past workshop sponsored by USGS and FEMA had 
two general goals: 1) bringing together participants having experience in the 
production and use of knowledge of the earthquake hazards of ground shaking, 
surface fault rupture, earthquake-induced ground failure, regional tectonic 
deformation, and where applicable, tsunamis and seiches, and 2) strengthening 
new and ongoing activities in the State, Commonwealth, or region to mitigate 
losses from earthquake hazards. This workshop had the same general goals as 
in the past, but it also had new goals:

1) To build on the plans, information and research networks and support
systems, and high levels of knowledge, concern, and commitment developed 
in 1985 as a consequence of the seminar at Mayaguez on "Fundamentals of 
Earthquake Engineering" (convened by Earthquake Engineering Research 
Institute with sponsorship by the National Science Foundation and the 
Office of Foreign Disaster Assistance of the Department of State) and the 
workshop on "Reducting Potential Losses from Earthquake Hazards" (convened 
by USGS/FEMA/DNR) at Dorado.

2) To disseminate information and preliminary research results derived from 
the September 1985 Mexico earthquake, emphasizing the relevant facts 
gathered by the Puerto Rican investigative team for incorporation into 
Puerto Rico's earthquake preparedness program.

3) To disseminate information on the October 1985 Mameyes, Puerto Rico, 
landslide disaster, emphasizing the facts that can motivate generic 
research on the landslide process and be used to improve emergency 
response planning.



4) To distill the technical and societal lessons learned from the 1985 Mexico 
earthquake and the 1985 Mameyes landslide disaster and to transfer and 
apply these lessons in planning, research, mitigation, response, and 
recovery programs currently underway in Puerto Rico.

5) To provide information for both the technical expert and the nontechnical 
decisionmaker planner implementor.

6) To strengthen the ad hoc Puerto Rican "working groups" in earthquake 
engineering, formed in 1984, as credible resources in Puerto Rico to 
foster implementation of loss-reduction measures for all types of geologic 
hazards.

ISSUES ASSOCIATED WITH THE IMPLEMENTATION OF LOSS-REDUCTION MEASURES IN PUERTO 
RICO

Information and experience gained by USGS, FEMA, National Science Foundation, 
and National Bureau of Standards since 1977 in the NEHRP have shown that the 
implementation process is as complex as any research study (Figure 1). In 
every earthquake-prone region of the Nation, including Puerto Rico, two 
principal issues impede implementation. They are:
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Figure 2. Schematic illustration of the critical elements of th earthquake- 
hazards-reduction implementation process. The flow is from top to 
bottom. Earthquake experience seems to be needed to drive the process of 
implementation in almost every community.



  Do the people have the will to implement loss-reduction measures for 
earthquakes without the occurrence of a major earthquake?

  How much more will loss-reduction measures for earthquakes cost and will 
the required money come from reprogramming or from new sources?

Experience since 1977 in the NEHRP has shown that implementation of loss- 
reduction measures tends to happen when 5 critical interrelated elements are 
present (Figure 2). Each element is described below.
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Figure 2. Schematic illustration of the critical elements of the earthquake 
hazards-reduction implementtion process. The flow is from top to 
bottom. Earthquake experience seems to be needed to drive the process of 
implementation in almost every community.



Element 1: Existence of a Technical Data Base Effective implementation in 
Puerto Rico requires explicit knowledge of the nature and extent of the 
earthquake hazards of ground shaking, surface fault rupture, earthquake- 
induced ground failure, and regional tectonic deformation in each urban area 
(Figure 3). The quantity and quality of the geologic, seismological, 
engineering seismology, and engineering data bases are the two most important 
factors that facilitate making assessments of the earthquake hazards and risk 
in a region and devising and implementing measures that will reduce potential 
losses from future earthquakes.
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Figure 3. Schematic illustration of a community facing potential losses from 
the earthquake hazards of ground shaking, surface fault rupture, 
earthquake-induced ground failure, and regional tectonic deformation. 
Every community has the capability to implement a wide range of loss- 
reduction measures to minimize the potential impacts. Decisionmakers in 
the community must decide which loss-reduction measures are most cost 
effective and take the lead in implementing them before the damaging event 
occurs. Professionals have a major role in providing credible information 
and in devising a wide range of loss-reduction measures for the 
decisionmaker to select from. Cost is the main issue.



Using the definition that an issue is defined as a question for which expert 
opinion is divided between "yes" and "no," the critical issues of 
implementation that are directly related to the technical data bases in Puerto 
Rico are:

  Can the existing data be utilized to foster implementation of loss- 
reduction measures or must the data be translated, extrapolated, or 
augmented?

  Are enough data available for implementation of loss-reduction measures?

  Are the data at the right scale?

  Can the data be extrapolated beyond the limitations of the technical data 
bases to address specific requirements of users in a reasonable, yet 
conservative manner, that provides an adequate margin of safety?

Technical data are required on three scales:

  global (map scale of about 1:7,500,000 or larger) to give the "big 
picture" of the inter- and intraplate forces.

(map scale of about 1:250,000 or larger) to define the physical
parameters and their range of values that provide a framework of 
understanding of the spatial and temporal characteristics of earthquake 
hazards in a region.

  local (map scale of about 1:24,000 or smaller) to determine the physical 
parameters and their range of values that control the local earthquake- 
resistant design requirements. Site-specific design requirements are not 
satisfied by this scale; they are based on site-specific data.

The available data must be integrated and analyzed, quantifying uncertainty as 
appropriate, to obtain explicit answers to the questions:

  Whe re have earthquakes occurred in the past? Where are they occurring 
now?

  How big in terms of epicentral intensity and/or magnitude were the past 
earthquakes? How big can future earthquakes be? Has the maximum 
magnitude earthquake ever occurred?

  What physical effects (hazards) have past earthquakes caused? What was 
their extent spatially and temporally? What was their level of severity?

  What were the causative mechanisms for each earthquake? Each hazard?

  How often (on the average) do earthquakes of a given magnitude (or 
epicentral intensity) occur? How often on the average, does ground 
shaking of a certain level occur?

  What are the viable options for mitigating the earthquake hazards expected 
to occur in the region in a 50-year exposure time (the useful life of 
ordinary buildings).



Element 2: Trained, Concerned, and Committed People Trained, concerned, and 
committed people are required in Puerto Rico to analyze the technical data 
bases, to extrapolate beyond the limits of the data, and to translate the 
basic data into maps and other products so that practical and reasonable loss- 
reduction measures can be devised. The critical issues of implementation that 
are directly related to Puerto Ricans are:

  Is appropriate training available to transfer the state-of-the-art and the 
state-of-practice to professionals?

  Can people and decisionmakers who have never experienced a damaging
earthquake be motivated to have increased concern about earthquakes and 
their effects?

  Can people who have been uncommitted in the past with respect to
implementation of loss-reduction measures be transformed into people who 
are committed to providing leadership for changing the "status quo" of 
implementation?

The Puerto Ricans who make the implementation process happen must deal with a 
wide range of geologic, seismological, and engineering seismology data and 
produce credible, practical loss-reduction measures. To succeed, they must 
know that there are differences in the perspectives of scientists/engineers 
and decisionmakers (described in Table 1) and have experience in minimizing 
these differences.

Table I
Differences in the perspectives of scientists/engineers and decisionmakers 
(from Szanton, 1981).

Attributes Perspectives
Scientists/Engineers Decisionmakers

1. Ultimate objective
2. Time horizon
3. Focus

4. Mode of thought
5. Most valued outcome
6. Mode of expression
7. Preferred form of 

	conclusion

Respect of Peers
Long
Internal logic of the problem

problem
Inductive, generic 
Original insight 
Abstruse, qualified 
Multiple possibilities with

uncertainties emphasized
submerged

Approval of electorate
Short
External logic of the

Deductive, particular 
Reliable solution 
Simple, absolute 
One "best" solution 
with uncertainties

Element 3: Programs The data, information, and people provide the resource base 
for programs in Puerto Rico such as: 1) research studies, 2) the assessment of 
earthquake hazards, vulnerability, and risk for specific urban areas, 3) a 
seismic safety organization, 4) mitigation and preparedness actions, 5) and the 
implementation of new and improved loss-reduction measures. The success of each 
program depends on: how well it is focused, how well it is integrated, and how
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well it is coordinated between the various disciplines and agencies. The 
critical issues of implementation that are directly associated with programs in 
Puerto Rico are:

  Do the expected benefits justify the cost and the anguish associated with 
reallocation of resources?

Are the technological, societal, and political considerations appropriately 
balanced?

Does the program have a definite ending point; if not, should it? Can the 
end point be negotiated before the program begins?

Element 4; A Damaging Earthquake A damaging earthquake always provides the best 
opportunity to acquire unique geologic, seismological, engineering, and social 
science information and to foster implementation of specific loss-reduction 
measures in a community. The critical issues of implementation that are directly 
related to the occurrence of a damaging earthquake in Puerto Rico are:

  Does the earthquake provide relevant information for stimulating earthquake 
preparedness in Puerto Rican communities?

Can useful "lessons" be extracted from the earthquake experience and applied 
in Puerto Rico?

The following types of investigations are typically conducted after a damaging 
earthquake and provide a rapid way of collecting new data and knowledge (Hays, 
1986).

  Geologic studies field investigations to determine the nature, degree, and 
spatial distribution of surface faulting, regional tectonic deformation, 
landslides, liquefaction, and wave inundation from seiches and tsunamis.

Seismological studies measurement programs using arrays of portable 
seismographs to locate earthquakes comprising the aftershock sequence, to 
define the spatial extent of the fault rupture zone and its temporal 
changes, and to determine the focal mechanisms of the earthquake.

Engineering Seismology Studies measurement programs using arrays of 
portable strong motion accelerographs and broad band seismographs to measure 
the characteristics of strong ground motion at various epicentral locations 
underlain by various soil-rock columns, using both the main shock and the 
aftershock sequence.

Engineering Studies Investigations on a building-by-building scale to 
determine the nature, degree, and spatial distribution of damage to a wide 
range of structures, including: low-, medium-, and high-rise buildings, 
lifelines, and critical facilities.

  Societal Studies Investigations to determine how the populace reacts
before, during, and after an earthquake and to devise ways the new technical 
information can be transformed into public policy and new or improved loss- 
reduction measures.
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When a long time has elapsed since the last historic damaging earthquake, as in 
the 1811-1812 New Madrid earthquakes in the Mississippi valley, 1886 in 
Charleston, South Carolina, 1918 in Puerto Rico or when no historic earthquake 
has occurred such as along the Wasatch front, Utah, a scenario earthquake can be 
used to foster the implementation process by heightening awareness and concern. 
The main issues associated with scenario earthquakes are:

Is the scenario earthquake sufficiently credible in terms of present 
knowledge that it will be used to guide the development of a Puerto Rican 
community's response plans?

Is the scenario earthquake realistic in terms of the actual geologic setting 
of the community and the social and political conditions in the community 
and, if so, will it be used as the basis for specific mitigation activities?

Element 5; Loss Reduction Measures A wide range of practical loss-reduction 
measures are now available for implementation in Puerto Rican communities. The 
two overriding issues of implementation that are directly related to each loss- 
reduction measure being considered are:

  How much more does the loss-reduction measure cost in comparison with the 
cost of maintaining the "status quo?"

Who will pay? 

Loss-reduction measures can be grouped in the following categories:

  Hazard maps - Maps showing the relative severity and spatial variation of a 
specific hazard (for example, the ground-shaking hazard) that can be used in 
applications ranging from design guidelines to seismic microzonation to 
regulations.

  Design criteria - Criteria for siting a wide range of structures (including 
those covered by building codes as well as by other regulations), such as: 
public buildings, schools, private buildings, critical public facilities, 
dams, hospitals, and nuclear power plants.

Guidelines and regulations - Guidance for regional and urban planning to 
improve land-use in the context of earthquake hazards.

  Seismic microzonation - A procedure that utilizes the existing technical 
data as a basis for the division of a region into zones expected to 
experience the same relative severity of a specific earthquake hazard in a 
given exposure time (such as the level of ground shaking expected in a 50 
year period).

Seismic microzonation provides design criteria that will enable the user to 
select the most suitable part of the area for the proposed use.

  Inspection and review - Procedures to regulate design and construction, 
practices.



Education and training - Short- and long-term activities designed to close
specific gaps in knowledge. Training prepares people to do a wider variety
of tasks than they could do without training.

Response and recovery planning - Planning that improves the capability of 
the region to respond effectively to a damaging earthquake and to recover as 
quickly as possible.

THE 19 SEPTEMBER 1985 MEXICO EARTHQUAKE

Because of its relevance for Puerto Rico, the 1985 Mexico earthquake was 
discussed in some detail in the workshop. The seismotectonic processes are 
similar in the Puerto Rico area (an area where the Carribean plate is being 
underthrust by the American plate and large earthquakes (M =7.5) occur about once 
every 80 years) and in Mexico (an interplate zone of thrust faulting where the 
Cocos tectonic plate is being subducted beneath the North American plate and 
large-to-great earthquakes occur one to several times each century). The Mexico 
earthquake provided new knowledge having value for research, mitigation, and 
response planning in the Puerto Rico area, reminding the earthquake engineering 
community that:

  Earthquakes tend to recur where they occurred in the past. Faults have a 
lifecycle and an average recurrence interval for earthquakes of various 
magnitudes. Earthquakes also fill seismic gaps along the boundaries of 
major tectonic plates.

The soil column can cause site amplification of a factor of 5 or more under 
conditions of low to intermediate levels of dynamic shear strain and levels 
of peak ground accelerations that are on the order of 4% of gravity. This 
phenomenon can occur at sites underlain by soft soil located as far away as 
400 km (250 mi) from the epicenter (for example, in Mexico City).

Soil-structure interaction that increases the potential for severe damage 
and collapse of buildings can occur when the dominant period of the rock 
motion is the same as the dominant periods of the response of the soil 
column and the response of the building.

  If the state-of-earthquake-preparedness and mitigation actions in an urban 
area before a damaging earthquake are advanced, a damaging earthquake will 
not be a disaster.

THE 10 OCTOBER 1986 SAN SALVADOR EARTHQUAKE

The San Salvador earthquake occurred just before this report went to press; 
therefore, this section was included to provide timely information on this small 
but very damaging earthquake. The following information is abstracted from the 
post earthquake investigation by Earthquake Engineering Research Institute.

The earthquake caused an estimated 1,500 deaths, 7,000 to 10,000 injuries, $1.5 
billion in damage, and left approximately 250,000 people homeless in spite of the 
fact that the earthquake only had a magnitude (M ) of 5.4. The contributing 
factors to the destructiveness of the earthquake include:

The focal depth of the earthquake was shallow (about 8 km).



The earthquake occurred directly beneath the city of San Salvador. The 
causative strike-slip type fault did not break the ground surface. The 
distribution of the aftershock sequence suggests that rupture occurred on a 
patch approximately 7 km long and 1 to 11 km in vertical extent below the 
surface of the ground. The fault ruptured to the northeast as a consequence 
of tectonic stresses, not volcanic processes.

The earthquake, although small, generated large ground motions in San 
Salvador. The ground motions which were recorded in San Salvador had values 
of peak horizontal ground acceleration ranging from 0.34 g to 0.71 g, peak 
horizontal ground velocity ranging from 32 cm/sec to 80 cm/sec, and peak 
horizontal ground displacement ranging from 4 to 15 cm. The vertical 
accelerations reached 0.5 g. The duration of shaking was short (4 to 5 
seconds) and the spectra were rich in short-period energy (0.05-0.8 second).

Figure 4 shows a comparison of the time histories for the San Salvador earthquake 
recorded at the Centre de Investigaciones Geotecnicas (GIG) located 4.3 km from 
the epicenter and corresponding time histories recorded in the 1971 San Fernando, 
California earthquake and the 1966 Parkfield, California earthquake. The 
response spectra for each of these sets of strong motion records are shown in 
Figure 5.

1971 SAN FERNANDO EARTHQUAKE 
UL - 6.4

PACOIMA DMl S16E

1966 PARKFIELD EARTHQUAKE 
ML - 5.5

CHOIMC MO. 1. N0SE

1986 SAN SALVADOR EARTHQUAKE 

MS - 5 4

CIG. 90

A ^^ XV

t to
TIME - SECOND

A
0 S »0 tS

TIME - SECOND

ICN. 180

TIME - SECOND

Figure 4. Comparison of acceleration, velocity, and displacement records from
the 1986 San Salvador earthquake with records from the 1971 San Fernando and 
1966 Parkfield earthquakes. Some engineers now believe that the Parkfield 
earthquake would have been damaging had it occurred directly under an urban 
area instead of an unpopulated area.
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Figure 5. Comparision of response spectra for the records shown in Figure 4. 
The San Salvador earthquake, although small, was a significant earthquake 
because of its location directly under the urban area.
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Damage in San Salvador was widespread and extensive. Approximately 10 midrise 
(3-10 story) engineered buildings were either severely damaged or collapsed, 
including the American Embassy. Some 30 other midrise engineered buildings also 
experienced damage, but it was less severe. Five of the eight health care 
facilities experienced major damage. The damage to buried lifeline systems 
(water and sewer) was extensive. Fire caused about 20 of the fatalities. Damage 
to nonengineered homes and buildings was extensive.

The earthquake triggered hundreds of landslides. The slides (mainly rock falls 
and rock slides) occurred mainly on cut-bank slopes along streams and roadways 
within unconsolidated volcanic ash and pumice units of Late Pleistocene and 
Holocene age. One large slide accounted for about 200 of the fatalities. No 
liquefaction-induced lateral-spread failures or liquefaction-induced sand 
volcanoes were observed.

Since the earthquake was a "direct hit," it was devastating in its own right. 
However, El Salvador is suffering from a civil war and the losses from the 
earthquake made the impact on the people and economy even more serious. San 
Salvador is facing a difficult recovery phase.

DESCRIPTION OF EARTHQUAKE HAZARDS THAT COULD OCCUR IN THE PUERTO RICO AREA

All of the physical effects (hazards) described in this section can occur in the 
Puerto Rico area. However, it is important to place some upper bounds on what 
may happen when a large (magnitudes of 7 to 8) or great (magnitudes of 8 and 
larger) earthquake recur in the Puerto Rico area.

The earthquake, a sudden abrupt release of slowly accumulating strain energy, 
usually occurring within a few to few tens of cubic kilometers (miles) of the 
Earth's crust, produces mechanical energy that is propagated in the form of 
seismic waves radiating from the earthquake focus in all directions through the 
Earth. When the energy of the high-frequency (short-period) body waves (P and S 
waves) arrives at the surface of the Earth, surface waves having low frequencies 
(long periods) are formed. The frequency and amplitude of the vibrations 
produced at points on the Earth's surface (and hence the severity of the 
earthquake) depend on the amount of mechanical energy released at the earthquake 
focus, the distance and depth of the focus relative to the point of observation, 
and the physical properties of the column of soil and rock at the point of 
observation.

Effects Large (such as the M=7.5 event that occurred west of Mayaguez in 1918) 
and great (such as the 1985 Mexico event) earthquakes are nature's most 
devastating phenomena causing considerable damage and loss in a matter of seconds 
(Figure 6). The onset of a large or great earthquake is usually initially 
signaled by a deep rumbling sound or by disturbed air making a rushing sound, 
followed shortly by a series of violent motions of the ground. The surroundings 
seem to disintegrate. Often the ground fissures with large permanent 
displacements 21 feet horizontally in San Francisco in 1906 and 47 feet 
vertically at Yakutat Bay, Alaska in 1899. Buildings, bridges, dams, tunnels, or 
other rigid structures are sheared in two or collapse when subjected to this 
permanent displacement. Vertical accelerations, on the other hand, are more 
damaging to lifeline systems such as pipelines, and tunnels. Ground vibrations 
can exceed the force of gravity (980 cm/sec/sec) and be so severe that large 
trees are snapped off or uprooted. People standing have been knocked
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Figure 6. Schematic illustration of the range of physical effects that are
usually generated by an earthquake. These physical effects cause socio- 
economic losses unless steps are taken to mitigate them. Adequate knowledge 
now exists to mitigate all of these effects in a community without incurring 
extraordinarily large costs.
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down and their legs broken by the sudden horizontal ground accelerations that are 
more damaging to buildings than vertical ground accelerations.

As the ground vibrations continue, structures having different frequency-response 
characteristics begin to vibrate. Sometimes resonate vibrations result. The 
resonance effect is particularly destructive, since the amplitude of the 
vibration increases (theoretically without limits) and usually causes structural 
failure. Adjacent buildings having different frequencies of response can vibrate 
out of phase and pound each other to pieces (as in the 1985 Mexico earthquake). 
In any case, if the elastic strength of the structure is exceeded, cracking, 
spalling, and often complete collapse results. Chimneys, high-rise buildings, 
waste tanks, and bridges are especially vulnerable to long-period ground 
vibrations; whereas, low-rise buildings are especially vulnerable to short- 
period vibrations.

The walls of high-rise buildings without adequate lateral bracing frequently 
fall outward, allowing the floors to cascade one on top of the other crushing 
the occupants between them. In countries where mudbricks and adobe are used 
extensively as construction materials, collapse is often total even to the 
point of returning the bricks to dust.

Secondary effects such as landslides, fires, tsunamis (in coastal areas), 
seiches, and flood waves can be generated in a large to great earthquake.

Landslides are especially damaging, and in some cases have accounted for the 
majority of the life loss. The 1970 earthquake in Peru caused more than 
70,000 deaths, and 50,000 injuries. Of those killed, 40,000 were swept away 
by a landslide which fell 12,000 feet down the side of Mt. Huascaran. The 
landslide roared through Yungay and Rauachirca at 200 miles/hr, leaving only a 
raw scar where the villages had been.

Regional tectonic deformation, the unique feature of a great earthquake, can 
cause changes in elevation over an area of tens of thousands of square 
miles. This effect destroyed ports and harbors in the 1964 Prince William 
Sound, Alaska earthquake.

The threat from fire frequently increases due to the loss of firefighting 
equipment destroyed by earthquake ground shaking and the breaking of the water 
mains by ground failures. Blocked access highways can hinder the arrival of 
outside help. The secondary effect of fire is well illustrated by the San 
Francisco earthquake of 1906, in which only approximately 20 percent of the 
half billion dollars in damage was estimated to have been due the earthquake, 
while the remainder was caused by the fire, which burned out of control for 
several days. One of the greatest disasters of all times, the Kwanto, Japan, 
earthquake in 1923, also resulted from large fire losses. Almost 40 percent 
of those killed perished in a firestorm which engulfed an open place where 
people had gathered in an attempt to escape the conflagration.

Tsunamis, long-period water waves caused by the sudden vertical movement of a 
large area of the sea floor duing an undersea earthquake, are particularly 
destructive. As a tsunami reaches shallow water around islands, the heights 
of the wave increases many times, some times reaching as much as 80 feet. 
Tsunamis and ground shaking differ in their destructive characteristics. 
Ground shaking causes destruction mainly in the vicinity of the causative
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fault; whereas, tsunamis cause destruction both locally and at very distant 
locations from the area of tsunami generation. Both the earthquakes of 
November 18, 1867, and October 11, 1918, in the Puerto Rico area had 
destructive tsunamis associated with them with the maximum wave height being 
about 30 feet.

Other secondary effects include the disruption of electric power and gas 
service; both effects contribute to fire damage. Also, highways and rail 
systems are frequently put out of service, presenting special difficulties for 
rescue and relief workers.

Water in tanks, ponds, and rivers is frequently thrown from its confines. In 
lakes, an oscillation known as "seiching" can occur, causing the water to 
surge from one end to the other, reaching great heights and overflowing the 
banks.

Aftershocks of a great earthquake can last for several decades. They can 
trigger additional losses and disrupt the populace.

ELEMENTS INVOLVED IN AN ASSESSMENT OF POTENTIAL RISK IN THE PUERTO RICO AREA

Puerto Rico is presently conducting a study to assess the potential risk from
earthquake hazards. The assessment of the potential risk (chance of loss)
from earthquake hazards in an urban area is a complex task requiring:

  An earthquake hazards model.
  An exposure model (inventory).
  A vulnerability model.

Each model is described briefly below.

Earthquake Hazards Model Assessment of risk is closely related to the 
capability to model the earthquake hazards of ground shaking, surface fault 
rupture, earthquake-induced ground failure, and regional tectonic 
deformation. Most of the spectacular damage and loss of life in an earthquake 
is caused by partial or total collapse of buildings as a consequence of the 
severity and duration of the horizontal ground shaking. Amplification of 
ground motion by the soil-rock column is an important factor in the definition 
of the ground shaking hazard. However, ground failures triggered by ground 
shaking (i.e. , liquefaction, lateral spreads) can also cause substantial 
damage and losses. For example, during the 1964 Prince William Sound, Alaska, 
earthquake, ground failures accounted for about 60% of the estimated $500 
million total loss with landslides, lateral spread failures, flow failures, 
and liquefaction causing damage to highways, railway grades, bridges, docks, 
ports, warehouses, and single family dwellings. Surface faulting, which is 
generally confined to a long narrow area, has not occurred anywhere in the 
Eastern United States except possibly in the 1811-1812 New Madrid 
earthquakes. Surface faulting, which generally always occurs in earthquakes 
of magnitude 5.5 or greater in the Western United States, has damaged lifeline 
systems and single family dwellings, but has not directly caused deaths and 
injuries.

The earthquake hazards model must answer the following questions:
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1. Where have past earthquake occurred? Where are they occurring now?
2. Why are they occurring?
3. How often do earthquakes of a certain size (magnitude) occur?
4. How bad (severe) have the physical effects (hazards) been in the past? 

How bad can they be in the future?
5. How do the physical effects (hazards) vary spatially and temporally?

Exposure Model The spatial distribution of things and people exposed to 
earthquake hazards is called inventory. The inventory is one of the most 
difficult models to characterize because it changes with time and as existing 
buildings are altered. For risk assessment, the term structure is used to 
refer to any object of value that can be damaged by the earthquake hazards of 
ground shaking, surface faulting, earthquake-induced ground failure, and 
regional tectonic deformation. Some generalizations involving sampling theory 
are usually made to facilitate the inventory process. The various categories 
of structures include:

1. Buildings (residential, agricultural, commercial, institutional, 
industrial, and special use).

2. Utility and transportation structures (electrical power structures, 
communications, roads, railroads, bridges, tunnels, air navigational 
facilities, airfields, and water front structures).

3. Hydraulic structures (earth, rock, or concrete dams, reservoirs, lakes, 
ponds, surge tanks, elevated and surface storage tanks, distribution 
systems, and petroleum systems).

4. Earth structures (earth and rock slopes, major existing landslides, snow, 
ice, or avalanche areas, subsidence areas, and natural or altered sites 
having scientific, historical, or cultural significance).

5. Special structures (conveyor systems, ventilation systems, stacks, mobile 
equipment, tower, poles, signs, frames, antennas, tailing piles, gravel 
plants, agricultural equipment, and furnishings, appendages, and shelf 
items in the home or office).

Vulnerability Model A structure consists of many elements. In principle, to 
predict losses, the contribution of each individual element making up the 
total response of a structure must be modeled. In practice, certain 
simplifications and generalizations are made to facilitate the modeling and 
the analysis.

Vulnerability is a term describing the susceptibility of a structure or a 
class of structures to damage. The prediction of the actual state of damage 
that a structure will experience when subjected to a particular earthquake 
hazard (such as ground shaking) is very difficult. The difficulty is due to:

  Irregularities in the quality of the design and construction (e.g., some 
are designed and built according to earthquake-resistant design 
provisions of a building code; some are not).

  Variability in material properties.
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  Uncertainty in the level of ground shaking induced in the structure as a 
function of magnitude, epicentral distance, and local site geology.

  Uncertainty in structural response to earthquake ground shaking, 
especially in the range where failure occurs.

A fragility curve that shows probability of damage versus level of ground 
motion can be used to represent failure of a specific type of structure (or 
elements of a structural system) when it is exposed to the dynamic forces of 
ground shaking. For most structures, damage occurs as a function of the 
amplitude, frequency composition, and duration of ground shaking and manifests 
itself in various damage states ranging from "no damage" to "collapse." 
Specification of the damage states of a structure is very difficult because 
each damage state is a function of the lateral-force-resisting system of the 
structure and the severity of the hazard expressed in terms of forces.

Options for Planning, Research, and Mitigation In conjunction with an 
assessment of the potential risk from earthquake hazards, explicit answers are 
needed for the following questions:

  What are the viable options for planning, research, mitigation, response, 
and recovery to reduce potential losses from earthquake hazards?

  What research is needed to provide sound technical and societal bases for 
devising loss-reduction measures.

The answers are needed to optimize the implementation process. 

WORKSHOP PROCEDURES

The workshop was designed to enhance the interaction between all participants 
and to facilitate achievement of the general and specific objectives of the 
workshop stated earlier in the report. The following procedures were used:

Procedure 1; A planning meeting was held at the FEMA Office in New York on 
December 1985. Representatives of the Department of Natural Resources, the 
Federal Emergency Management Agency, and the U.S. Geological Survey 
participated in the meeting and produced the workshop agenda.

Procedure 2: A combination of lectures, discussion group seminars, 
interactive group discussions, and program planning was used to encourage the 
participants to address and solve various parts of the overall problem of 
research, earthquake preparedness, and implementation.

Procedure 3; Research reports and preliminary technical papers by selected 
participants were commissioned and prepared in advance of the workshop. These 
documents, along with relevant USGS and FEMA reports, were distributed at the 
workshop for use as basic references and a framework for discussion. The 
technical reports and papers prepared by the participants were finalized 
within 60 days after the workshop and are contained in this publication as a 
permanent record.

Procedure 4; Scientists, engineers, planners, emergency management 
specialists, and public officials gave oral presentations in six plenary
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sessions and four discussion group seminars. A seminar format was adopted for 
the discussion groups to enhance exchange of information. Also, most of the 
presentations were in Spanish to facilitate communication. The objectives 
were to: 1) integrate scientific research and hazards awareness and 
preparedness knowledge, 2) define the scope of the problem indicated by the 
session theme, 3) clarify what is (and is not) known about earthquake hazards 
in the Puerto Rico area and, 4) identify areas where knowledge is still 
critically needed. These presentations served as a summary of the state-of- 
knowledge and gave a multidisciplinary perspective.

Procedure 5: A certificate was awarded to each participant at the end of the 
wo rks hop.

PLENARY SESSIONS AND DISCUSSION GROUP SEMINARS

The themes, objectives and speakers for each plenary session and discussion 
group seminar are described below. The sequence denotes their chronological 
order in the workshop.

SESSION I WELCOME, OBJECTIVES, AND BACKGROUND INFORMATION

 The Honorable Alejandro Santiago Nieves, Secretary, 
Department of Natural Resources

 Walter Hays, U.S. Geological Survey

Seismotectonic Setting of Mexico and Puerto Rico

Objective: A brief summary of the geologic and seismological 
knowledge on Mexico and Puerto Rico.

Speakers:
 David Schwartz, U.S. Geological Survey
 William McCann, Lamont-Doherty Geological Observatory (now 

with the University of Puerto Rico, Mayaguez)

Landslide Hazards of Puerto Rico

Objective: A review of the overall landslide hazards on Puerto 
Rico and a summary report of the 1985 Mameyes landslide event.

Speaker:
 Randy Jibson, U.S. Geological Survey

Puerto Rico Vulnerability Study

Objective: A status report of the Puerto Rican vulnerabilty 
study initiated in 1985 and a preliminary evaluation of the 
results.

Speakers:
 Mariano Vargas, Department of Natural Resources
 Rafael Jimenez, University of Puerto Rico
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Discussion Group Seminars

Four simultaneous seminars were held in small discussion groups to address 
different concerns in Puerto Rico.

Objective: The objectives of each seminar was to motivate participants to 
address the questions: 1) What is happening in Puerto Rico to 
increase preparedness and to foster the implementation of other 
loss-reduction measures, and 2) what can the Commonwealth of 
Puerto Rico do to improve its capability to assess the risk, 
disseminate the information, and implement loss reduction 
measures?

Seminar 1; Ground Shaking Hazard and Vulnerability of Structures

Leaders:  Rafael Jimenez, University of Puerto Rico
 Bernardo Deschapelles, Consulting Engineer
 Walter Hays, U.S. Geological Survey

Seminar 2: Ground Failure Hazards and Land-use Planning and Regulation

Leaders:  Hermenegildo Ortiz, University of Puerto Rico
 Jose Rodriguez, Puerto Rico Planning Board

Seminar 3: Economic Impact and Public Awareness

Leaders:  Fernando Zalacain, University of Puerto Rico
 Mariano Vargas, Department of Natural Resources
 Richard Krimm, Federal Emergency Management Agency
 Paula Gori, U.S. Geological Survey

Seminar 4: Professional Awareness and Building Codes

Leaders:  Samuel Diaz, ARPE
 Enrique Ruiz, College of Engineers

SESSION II: ACTIVITIES IN PUERTO RICO

Objective: To discuss the kinds of earthquake preparedness activites that 
are underway in Puerto Rico and to address the following 
questions: 1) What is happening in Puerto Rico to increase 
preparedness and the implementation of other loss-reduction 
measures, and 2) what suggestions can participants of this 
seminar make to assist the Commonwealth of Puerto Rico in 
assessing the risk, disseminating the inforation, and 
implementing loss reduction measures?

Speakers: Panelists representing the four discussion group seminars
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SESSION III: REPORT OF COMMISSION ON MEXICO EARTHQUAKE

Objective: To present the report of the Commission on the Mexico 
Earthquake
To communicate and discuss the principal results of the post- 
earthquake investigation of the September 19, 1985, Mexico 
earthquake.

Speakers:  Ruth Carreras, Department of Natural Resources
 Miguel Santiago, University of Puerto Rico
 Rafael Jimenez, University of Puerto Rico
 Samuel Diaz, ARPE
 Carlos Rodriguez, University of Puerto Rico
 Hermenegildo Ortiz, University of Puerto Rico
 Jose Martinez, University of Puerto Rico
 Juan Taraza, Puerto Rico Cement

Panel discussion on experiences in Mexico and their application 
in Puerto Rico

Panelists: Richard Krimm, Federal Emergency Management Agency, 
Headquarters
 Ruth Carreras, Department of Natural Resources
 Miguel Santiago, University of Puerto Rico
 Rafael Jimenez, University of Puerto Rico
 Samuel Diaz, ARPE
 Carlos Rodriguez, University of Puerto Rico
 Hermenegildo Ortiz, University of Puerto Rico
 Jose Martinez, University of Puerto Rico
 Juan Taraza, Puerto Rico Cement

SESSION IV: REPORT ON MAMEYES LANDSLIDE AND OTHER LANDSLIDE HAZARDS IN 
PUERTO RICO

Objective: To communicate the current knowledge of landslide 
hazards in Puerto Rico and to recommend specific activities to 
accelerate mitigation actions

Speakers:  Carlos Rodriguez Molina, Caribbean Soil Testing, Inc.
 Alejandro Soto, University of Puerto Rico
 Ramon Alonso, Department of Natural Resources

SESSION V: EMERGENCY RESPONSE PLANNING IN PUERTO RICO

Objective: To communicate the current status of emergency 
response planning in Puerto Rico

Speakers:  Ruth Carreras, Department of Natural Resources
 Heriberto Acevedo, Department of Civil Defense
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SESSION VI: CONSIDERATION OF THE NEXT STEPS

Objective: Does Puerto Rico have problems in the topical areas 
covered in this workshop? If we don't know, how do we find 
out? If the answer is "yes," how do we solve these problems? 
If lacking, can the required technology be transferred to 
Puerto Rico? How?

Speakers:  Alejandro Santiago Nieves, Department of Natural Resources
 Patria Custodio, Puerto Rico Planning Board

CLOSURE

Speakers:  Ruth Carerras, Department of Natural Resources
 Richard Krimm, Federal Emergency Management Agency, 

Headquarters
 Walter Hays, U.S. Geological Survey

APPENDICES

Four appendices are included with this report. They are:

Appendix A: Glossary of technical terms used in the evaluation of earthquake 
hazards assessments. (English and Spanish)

Appendix B: Strong Motion accelerograph stations in Puerto Rico. 

Appendix C: FEMA's Earthquake Hazards Reduction Publications. 

Appendix D; List of participants in the workshop. 

ACKNOWLEDGMENTS

The valuable contributions of the Steering Committee: Ruth Carraras, 
Department of Natural Resources, Leandro Rodriguez, University of Puerto Rico, 
Jose Molinelli, University of Puerto Rico, Phil Mclntyre, Federal Emergency 
Managment Agency, Stan Mclntosh, Federal Emergency Management Agency, Gary 
Johnson, Federal Emergency Management Agency, and Paula Gori, U.S. Geological 
Survey are gratefully acknowledged. The special contributions made by Ruth 
Carerras and her staff at the Department of Natural Resources are acknowledged 
with deep appreciation. Professors Miguel Santiago and Rafael Jimenez also 
made extraordinary contributions to the success of the workshop.

Carla Kitzmiller, Lynne Downer, and Shirley Carrico (USGS) provided 
administrative support for the workshop, travel, and the proceedings.

21



REFERENCES

Gori, P. L., and Hays, W. W., eds. 1984, Proceedings of Conference XXIV, A 
workshop on "Geologic Hazards in Puerto Rico," U.S. Geological Survey 
Open-File Report 84-761, 156 p.

Hays, W. W., and Gori, P. L., eds. 1985, Proceedings of Conference XXX, A
workshop on "Reducing Potential Losses from Earthquake Hazards in Puerto 
Rico," U.S. Geological Survey Open-File Report 85-731, 325 p.

Hays, W. W., ed., 1982, Proceedings of Conference XV, a workshop on "Preparing 
for and responding to a damaging earthquake in the Eastern United 
States," U.S. Geological Survey Open-File Report 82-220, 197 p.

Hays, W. W., 1986, The importance of postearthquake investigations: 
Earthquake Spectra, v. 2, p. 653-668.

Szanton, Peter, 1981, Not well advised: Russell Sage Foundation and Ford 
Foundation, 81 p.

Earthquake Engineering Research Institute, 1986, San Salvador Earthquake, 
unpublished briefing notes, El Cerito, Ca., 21 p.

22



NEXT STEPS - THE ROLE OF THE DEPARTMENT OF NATURAL RESOURCES

Remarks of the Honorable Alejandro Santiago Nieves, Secretary of 
the Department of Natural Resources of the Commonwealth of Puerto 
Rico, before the Third Annual Workshop on Geologic Hazards in 
Puerto Rico, at the Caribe Hilton Hotel, San Juan, Puerto Rico, on 
Friday, 16 May 1986

I am pleased to be able to share with you this morning some ideas that 

have been generated by this conference.

On Wednesday morning, I spoke briefly about some of the possibilities 

for our public awareness program. Today, I want to touch specifically on 

the role of the Department of Natural Resources in the areas of research and 

preparedness related to geologic hazards.

We know that Puerto Rico is subject to almost every kind of natural 

disaster: earthquakes, floods, hurricanes, landslides, and tsunamis. Now 

we are advised that we must begin to prepare ourselves against a new threat: 

the slow rise in the level of the sea that is a result of the release of 

carbon dioxide into the atmosphere. We have been told that the National 

Academy of Sciences will issue a report later this year confirming the 

existence of that phenomenon and projecting a rise in sea level of about 

one foot in the next 30 years.

What can we do about it and the other hazards to reduce losses to life 

and property within the mandate of existing statutes?

The Department of Natural Resources was established by the Legislative 

Assembly as an agency to administer the Island's natural resources: the water, 

soils and minerals, as well as the many different kinds of living resources.
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The statute requires us to maintain a balance between conservation of resources 

for the use of future generations and their beneficial use for the present 

population. The Department has, among its specialists, representatives of a 

broad range of disciplines: biologists, ecologists, foresters, geologists, 

limnolegists, oceanographers and zoologists, plus architects, engineers, lawyers 

and a Ranger Corps. We promulgate regulations concerning the use of certain 

resources, and our Ranger Corps is responsible for enforcing them. But in general 

terms, our regulatory powers are minimal when compared to those of the Planning 

Board. What, then is our role in disaster preparedness?

The work we have been carrying on related to natural disasters started 

as one element of the Puerto Rico Coastal Zone Management Program. A task on 

coastal hazards was initiated in 1978. Before one year had passed, however, 

that task was transformed by Hurricane David and Tropical Storm Frederick into 

a much broader responsibility under Executive Order 3669 of the Governor, which 

made the Department responsible for preparing flood hazard mitigations plans 

when required as a condition of the Federal disaster assistance. The initial 

effort has always been supported by funds provided under the coastal zone 

management program of the U.S. Department of Commerce. It still continues, but 

when the Congress this year extended the life of the coastal zone program, they 

included a requirement that the local matching share of the program funds must 

be increased from 20 per cent to 50 per cent within the next few years.

When the Federal Emergency Management Agency announced the national 

program aimed at reducing losses from hurricanes and earthquakes, the Department 

of Natural Resources took action to insure that Puerto Rico was included in
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both programs, and subsequently was assigned the responsibility for the 

initial vulnerability analyses. FEMA has been providing very small sums of 

money for these programs. The work has proceeded slowly, because it has been 

necessary to organize new units within the Department to undertake activities 

that were not comprehended in the statutes. Now, as a result of last year's 

tragedy at Mameyes, we expect to receive funding from the U.S. Geological 

Survey for a special study of landslide activity in Puerto Rico.

Because of the Department's continuing major concern with water resources, 

the Legislative Assembly transferred to it the responsibility for flood control 

activity. When FEMA created its State Assistance Program, related to the 

National Flood Insurance Program, the Department accepted the responsibility 

for developing the public awareness and monitoring program. The Department 

has negotiated contracts with FEMA for other projects under the flood insurance 

program, including the insurance rate study of the Rio Guanajibo and the current 

special work on hurricane storm surges along the coast, which will serve as a 

basis for modifying the flood insurance rate maps.

We do not operate in a vacuum. The Department depends upon the Planning 

Board, the University of Puerto Rico, and other agencies for much of the data 

and other information necessary for the conduct of essential studies. Some 

work has been contracted to the Board and to the University, as well as to 

individual faculty members. Further, the Department does not make direct use 

of the products of these activities, but passes them on to the State Civil 

Defense Agency, for use in developing plans for responding to specific kinds 

of emergency situations, or to the Planning Board, to guide its planning and
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regulation of land use in general and in the taking of decisions in specific 

instances.

1 stated on Wednesday that the task of raising public awareness about 

geologic hazards that exist in Puerto Rico is too much for one agency. I find 

that such a task is not actually contemplated in the statutes, and that a new 

approach is necessary. Although the Department is reasonably well equipped 

to conduct vulnerability studies, and does have an Office of Information and 

Publications which produces reports and materials for public education about 

natural resources, it is not in a position to compel cooperation, much less 

the participation of other government agencies, or of the private sector.

Further, most of the effort related to vulnerability analysis has been 

conducted with Federal funds. We know that unless the course of Federal budgeting 

is dramatically altered within the next few months, the Gramm-Rudman-Hollings 

Act will cause most of the Federal programs on which we depend to be drastically 

reduced, if not eliminated. Therefore, we must begin now to seek other 

resources to support these activities, if indeed they are considered important.

In addition, I believe that there must be a much ligher level of awareness 

about natural hazards in Puerto Rico, and that there is much more information that 

must be brought together, through research into historic events as well as 

special research into economic engineering, geologic, seismic and social aspects 

of natural hazards. Puerto Rico has many engineers, lawyers, economists, and 

sociologists, and a few geologists, but at present there is no professionally 

trained seismologist working on the Island.
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In the light of that situation, I strongly urge the establishment of 

a commission to review the situation and to recommend to the Governor and 

the Legislative Assembly a program of action along the following lines:

1. Establish a high level advisory council to consider all aspects 

of hazard mitigation related tonatural hazards;

2. Develop a program of studies and research designed to fill 

existing gaps in our knowledge about such events;

3. Design and implement a program of public awareness, involving 

all levels of society and all economic sectors;

4. Estimate the resources required on a long term basis, and 

obtain a legislative commitment for funding, possibly to be 

supplemented by resources from foundations, Federal programs, 

and the private sector.

The concept has not been worked out in detail, but I believe it could 

follow the pattern of the Southern California Earthquake Preparedness Project, 

a very small group of dedicated people who have generated excellent materials 

and support within its area of concern. I believe that such a group must be 

non-partisan, and outside of the government, although it should receive 

public agency support. I am willing for the Department to play a key role 

in developing the activity, but I do not have the resources to carry it on 

alone.

I invite the suggestions and especially the support of the participants 

in this workshop, to improve the concept and to implement it.

Thank you for your attention.
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UK SIGUIBKES RASOS - EL RDL DEL DEPARTOTNTD DE RECURSOS NATURALES

PONENCIA DEL HON, ALEJANDRO SANTIAGO NlEVES, SECRETARIO DEL 
DEPARTAP NTO DE RECURSOS NATURALES DEL ESTADO LlBRE ASOCIADO DE PUERTO RlCO,

ANTE EL TERCER TALLER ANUAL SOBRE RIESGOS GEOUOGICOS EN PUERTO Rico, 
EN EL HOTEL CARIBE HILTON, SAN JUAN, PUERTO Rico EL of A VIERNES

16 DE MAYO DE 1986

DR, HAYS., DONA PATRIA, DAMAS Y CABALLEROS PRESENTES, ME COMPLACE MUCHO 
EL PODER COMPARTIR CON USTEDES EN ESTA MANANA ALGUNAS IDEAS QUE MAN SURGIDO 
DE ESTE TALLER,

EN LA MANANA DEL MlfeCOLES, MENCION6 BREVEMENTE ALGUNAS DE LAS POSIBILIDADES 
EXISTENTES PARA NUESTRO PROGRAMA DE CONCIENTIZACION AL POBLICO, EN EL DfA DE 
HOY, ME GUSTARfA TRATAR ESPECfFICAMENTE EL TEMADELROL QUE DESEMPENA EL DEPAR- 
TAP NTO DE RECURSOS NATURALES EN LAS AREAS DE INVESTIGACI6N Y PREPARATIVOS 
CONCERNIENTES A PELIGROS GEOUfiGICOS, ESTAMOS CONSCIENTES DE QUE PUERTO RlCO 
ESTA SUJETO A CASI TODO TIPO DE DESASTRES NATURALES: TERREMOTOS, INUNDACIONES, 
HURACANES, DERRUMBAMIENTOS Y TSUNAMIS, AHORA NOS DEBEMOS IR PREPARANDO PARA 
UNA NUEVA AMENAZA: EL LEVE CRECIMIENTO QUE LA EMISlfiN DE DlfiXIDO DE CARBONO 
EN LA ATM5SFERA ESTA OCASIONANDO EN EL NIVEL DEL MAR, SE NOS HA JNFOR- 
MADO QUE LA ACADEMIA NACIONAL DE ClENCIAS SOMETERA UN INFORME, MAS ADELANTE, EN 
DONDE SE CONFIRMARA LA EXISTENCIA DE ESTE FENOMENO, EN ESTE INFORME SE ESTIMA 
UN CRECIMIENTO EN EL NIVEL DEL MAR DE ALREDEDOR DE UN PIE, PARA UOS PRfiXIMOS
30 ANOS,

iOU^ SE PUEDE HACER EN CUANTO A ESTO Y A OTROS PELIGROS PARA REDUCIR LOS 

RIESGOS A LAS VIEAS Y LAS PROPIEDADES DENTRO DE UO ESTIPULADO EN UOS ESTATWOS 

EXISTEMTES?
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EL DEPARTAMENTO DE RECURSOS NATURALES FUE CREADO POR LA ASAMBLEA 
LEGISLATIVA COMO AGENCIA ADMINISTRADORA DE LOS RECURSOS NATURALES DE LA 
ISLA, ENTlfNDASF AGUA, SUELOS Y MINERALES Y LOS DISTINTOS TIPOS DE 
RECURSOS VIVIENTES, EL ESTATUTO REQUIERE DE NOSOTROS QUE SE MANTENGA UN 
BALANCE ENTRE LA PRESERVACION DE RECURSOS PARA EL USO Y BENEFICIO DE GENE- 
RACIONES FUTURAS Y SU USO EN EL PRESENTE, EL DEPARTAMENTO CUENTA ENTRE 
SUS ESPECIALISTAS CON REPRESENTATIVES DE NUMEROSOS CAMPOS: BIOLOGOS, EC6LOGOS, 
GUARDABOSQUES, GEOUOGOS, LIMNOLOGOS, OCEANOGRAFOS, ZOOLOGOS, AL IGUAL QUE 
ARQUITECTOS, INGENIEROS, ABOGADOS Y EL CUERPO DE VIGILANTES, NOSOTROS PRO- 
MULGAMOS LOS REGLAMENTOS EN CUANTO AL USO DE CIERTOS RECURSOS Y NUESTRO 
CUERPO DE VIGILANTES SE ENCARGA DE IMPLANTARLOS, SIN EMBARGO, EN T£RMINOS 
GENERALES, NUESTROS PODERES REGULATORIOS SON MfNIMOS COMPARADOS A LOS DE LA 
JUNTA DE PLANIFICACION,

6CUAL ES, ENTONCES, NUESTRO ROL EN PREPARATIVOS CONTRA DESASTRES?
EL TRABAJO EN EL CUAL NOS F£MOS VENIDO DESEMPENANDO CONCERNIENTE A 

DESASTRES NATURALES COMENZO COMO PARTE DEL PROGRAMA DE MANEJO DE LA ZONA 
COSTANERA DE PUERTO RlCO, UNA TAREA DEL PROGRAMA, SOBRE PELIGROS COSTANEROS, 
FUE INICIADA EN 1978, ANTES DE HABERSE FINALIZADO EL ANO, Y DEBIDO AL 
HURACAN DAVID Y A LA TORMENTA TROPICAL FEDERICO, ESTA ACTIVIDAD SE CONVIR- 
TIO EN UNA RESPONSABILIDAD DE MAYOR ENVERGADURA EN 1979, BAJO LA ORDEN 
EJECUTIVA No, 3669, SE TRANSFORMS ESTA TAREA EN LA OBLIGACION DE PREPARAR 
PLANES DE MITIGACION DE PELIGROS DE INUNDACION, CUANDO ASI FUESE REQUERIDO 
COMO UNA CONDICION DE ASISTENCiA FEDERAL CONTRA DESASTRES. ESTE ESFUERZO 
INICIAL HA SIDO APOYADO SIEMPRE CON FONDOS PROVISTOS POR EL DEPARTAMENTO DE 
COMERCIO FEDERAL BAJO EL PROGRAMA DE MANEJO DE LA ZONA COSTANERA, AUNQUE EL 
ESFUERZO AON CONTINUA, YA QUE EL CONGRESO HA ADOPTADO UNA MEDIDA EXTENDIENDO
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LA DURACI6N DEL PROGRAMA, A LA VEZ SE REQUIERE QUE EL PAREO LOCAL 
CORRESPONDIENTE SEA AUMENTADO DE UN 20 POR CIENTO A UN 50 PORCIENTO EN LOS 
PRfiXIMOS ANOS, CUANDO LA AGENCIA FEDERAL DE MANEJO DE EMERGENCIAS ANUNCI6 EL 
OBJETIVO DE LOS PROGRAMAS NACIONALES DE REDUCIR LAS PERDIDAS OCASIONADAS POR 
HURACANES Y TERREMOTOS, EL DRN QUISO ASEGURARSE DE QUE PUERTO RlCO FUESE 
INCLUIDO EN AMBOS PROGRAMAS, COMO CONSECUENCIA, SE LE FUE ASIGNADA LA RES­ 
PONSABILIDAD DEL ANALISIS DE VULNERABILIDAD INICIAL, FEMA HA ESTADO CONTRI- 
BUYENDO CON CANTIDADES MUY PEQUENAS PARA ESTOS PROGRAMAS, DEBIDO A QUE EL 
DEPARTAMENTO HA TENIDO QUE CREAR NUEVAS UNIDADES PARA DESEMPENAR LAS ACTIVI- 
DADES NECESARIAS - UNIDADES NO INCLUIDAS EN LOS ESTATUffiOS - EL TRABAJO SE HA 
DESARROLLADO MUY LENTAMENTE, EN EL PRESENTE, COMO RESULTADO DE LA TRAGEDIA 
OCURRIDA EN MAMEYES EL ANO PASADO, CONTAMOS CON LOS FONDOS DEL SERVICIO 
GEOU5GICO DE LOS E.E.U.U, PARA UN ESTUDIO ESPECIAL SOBRE ACTIVIDAD DE DERRUM- 
BAMIENTO EN PUERTO RlCO,

DADO EL CONTINUADO INTERES DEL DEPARTAMENTO CONCERNIENTE A LOS RECURSOS 
DE AGUA, LA ASAMBLEA LEGISLATIVA LE TRANSFIRIO A feTE LA RESPONSABILIDAD DEL 
CONTROL DE INUNDACIONES, CUANDO FEMA CREO EL PROGRAMA DE ASISTENCIA A LOS 
ESTADOS, ASOCIADO AL PROGRAMA NACIONAL DE SEGUROS CONTRA INUNDACIONES, EL 
DEPARTAMENTO ACEPTO LA RESPONSABILIDAD DE DESARROLLAR LA CONCIENCIA PUBLICA 
Y LA DEL PROGRAMA DE MONITORlA, EL DEPARTAMENTO HA NEGOCIADO ALGUNOS CON- 
TRATOS CON FEW PARA OTROS TIPOS DE TRABAJOS BAJO EL PROGRAMA DE SEGUROS 
CONTRA INUNDACIONES, INCLUIDOS EN ESTO ESTAN, EL ESTUDIO DE LA TASA DE SEGUROS 
CONTRA LAS INUNDACIONES PARA EL RIO GUANAJIBO Y EL TRABAJO ESPECIAL EN 
PROCESO SOBRE MAREAS ALTAS GENERAD/S POR TORMENTAS HURACANADAS A LO LARGO DE 
DE LA COSTA, EL CUAL SERVIRA COMO BASE PARA LA MODIFICACION DE LOS MAPAS 
FEDERALES DE TASAS DE SEGUROS CONTRA INUNDACIONES,

30 3D7



NO ESTAMOS OPERANDO DENTRO DE UN VACfO, EL DEPARTAMENTO CUENTA CON

LA JUNTA DE Pu\NiFicAci6N, LA UNIVERSIDAD DE PUERTO Rico Y OTRAS AGENCIAS 
PARA OBTENER MUCHOS DE LOS DATOS E INFORMACION NECESARIA PARA LLEVAR A CABO 
ALGUNOS DE SUS ESTUDIOS, PARTE DEL TRABAJO HA SIDO ASIGNADO A LA JUNTA Y A 
LA UNIVERSIDAD Y A MIEMBROS INDIVIDUALES DE LA FACULTAD, APARTE, EL 
DEPARTAMENTO NO HACE uso DIRECTO DE LOS RESULTADOS DE ESTAS ACTIVIDADES SINO 
QUE ESTOS LE SON ASIGNADOS A LA AGENCIA ESTATAL DE LA DEFENSA CIVIL, PARA 
QUE SEAN UTILIZADOS EN EL DESARROLUO DE PLANES DE RESPUESTA A LAS DISTINTAS 
SITUACIONES DE EMERGENCIA, DE IGUAL MANERA, LA JUNTA DE PLANIFICACION LOS 
UTILIZA COMO GUIA EN LA PLANIFICACION Y REGULACION DEL USO DEL TERRENO EN 
GENERAL, AL IGUAL QUE EN SITUACIONES 0 CASOS ESPECfFICOS QUE REQUIERAN UNA 
ACCI6N DE LA JUNTA,

COMO PLANTED EL MIERCOLES, LA TAREA DE AUMENTAR LA CONCIENCIA PUBLICA 
ACERCA DE LOS PELIGROS GEOL6GICOS EXISTENTES EN PUERTO RlCO ES EXCESIVA 
PARA UNA SOLA AGENCIA, DE HECHO, CONSIDERO QUE DICHA TAREA NO ESTA INCLUIDA 
EN LOS ESTATUTOS, POR LO QUE SE NECESITA ESTABLECER UN NUEVO ACERCAMIENTO, 
AUNQUE EL DEPARTAMENTO ESTA MODERADAMENTE BIEN EQUIPADO PARA LLEVAR A CABO 
ESTUDIOS DE VULNERABILIDAD, Y CUENTA CON UNA OFICINA DE INFORMACION Y 
PUBLICACIONES, LA CUAL PRODUCE INFORMES Y PANFLETOS PARA ORIENTAR AL PUBLICO 
ACERCA DE LOS RECURSOS NATURALES, EL DEPARTAMENTO NO CUENTA CON EL PODER 
NECESARIO PARA ASEGURAR LA COOPERACION, Y AUN MENOS, LA PARTICIPAClON DE 
OTRAS AGENCIAS 0 DEL SECTOR PRIVADO,

MAS AUN, LA MAYOR PARTE DE LOS ESFUERZOS ESPECIALES REALIZADOS, RELA- 
CIONADOS A LDS ANALISIS DE VULNERABILDIAD, MAN SIDO LLEVADOS A CABO CON 
FONDOS FEDERALES, SABEMOS QUE A MENOS QUE EL PROCESO PRESUPUESTARIO FEDERAL
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SEA ALTERADO CQNSIDERABLEMENTE EN LOS PR6XIMOS MESES, EL /\CTA GRAMM-RUDNAN 
HOLLINGS OCASIONARA QUE MUCHOS DE LOS PROGRAMAS FEDERALES CON LOS CUALES 
HEMOS CONTADO, SEAN REDUCIDOS NOTABLEMENTE, SINO SON ELIMINADOS POR COMPLETO, 
FOR CONSIGUIENTE, DEBEMOS BUSCAR EN ESTOS MOMENTOS OTRAS FUENTES DE RECURSOS 
QUE APOYEN ESTAS ACTIVIDADES SJ ES QUE DE HECHO SON CONSIDERADAS 
IMPORTANTES,

ADEMAS, CONSIDERO QUE SE DEBE CREAR UN NIVEL DE CONCIENCIA PUBLICA 
ACERCA DE LOS PELIGROS NATURALES EN PUERTO RlCO MUCHO MAS ELEVADO, EN 
ADICION, HAY MUCHA MAS INFORMACI6N QUE DEBE DE SER RECOPILADA A TRAVES DE 
TRABAJOS DE INVESTIGACION EN SUCESOS HISTORICOS, AL IGUAL QUE EFECTUAR 
TRABAJOS DE INVESTIGACIONES ESPECIALES EN ECONOMfA, INGENIERIA, GEOLOGfA Y 
IDS ASPECTOS SfSMICOS Y SOCIALES DE IDS PELIGROS NATURALES, PUERTO RlCO 
CUENTA CON MUCHOS INGENIEROS, ABOGADOS, ECON0MICOS, SOCIOLOGOS Y ALGUNOS 
GEOLOGOS^ PERO EN ESTE MOMENTOy NO EXISTE NINGLIN SISM6LOGO PROFESIONAL 
TRABAJANDO EN LA ISLA, EN VISTA DE ESTA SITUACION, INSTARlA FUERTEMENTE 
A LA CREACION DE UNA COMISION QUE REVISASE ESTA SITUACION Y RECOMENDARA AL 
GOBERNADOR Y A LA ASAMBLEA LEGISUTIVA UN PROGRAMA DE ACCION SIGUIENDO LAS 
SIGUIENTES NORMAS:

1. ESTABLECER UN CONSEJO ASESOR A ALTO NIVEL QUE CONSIDERE TODOS LOS 
ASPECTOS DE LA MITIGACltiN DE PELIGROS RELACIONADOS CON DESASTRES 
NATURALES,

2. DESARROLLAR UN PROGRAMA DE ESTUDIOS E INVESTIGACIONES DISENADO 
PARA SUPLEMENTAR NUESTRO CONXIMIENTO ACERCA DE ESTOS EVENTOS,

3. DlSENAR E IMPLEMENTAR UN PROGRAMA DE CONCIENTIZACION PUBLICA 
QUE ENVUELVA A TODOS LOS SECTORES DE LA SXIEDAD Y DE LA
ECONOMlA,
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4, HACER UN ESTIMATE DE LOS RECURSOS QUE SE NECESITAN A LARGO ALCANCE; 
OBTENER UN APOYO LEGISLATIVO PARA LA ASIGNAClfiN DE FONDOS; ESTO 
ULTIMO, POSIBLEMENTE SUPLEMENTADO POR FUNDACIONES, PROGRAMAS FEDERA- 
LES Y LA INDUSTRIA PRIVADA,

LA IDEA GENERAL NO HA SIDO DETALLADA AUN, PERO CONSIDERO QUE PODRfA 
IMITAR EL MODELO DEL PROYECTO DE PREPARATIVOS CONTRA TERREMOTOS DE CALIFORNIA 
DEL SUR, SIENDO £STE UN PEQUENO GRUPO DE PERSONAS MUY DEDICADAS QUE MAN GENE-

RADO DENTRO DE ESTA AREA UN MATERIAL Y APOYO EXCELENTE, CREO QUE DICHO 
GRUPO DEBE SER UNO NO-AFILIADO Y FUERA DEL SISTEMA DE GOBIERNO, AUN CUANDO 
RECIBA EL APOYO DE UNAS AGENCIAS PUBLICAS,

ESTOY DISPUESTO A QUE EL DEPARTAMENTO JUEGUE UN PAPEL IMPORTANTE EN EL 
DESARROLLO DE ESTA ACTIVIDAD^ PERO NO CONTAMOS CON LOS RECURSOS PARA LLEVAR 
ESTO A CABO SOLOS,

ESTOY DISPUESTO A ACEPTAR SUGERENCIAS Y ESPECIALMENTE, EL APOYO DE LOS 
PARTICIPANTES DE ESTE TALLER EN CUANTO A COMO MEJORAR E IMPLEMENTAR ESTA
IDEA,

MUCHAS GRACIAS POR LA ATENCION PRESTADA,
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HISTORIC EARTHQUAKES AND THE EARTHQUAKE HAZARD OF PUERTO RICO

William R. McCann

Lamont-Doherty Geological Observatory 
Palisades, New York, 10964

Puerto Rico lies in the northeastern portion o-f the 

Caribbean seismic zone. Most seismic activity to date has 

occurred in the o-f-fshore regions surrounding the island. This 

 fact, when combined with marine re-flection and other geophysical 

data indicate that Puerto Rico and the Virgin Islands share a 

coherent tectonic block that lies in the plate boundary zone 

between the North American and Caribbean plates.

PUiBIQ BIQQ IBiNQH

To the north o-f Puerto Rico lies the Puerto Rico trench 

(Figure 1), the site o-f active oblique subduction o-f the North 

American plate beneath the island. In this century several strong 

earthquakes(Ms 6-7) have occurred there, and in the historic 

record there is evidence -for a possible great earthquake (8- 

8.25Ms) in 1787. The main sources o-f strong shocks may not come 

from the large thrust -fault that lies beneath and o-f-f the north 

coast o-f the island, but rather -from the two rather complicated 

sections o-f that -fault, to the northwest o-f the island and to the 

north o-f the Virgin Islands, that branch o-f-f -from the Puerto Rico 

Trench. Strain rates in the Puerto Rico trench may be an order o-f 

magnitude greater than in the -fault zones -found around the 

western, southern and eastern parts o-f the island.

MUERIQS IRQUGH

To the south o-f the island lies the Muertos trough (Figure 

1). This deep, linear -feature exhibits all o-f the characteristics
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of the site of active underthrusting. Seismic activity in this 

century is much lower than the levels found for the Puerto Rico 

trench to the north, suggesting that the rate of motion of the 

faults in the south is much lower than on the faults to the 

north. Nevertheless, strong earthquakes, with apparently local 

origin, of about Modified Mercalli intensity V or more shook the 

south coast in 19O8 and 1967. Other strong shocks which may be 

significant, but for which the data are few, occurred in 1740, 

1787, 1844 and 1903. In each of these cases the earthquakes 

clearly occurred in the southern part of the island or the region 

immediately offshore, but in no case was faulting observed 

onland.

MQNA PASSAGE

To the west of Puerto Rico lies the Mona Passage, a complex 

tectonic element separating Puerto Rico from Hispaniola. The 

strong differences in the Miocene to recent tectonic activity 

observed on these two islands demonstrates the importance of the 

Mona Passage region in the plate tectonics of the region. Its 

exact role is still rather obscure and the seismic activity to 

date does not shed much light on this enigmatic feature. The 

great southern Puerto Rico fault zone (GSPRFZ) passes offshore to 

form the southern boundary of the northerly trending Mona Canyon 

(Figure 1). To the south of the GSPRFZ, both off and onshore, are 

several fault systems, but none of them appear to be as prominent 

as the GSPRFZ. Asencio (1980) reports the location of several 

shallow microearthquakes in this southwestern corner of Puerto 

Rico. Perhaps the regional stress is partially relieved here by 

failure on faults associated with the numerous serpentinite
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bodies. They may be more prone to -failure than -faults cutting 

other rock types -found in Puerto Rico.

The west coast o-f Puerto Rico has experienced more strong 

shocks and certainly has sustained more damage than the south 

coast. Historic earthquakes o-f the Mayaguez region (MAZ, Figure 

1) include several strong shocks o-f the more active Nona canyon 

region to the northwest. It is there-fore more di-f-ficult, with the 

data on hand, to distinguish between the numerous possible 

sources. One o-f the strongest shocks in the history o-f Puerto 

Rico occurred in 1918, but we have little in-formation about its 

source characteristics, -fault dimension or orientation.

ANEGADA TROUGH

0-f-f the south east coast o-f Puerto Rico lies the 

southwestern terminus o-f the Anegada Trough. This active tectonic 

 feature has produced at least one damaging earthquake in the last 

200 years, that o-f 1867. McCann (1984) estimated the magnitude o-f 

that shock at about 7.5, based on a comparison o-f the observed 

intensities with those o-f the shock in 1918 in northwestern 

Puerto Rico. There are at least -four other parts o-f this trough 

that have -faults long enough to produce shocks larger than 7.0Ms. 

Again the rates o-f movement along these -faults is probably an 

order o-f magnitude less than the rates o-f motion in the Puerto 

Rico trench.

RECURRENCE INTERVALS OF STRONG SHOCKS

The historic record o-f Puerto Rico provides suf-ficient data 

to begin to estimate the recurrence intervals o-f widely -felt 

shocks (greater than Modi-fied Mercal 1 i VII). Figure 2 displays

37



O
J oo

3- 0

To
 =

 2
6

M
M
 ̂
 

VII
I

I 
' 

' 
I

0 
10

 
20
 

30
- 

4
0
 

50
 

6
0
 

70

F
i
g
u
r
e
 

2.
 

C
u
m
u
l
a
t
i
v
e
 

n
u
m
b
e
r
 

o-
f 

i
n
t
e
r
v
a
l
s
 

b
e
t
w
e
e
n
 

e
v
e
n
t
s
 

o-
f 

i
n
t
e
n
s
i
t
y
 
V
I
I
I
 
o
r
 
l
a
r
g
e
r
.
 

A
v
e
r
a
g
e
 
t
i
m
e
 
b
e
t
w
e
e
n
 
e
v
e
n
t
s
 
(T

a)
 
i
s
 
2
6
 

y
e
a
r
s
.
 
S
i
x
t
y
 
e
i
g
h
t
 
y
e
a
r
s
 
h
a
v
e
 
p
a
s
s
e
d
 
s
i
n
c
e
 
t
h
e
 
l
a
s
t
 
s
t
r
o
n
g
 
s
h
o
c
k
.



the times of occurrence o-f strong shocks. In this analysis we are 

forced to use all events o-f either intensity VII or VIII and 

greater affecting any given part o-f the island. So the recurrence 

times are for the interval of time between successive events 

affecting any part of Puerto Rico. Recurrence intervals of any 

given site are likely to be less. Recurrence times vary by more 

than an order of magnitude from 2 years to more than 68 years. 

Most of the recurrence times fall between 29 and 68 years. The 

very short recurrence times (2 years) probably represent complex 

faulting processes. The historic data indicate that two or three 

times every century Puerto Rico experiences a strong earthquake. 

If these data are an accurate representation of the level of 

seismic activity for Puerto Rico, they demonstrate that Puerto 

Rico is now in the time frame for another strong earthquake 

(MM>VII). Figures 3 and 4 display, in bar graph format, the 

numbers of events that have occurred with the varying recurrence 

intervals. For intensity VIII or larger (Figure 3) one can 

clearly see that in the last two centuries, the island has not 

experienced such a long interval without a shock as the one it is 

now observing. Similarly for intensity VII or larger (Figure 4), 

one can see the generally shorter recurrence intervals and the 

great length of time that has passed since the last strong shock.

CONCLUSIONS

The information collected in the last decade has clarified 

our understanding of the nature of the seismic zone near Puerto 

Rico. Numerous active faults are located in the offshore region; 

some may extend onshore. The historic record indicates that two 

or three time every century Puerto Rico is shaken by a strong
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earthquake. Given that the last strong shock occurred over 68 

years ago the island is now in a period when another strong shock 

may occur.
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EVALUATING EARTHQUAKE RECURRENCE IN THE NORTHEASTERN CARIBBEAN:
LESSONS FROM THE 1985 MEXICAN EARTHQUAKE 

AND AREAS OF FUTURE RESEARCH IN PUERTO RICO

David P. Schwartz 
U.S. Geological Survey 
Menlo Park, California

The Nexlcar Earthquake - Insights Into Earthquake Behavior

The Mexican earthquake of 19 September 1985 can provide Important in­ 
sights Into understanding earthquake behavior along subduction zones. In this 
regard, it has applications to evaluating earthquake recurrence on seismic 
sources that affect Puerto Rico. Large magnitude earthquakes along coastal 
Mexico result from subduction of the Cocos plate below the North Amerian plate 
along the section of Middle America trench referred to as the Mexican subduc­ 
tion zone. The rate of plate convergence is high, about 6 to 7 cm/yr. The 19 
September earthquake had a magnitude of ^ « 8.1, and ruptured an approximate­ 
ly 160 km length of the plate boundary. It was followed on 21 September by a 

^ s 7.6 aftershock that extended an additional 75 km south from the south end 
of the mainshock rupture. The location of the 19 September earthquake was no 
surprise. It filled a recognized seismic gap, called the Michoacan gap, that 
had been defined on the basis of the location of historical and instrumentally 
recorded earthquakes along the Mexican subduction zone (Singh and others, 
1981). Mexico has experienced 42 earthquakes of M >_ 7 since about 1900. 
However, with the exception of a M = 7.3 event in 1981, the Michoacan gap had 
experienced no events during this time althouqh large earthquakes had repeat­ 
edly occurred to the north and south. The important point is that because of 
the high rate of plate convergence and the resulting large number of events, a 
pattern of seismicity emerged that led to the recognition of where the next 

large earthquake along the zone was most likely to occur.

Characterizing Seismic Sources in Puerto Rico

The historical seismic record for Puerto Rico extends back to 1524 (see 
Asencio, 1980; McCann and Sykes, 1984). Between then and the present earth­ 
quakes have caused damage across the island. Many of these have been large 
magnitude events, such as the ^ 7.5 1918 Mona Canyon earthquake or the M 8 to 
8-1/4 1787 Puerto Rico trench earthquake. An important observation is that

* U.S. Geological Survey, Menlo Park, CA 94025.



damaging earthquakes in Puerto Rico have been produced by a variety of differ­ 
ent sources. These include the interface between the Caribbean and North 
American plates in the Puerto Rico trench, faults associated with the Mona 
Canyon graben, faults in the Muertos trough, faults in the Anegada Passage, 
faults in Hispaniola, and shallow crustal onland faults in Puerto Rico.

As noted, the Mexican subduction zone is characterized by a high conver­ 
gence rate, a large number of earthquakes concentrated along the plate inter­ 
face, and a rate of seismicty high enough that earthquakes repeat in the same 
source region so that space-time plots can be made and future behavior can be 
estimated. In contrast, the strain rate across the Caribbean-North American 
boundary is lower (2 cm to 4 cm/yr) and the strain is distributed on a variety 
of complex structures. Therefore, interpreting the space-time pattern of past 
earthquakes, and estimating the location of future earthquake activity, is 
more difficult in the Puerto Rico region.

McCann and Sykes (1984) and McCann (1985) have estimated the expected 
magnitude for the different source zones in the northeastern Caribbean using 
historical seismicity data and the present day understanding of the tectonic 
framework. They also estimated the seismic potential (likelihood of an earth­ 
quake) of some of these zones. The seismic potential is based on the elapsed 
time since the most recent large earthquake on a given source. Therefore, the 
longer the elapsed time the higher the potential. This approach assumes that 
on a regional basis recurrence intervals on sources that produce events of the 
same size are approximately the same. The assumption may be reasonable for 
major sources, such as the Puerto Rico trench, where strain rates are higher 
and strain accumulation and release may tend to be linear. However, for many 
faults the repeat time of the same size earthquake can be hiqhly variable, es­ 
pecially when the faults are located away from a major plate boundary. Given 
the possible variability in the timing of events on an individual source, and 
the limitations of the historical record, is there anything that can be done 
to extend the seismic history of Puerto Rico back beyond the historical record 
to more fully develop an understanding of the long term pattern of earthquakes 
for the Puerto Rico area?
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Potential Paleoseismic Studies In Puerto Rico

During the past ten years the integration of geologic, seismologic, and 
geophysical information has led to a much better, though still far from com­ 
plete, understanding of the relationships between faults and earthquakes in 
space and time. Geologic studies, especially a few highly focused fault- 
specific studies, have shown that individual past large-magnitude earthquakes 
can be recognized in the geologic record and that the timing between events 
can be measured. Such investigations of prehistoric earthquakes have devel­ 
oped into a formal discipline called paleoseismology. Additionally, they have 
yielded information on fault slip rate, the amount of displacement during in­ 
dividual events, and the elapsed time since the most recent event. These data 
can be used in a number of different ways and have led to the development of 
new approaches to quantifying seismic hazards (see review by Schwartz and Cop­ 
persmith, 1986). Specifically, they have allowed us to begin to develop mod­ 
els of fault zone segmentation, which can be used to evaluate both the size 
and potential location of future earthquakes on a fault zone, and also earth­ 
quake recurrence models, which provide information on the frequency of differ­ 
ent size earthquakes on a fault. At the same time, significant advances have 
been made in developing earthquake hazard models that use probabilistic ap­ 
proaches. These are particularly suited to incorporating the uncertainties in 
seismic source characterization and our evolving understanding of the earth­ 
quake process.

For Puerto Rico, there appear to be three types of paleoseismic investi­ 
gations using geologic data that have the potential to provide information on 
longer term earthquake recurrence on the island. These are: 1) Quaternary 
geologic studies of onland faults; 2) marine terrace studies; and 3) paleoli- 
quefaction studies.

Quaternary geologic studies of onland faults. Little is known about the seis­ 
mic potential of the many onland faults that cross the island, especially ma­ 
jor faults such as the Great Southern Puerto Rico fault zone. Microearthquake 
monitoring in western Puerto Rico (Asencio, 1980) clearly shows the widespread 
occurrence of small events in the shallow crust (upper 25 km) and indicates 
that this area is being actively stressed. Asencio (1980) suggests that de­ 
formation is occurring along surface or near-surface geologic structures
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although the microearthquake activity did not clearly delineate major individ­ 
ual faults. However, lack of microearthquake activity on a fault does not 
demonstrate that the fault is inactive or is not capable of producing moderate 
to large magnitude earthquakes. Many major active faults, for example the 
segment of the San Andreas fault that ruptured for 430 km 1n the M 8 1857 
earthquake or the Wasatch fault 1n Utah that has produced as many as 18 magni­ 
tude 7 to 7.5 events 1n the past 8,000 years, cannot be defined on the basis 

of their present day seismic activity.

Careful and focused mapping of the relationships between Quaternary de­ 
posits and faults can provide significant data on fault activity and behavior. 
This includes using fluvial and alluvial deposits, stream terraces, and soils 
to date the timing of slip on a fault. These kinds of studies can provide in­ 
formation on whether or not a fault is active within the present tectonic 
regime, the fault slip rate, the amount of time since the last large earth­ 
quake on the fault, and the size of past events. These types of studies have 
been extremely successful in providing information on fault behavior and 
earthquake recurrence in a wide variety of tectonic environments and geomorph- 
ic settings.

Marine terraces, teny subduction zone earthquakes produce uplift of the coas­ 
tline that results in the formation of terraces. These are referred to as co- 
seismic terraces. The 19 September Mexican earthquake caused coastal uplift 
of 0.5 to 1.5 m. By comparison, the 1964 Alaska earthquake produced terraces 
3.5 m in height and prior Alaskan events resulted in uplifts as high as 9 m. 
In New Zealand, Japan, and Alaska, sequences of coseismic terraces have been 
dated and they provide direct Information on the recurence times of large 
earthquakes. In addition, the heights of individual terraces can be used to 
estimate the similarity or difference in size of successive events. Uplifted 
marine terraces are observed in Puerto Rico and are especially well developed 
in the northwest, west, and southwest parts of the island. Terrace levels of 
uncertain lateral extent have been noted at elevations of 2 m to 35 m; more 
extensive terraces have been recognized at elevations of 50m, 80-100 m, 120 m, 
160 m, and 350 m (Weaver, 1968). Submarine terraces also appear to be pres­ 
ent. The degree to which individual terraces, especially the lower terraces, 
represent coseismic deformation or another mechanism of terrace formation (up­ 
lift due to folding or tilting) is not presently known. The terraces provide
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a means to measure long term rates of uplift, which can then be factored back 
into estimates of earthquake recurrence. They may have the potential to pro­ 
vide information on the source, size, timing, and style of deformation of 
offshore events. The Puerto Rico marine terraces deserve careful revaluation 
in light of recent Ideas about coastal deformation, mechanisms of terrace 
formation, and Pleistocene sea level changes (see review by Lajoie, 1986).

Paleoliquefaction. Liquefaction frequently occurs during moderate to large 
earthquakes. Recent studies of the 1886 Charleston, South Carolina earthquake 
have shown that by trenching locations where liquefaction has occurred histor­ 
ically, geologic relationships are exposed that make it possible to define the 
number, and date the timing, of previous liquefaction events (Obermeir, et 
al. t 1985) . This type of study can provide important data on the recurrence 
of the level of ground motion necessary to produce liquefaction at a particu­ 
lar site. This approach is especially useful when a specific causitive fault 
cannot be identified, perhaps because it lies offshore. Liquefaction has oc­ 
curred during historical Puerto Rican earthquakes, most recently in the Anasco 
area during the 1918 event. Sites of liquefaction during this and other 
earthquakes could be Identified in the field (using old photographs, damage 
reports) and trenched to estimate recurrence.

Information on the space-time pattern of past earthquakes in the north­ 
east Caribbean provides an important framework for forecasting the most likely 
locations and sizes of future damaging earthquakes in Puerto Rico. Important 
advances in our present understanding can be made through careful reevaluation 
of the historical and instrumental seismicity record, which can lead to re­ 
finement of the locations, hypocentral depths, and source mechanisms for many 
of these events. Paleoseismological techniques, including Quaternary geologic 
mapping of onland faults, marine terrace studies, and paleoliquefaction inves­ 
tigations have the potential to extend our knowledge of earthquake recurrence 
significantly beyond the historical record, therefore providing Information on 
long term earthquake behavior for use in earthquake hazard models.
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EARTHQUAKE VULNERABILITY STUDY FOR THE METROPOLITAN AREA OF SAN JUAN, PUERTO RICO

by
Jose Molinelli

Consultant to Department of Natural Resources 
San Juan, Puerto Rico

Introduction

Among natural hazards earthquakes are one of the most devastating 

catastrophic events. When an earthquake occurs near a populated area, 

widespread destruction of life and property takes place. The island of 

Puerto Rico is situated in a tectonically active zone and has experienced 

the effects of large earthquakes in the past. The 1918 and 1867 earth­ 

quakes had an estimated magnitude of 7.5 and were accompanied by destruct­ 

ive tsunamis. These events caused hundreds of deaths and millions of 

dollars in losses. In 1787 an earthquake with an estimated magnitude of 

8-8.25 severely shocked the northern coast of Puerto Rico. Similar events 

are likely to occur in the future.

Fortunately, a large earthquake has not affected the island in the 

past 62 years. During this period the population has tripled and urban 

areas have expanded proportionally. Presently, a significant portion of 

the residential, commercial, industrial, and transportation infrastructure 

is located on geologic materials that are vulnerable to earthquake induced 

geologic hazards. Thus, the potential damage created by future earthquake 

events in greater today than ever before.

This study examines the seismic vulnerability of the San Juan metro­ 

politan area by mapping the spatial distribution of geologic hazards and 

estimating the likely damage in these zones. Three important geologic 

hazards are considered: ground shaking, liquefaction, and landsliding. 

Evaluation of the tsunami hazard is beyond the scope of this study.

* Eds. This paper is reprinted from Conference XXX.



Each geologic hazard is mapped according to three levels of suscep­ 

tibility determined by the geologic hydrologic, and geomorphic character­ 

istics of each zone. Damage is estimated by adapting the procedures 

recommended by the Rice Center (1983) for the application of earthquake

risk analysis techniques to land use planning. The tasks of the earth­ 

quake vulnerability analysis are to

1) define tectonic setting and regional seismicity

2) identify sources of seismicity

3) define regional attenuation

4) select an earthquake hazard level for the analysis

5) define the geology of the study area

6) define and map ground shaking hazard

7) define and map liquefaction hazard

8) define and map landslide hazard

9) estimate damage ratio for each of the hazard zones 

Identification of risk situations is necessary for local disaster 

preparedness, land use planning, estimation of economic losses, identifi­ 

cation of measures for reducing expected economic loss,and for the selec­ 

tion and implementation of mitigation strategies.

50



Tectonic Setting and Regional Seismicity

The present tectonic regime of the Caribbean region differs mark­ 

edly from that of the past. Halfait and Dinkelman (1972) proposed that 

the Caribbean and East Pacific Plates formed a single unit that separa­ 

ted during the Eocene (fig.l). Most of the northern boundary of the 

northeastern Caribbean Plate changed from a convergent to a trascurrent 

type of boundary (fig.2). Recent work by Sykes et al., (1982) shows the 

opposite; the Plate's margin is convergent, suggesting that only the 

angle of subduction changed as the Plate evolved. The present seismicity 

results from the North American Plate moving 3.7 cm./year WSW with 

respect to the Caribbean Plate. (Sykes et al., 1982).

Seismic activity in the Caribbean Region extends northward from 

South America through the Atlantic side of the Lesser Antilles and 

Puerto Rico, then streaks westward through Hispaniola, the Cayman Trough, 

and Middle America. This belt of high seismicity corresponds to the 

boundary of the Caribbean Plate,which is nearly aseismic below the 

Caribbean Sea.

Earthquakes epicenters along the Caribbean Plate margin coincide 

with convergent and transcurrent plate boundaries. The Cayman Trough is 

characterized by relatively narrow belts of seismicity caused by left 

lateral strike-slip motion along steeply dipping fault planes. Right 

lateral strike-slip motion characterizes the southern boundary of the 

Caribbean Plate north of Venezuela. Wider belts of seismicity are pre­ 

sent in zones where convergent processes are ocurring. Plate conver­ 

gence in presently active from Hispaniola to Trinidad at the north and 

east portions of the Plate,and on its western boundary along Central 

America.
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EARLY OLIGOCENE

PALEOCENE

Figure 1. Distribution of plate boundaries and movement during the Paleocene and 
Early Oligocene (From Malfeit and Dinkelman, 1972).
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MIDDLE MIOCENE

PRESENT

Figure 2. Distribution of plate boundaries and movement during the Middle Miocene 
and Holocene (From Malfait and Dinkelman, 1972).
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Hypocentral distribution of seismicity in the Caribbean indicates 

a dip of seismic activity from the Atlantic Plate margin toward the 

Caribbean Sea. The foci of these earthquakes are distributed on well- 

defined planes that dip into the mantle. Dipping planes of seismicity 

define the position of the North American Plate which is plunging into 

the Earth T s mantle beneath the Caribbean Plate (fig.3). The results 

from data collected by the Puerto Rico Seismic Network firmly establish 

the existence and configuration of the North American lithospheric plate 

below the Puerto Rico-Island block. Intermediate-depth earthquakes lo­ 

cated by the Puerto Rico Seismic Network form a prominently inclined 

seismic zone dipping about 45-60 degrees from the Puerto Rico Trench to 

a depth of about 150 km.under the island (fig. 4).
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The Sources of Seismicity

* 

The on-site seismicity of Puerto Rico is characterized "by the general

absence of large and shallow events on the island itself. Small magnitude 

events of generally less than magnitude 3 typify its seismicity (Dart et. 

al. 1980). The largest shallow earthquakes on the island were located 

west of Guajataca in the northwest and near La Parguera in the southwest 

(NORCO-NP-1-ER, 1972).

Seismic events with epicenters in Puerto Rico are not likely to cause 

significant damage. The essentially undeformed nature of Middle Terciary 

limestones and the absence of evidence of faulting indicate a long period 

of tectonic stability with respect to surface faulting. Thus, the proba­ 

bilities of ground rupture due to faulting in San Juan are very low.

The off-site seismicity is the product of seismically active off­ 

shore zones where large magnitude events have occurred in the past. 

The most significant,seismically active,tectonic features capable of gen­ 

erating large earthquakes are the Puerto Rico Trench, the Mona Canyon-Mona 

Passage area, the Anegada Passage,and the northern portion'of the Muertos 

Trough along the southern slope of the Puerto Rico insular shelf (fig.5).

The Puerto Rico Trench forms an arc that extends about 100 km north 

of the eastern cape of Hispaniola to approximately 200 km east of Barbuda. 

It parallels the north-eastern Caribbean arc system. The Trench axis lies 

at a depth of 8 km north of the Puerto Rico-Virgin Islands platform. 

The Puerto Rico Trench is bounded by high angle faults with a structural 

configuration suggestive of a downdropped block. Most seismic events are 

of shallow focus and occur in clusters where the Mona Canyon meets the 

Puerto Rico Trench northwest of Puerto Rico and in the area inmediately
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northwest of Anegada. Fault zones just south of the Trench are likely 

to produce earthquakes with magnitudes as large as 8 to 8.25 (McCann, 

1984). Puerto Rico is aproximately 60 km from the southern wall of the 

Trench. The closest fault zone south of the Trench that extends to the sea 

floor is about 35 km north (NORCO-NP-1-ER pag 9.C-15) of the north central 

coast.

The Mona Canyon-Mona Passage area is located between Puerto Rico 

and the Dominican Republic. Seismic activity is largely concentrated on 

the western side of the Mona Passage. The most prominent features of the 

passage are the north and north-westerly striking gravens extending from 

the Muertos Trough in the South to the Puerto Rico Trench in the north. 

The Mona Canyon graven seems to be the source of the 1918 earthquake 

(M=7.5) which, in conjunction with a tsunami that flooded the coastline, 

caused widespread destruction in the north-western region of Puerto Rico. 

The earthquake was probably caused by vertical displacements of the faults 

bounding the Canyon (Reid and Taber, 1918).

The seismicity along the Muertos Trough is low compared to that of 

the Puerto Rico Trench. The Muertos Trough is located approximately 75 km 

south of Puerto Rico. It extends from south of the Dominican Republic to 

near the St. Croix Ridge. This structure is likely to be a subduction zone 

where the northern margin of the Venezuelan Basin moves underneath Puerto 

Rico. This may indicate that Puerto Rico is a smaller plate or block sepa­ 

rating the larger plates (McCann, 1984). Major quakes with a long repeat 

time are likely to occur on the slope south of Puerto Rico. Contrary to 

the eastern region where any fault rupturing during an event is of limited 

length (McCann, 1984), the western and central parts of the insular shelf's
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southern slope are likely to generate major earthquakes (M-7-8) 

because the tectonic blocks are bounded by long faults.

The Anegada Passage, lying 50 km east of Puerto Rico, consists 

of several basins and ridges that separate St. Croix from the Puerto 

Rico-Virgin Islands platform. Complex geologic features are present 

around the Virgin Islands and St. Croix basins. Faults in the northern 

wall of the Virgin Islands Basin are a likely source of strong shocks 

(M«7-8). The large earthquake of 1867 presumably originated along 

the northern flank of the Virgin Islands Basin (Reid and Taber, 1919). 

Although McCann's (1984) work concludes that the major earthquake hazard 

comes, not from great earthquakes to the north, but from major ones occur­ 

ring closer to the land, this author concludes that the major earthquake 

hazard to the Metropolitan Area of San Juan comes from the Puerto Rico 

Trench to the north for the following reasons:

a) The San Juan metropolitan area is closer to the Puerto 

Rico Trench (approx. 60 km.) than to the Anegada Passage (approx. 100 km.) 

or the Mona Canyon (approx. 120 km.)

b) Following McCann, the frequency of great seismic events ' 

in the Puerto Rico Trench may not be different from that of major events 

originating from faults closer to the land. Thus, closer epicentral dis­ 

tance and great events with the same frequency of major ones closer to 

the island expose the metropolitan area of San Juan to a higher hazard 

from this zone.

c) The portion of the Puerto Rico Trench north of San Juan 

is a zone of little seismicity likely to experience maximun magnitudes 

about 8.8.25 perhaps every 200 years (minimun value) (McCann 1984 Fig 6).

so
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Attenuation

The appropiate estimation of earthquake energy attenuation is a 

fundamental part of the seismic vulnerability analysis because energy 

attenuation, as determined by path parameters, determines ground motion 

intensity on a regional scale. The lack of strong ground motion records 

and the limited usefulness of attenuation rates from other geographical 

areas require the use of isoseismal maps from past earthquake events in 

the area. The critical data contained in an isoseismal map are the values 

of maximun intensities reported at various locations either in Modified 

Mercalli or Rossi-Forel intensity scales. These values are plotted on 

an iso-intensity contour map. The isoseismal map for the earthquake of 

October 11, 1918 and November 18, 1867 are shown in fig.8 and 9 re­ 

spectively. The contours can be deceiving because isoseismal maps typ­ 

ically represent intensity values reported at sites underlaid by allu­ 

vium or unconsolidated materials. Because these sites undergo more 

intense ground motion than sites underlaid by rock, attenuation functions 

derived from an isoseismal map without regard for the local site geology

may overestimate ground motion at the site of interest (Hays, 1980).
/

The regional earthquake intensity attenuation used in this study 

is presented in fig 10 . Differences of up to 1 on the Modified Mercalli 

intensity scale occurred between sites located in good and poor foundation 

conditions during the October 11, 1918 earthquake. This shows the effect 

of local ground conditions on earthquake ground motions. These intensity 

attenuation relations are equivalent to a reduction of 2 orders of magni­ 

tude at an epicentral distance of 120 kilometers. This relation is con­ 

sistent with that shown for the July 7, 1970 earthquake in Figure 11 

(Capacete, 1972).
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MILES 30

From Western Geophysical Research Inc

Figure 8. Isoseismal Map of the October 11, 1910 Puerto Rico Earthquake, 
(Intensitites are Rossi-Forel).
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ARECIBO

VI 
MAYAQUEZ

EPICENTER

MILES 30

Figure 9. Isoseismal Map of the November 18, 1867 Virgin Island Earthquake 
(Intensities are Rossi-Forel).
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. Prince William Sound Earthquake of 1964 M = 8.3
A Puerto Rico Earthquake of July 7, 1970, M = 5.8 A = 120 miles

SC TOO 150 2CO 

£ Mll£S

ATTENUATION SCALE

250 3::

Figure 11. Earthquake attenuation curve for the July.7, 1970, earthquake (From 
Capacete, 1971).
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Selection of Earthquake Hazard Level

A probabilistic approach that incorporates judgement of the researcher 

is used in the selection of the earthquake hazard level for this study. 

An earthquake recurrence analysis prepared by the Department of Natural 

Resources (personal communication: Anselmo De Portu) using a catalogue of 

all instrumentally located earthquakes within 330 kms. of San Juan between 

1915 and 1983 shows the one hundred year earthquake to be of an order of 

magnitude 8 on the Richter Scale (Appendix I). This is approximately the 

same order of magnitude as the largest earthquake in the historic record 

(8.0-8.25) (table 1). While great earthquakes (M< 7.75) will occasionally 

occur in the Puerto Rico Trench 50 to 100 kms to the north of the Island, 

the historic record and regional tectonic framework suggest that major 

shocks (M-7-7.5) occur on intraplate faults close to the Island just as 

frequently (McCann, 1984). These events (1867, 1918) did not cause serious 

damage in San Juant but on the east and northwest coasts. The 1867 and 1918 

earthquakes generated intensities equivalent to VI and V to VI at San Juan 

and Rio Piedras. The historic record indicates that San Juan has experienced 

an intensity VIII to IX only once  the 1787 earthquake. On the other hand, 

the Island as a whole, over a period of 450 years, had been subjected to one 

earthquake of intensity VIII or IX and to intensities VII to VIII five times 

(der Kiureghian and Ang, 1975). Thus, in terms of intensity, the island of 

Puerto Rico experiences on the average an MM intensity of VIII once every 

hundred years. Return periods in terms of intensity are presented below.
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Return period in years MMI Estimated maximum acceleration

50 VII .15

90 VII-VIII .18

100 VII-VIII .19

200 VIII .25

450 VIII-IX .33

500 IX .35

	(der Kiureghian and Ang, 1975).

Different criteria can be used to select a particular earthquake 

hazard level. Return periods of 500 years (maximum credible earthquake), 

of 100 years (widely used in flood plain management), and 50 years 

Approximate structure life in some areas) have been suggested for use 

in earthquake risk analysis (Rice, 1983) .. The maximum credible earth­ 

quake focuses on lower probability events with return periods of 300 

years or more. The most- probable earthquake considers a shorter return 

period of 100 years. Introducing conservatism in the selection of the 

maximum possible earthquake that can damage San Juan requires the se­ 

lection of the maximum historical earthquake (Slemmons, 1982) (8-8.25) 

and moving it the closest credible epicentral distance to the study 

area (approx. 60 kms.). Such earthquakes will produce maximum inten­ 

sities of X to XI, causing very severe to total damage in the San Juan 

metropolitan area. Its return period greatly exceeds the useful life of
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most building structures. A more realistic estimate is obtained by se­ 

lecting a smaller but more frequent earthquake capable of causing sig­ 

nificant damage. In addition, the damage pattern of the selected 

hazard level should exceed the threshold for most secondary geologic 

hazards. In this way, damages produced by higher levels of ground 

motion will change proportionally but not areally, permitting the 

estimation of likely damages for different hazard levels.

The 100 year earthquake, capable of producing an estimated MM 

intensity of VIII, fits the above requisites. Such intensity is felt 

in Puerto Rico (on the average) once every 100 years. Although San 

Juan experienced a similar intensity only once, conservatism dictates 

the use of the maximun intensity felt in Puerto Rico every 100 years.

Thus the selected hazard level is MM intensity VIII. Such 

intensity can be caused by an earthquake Richter magnitude 8 with 

epicenter 120 km north of San Juan.
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TABLE I

Most destructive earthquakes felt on Puerto Rico

Maximun

Date

1524-1528

Intensity

VI

1615 Sept. 8 VI

1717 VII

1740

1787

VI

VIII-IX

Description

The Anasco house of Juan Ponce de Leon 

and other strong buildings were destroyed. 

The shock was felt strongest in the north; 

from Mayaguez to Anasco

The earthquake and hurricane did much 

damage and caused great suffering in 

Puerto Rico. Epicenter probably in or 

near Santo Domingo. Many aftershocks 

daring the next 40 days.

Very strong and damaging earthquake. The 

San Felipe Church in Arecibo was complete­ 

ly ruined. The 100 year old parish house
(

in San German was destroyed.

The earthquake totally destroyed the 

Guadalupe Church in Ponce.

A violent earthquake felt over the entire 

Island. Many churches and chapels des­ 

troyed. In San Juan great damage was done 

to the forts of el Morro and San Cristobal 

as well as to the docks and the Cathedral.

1844 VI Severe earthquake of 30 seconds duration. 

The origin may have been north of Puerto 

Rico. Several houses and some public 

buildings were demolished or cracked. 

In San Juan nearly all stone houses were 

cracked.
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Date

Estimated Maximun 

Intensity Description

1846 November 28 VI

1867 November 18

1875 December 8

1906 September 27

1918 October 11

1946 August 4

1946 August 8

VII-VIII

VI

V-VI

VIII

VI

VI

Felt throughout the Island, Epicenter 

probably in the Mona Passage. More 

intense in the northwestern part of 

Puerto Rico.

This was the great Virgin Islands 

earthquake that caused very great 

damage, specially in the eastern 

part of Puerto Rico. The shock was 

followed by a severe tsunami

Strong earthquake knocked down some 

chimneys at sugar mills and damage 

was reported in Arecibo and Ponce.

Heavy double shock with epicenter 

north of Puerto Rico. In San Juan 

objects were overturned and people 

were frightened and confused, but 

material damage was not done.

Disastrous earthquake accompanied by 

tsunami. Very great damage to the 

west coast of Puerto Rico. Epicenter 

in the Mona Canyon northwest of Mayaguez

Strong earthquake with epicenter in 

the Dominican Republic caused general 

alarm and fear. No loss of life or 

serious property damage.

Strong earthquake of short duration 

accompanied by tsunami affected mostly 

the west coast. People terribly fright­ 

ened, but no significant damage was done,
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Geology

The San Juan metropolitan area lies on the northern flank of a 

thick sequence of highly deformed and faulted early Cretaceus to Early Terciary 

volcanic and sedimentary rock. Mid-Terciary epiclastic and limestone 

sequences rest over the deformed volcanic core. Late Terciary and 

Quaternary unconsolidated to semiconsolidated terrigenous materials 

overlie most of the Mid-Terciary formations and portions of the volcanic 

core (fig.12). The geology and the stratigraphic summary of the metro­ 

politan area of San Juan appear in fig 13 .

Three physiographic regions are present in the study area: the 

interior volcanic upland province, the northern Karst province, and the 

Coastal Plain province (fig.14). These provinces are characterized by 

a unique combination of relief, landforms, and geology.

The interior upland shows the effects of fluvial erosion over a 

complex sequence of volcanic and sedimentary deposits of Cretaceous and 

Early Terciary age. The Cretaceous rocks were formed during a period 

when volcanism and sedimentation were dominant geological processes. 

The lower Cretaceous rocks consist primarily of lava, lava breccia, 

tuff and tuffaceous breccia with some thin bedded sandstone, siltstone, 

and limestone. When exposed they are thickly weathered. Upper Cretaceous 

rocks consist of tuffaceous sandstone, siltstone,breccia, conglomerate, 

lava, tuff, and some pure and impure limestone lenses. When exposed 

they, too, are deeply weathered (Briggs and Akers, 1965; Briggs, 1964). 

The collision of the Caribbean Plate with the North American Plate by 

the end of the Mesozoic gave rise to the "Caribbean Orogeny" (Halfait 

et al., 1972). At the end of orogeny (Middle Eocene), most Cretaceous
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and Early Terciary rocks had been faulted, folded and intruded. Early

Terciary rocks were formed during a mountain building period.

Both intrusive and extrusive igneous activity were the dominant geologic

processes.

Intrusive rocks emplaced during the orogeny are mainly granodiorite, 

quartz-diorite, diorite and some minor quartz porphyry, gabbro*and amphi- 

bolite. Associated with the intrusives are zones of hydrothermal altera­ 

tion and contact methamorphism (Hildebrand, F.A., 1961).

Paleocene and Eocene deposits consist of siltstone, sandstone, con­ 

glomerate, lava, and tuff. They are locally deeply weathered.

The northern Karst province in the study area consists essentially of 

the following formations; San Sebastian, Cibao, Aguada, and Aymamon 

(Monroe, 1973, 1976, 1977, 1980, Pease and Monroe 1977). The. San Sebastian 

formation is at the base of the Mid-Terciary sequence,lying unconformably 

over Cretaceous volcanics and sedimentaries. The formation is heteroge­ 

neous and contains clayey sand, lenses of sandy clay, pebbles, and cobbles. 

South of San Juan it grades upward into thin bedded, fine sand and mottled 

clay. The thickness is greater than 40 meters. The Cibao formation con­ 

sists of an argillaceous marl, chalky limestone, and thin beds of sand 

and clay. Outcropping members are Miranda sand, upper member, and Quebrada 

Arenas and Rio Indio limestone. The Aguada formation consists of alterna­ 

ting beds of indurated calcarenite and clayey to chalky limestone. 

Its thickness ranges from 70 to 35 meters. Comformably overlying the 

Aguada is the Aymamon limestone formation consisting of massive to thickly bedded* 

very pure fossiliferous limestone (Monroe, 1980, 1973). Sinkhole formation 

is a potential hazard in the Aymamon and Aguada limestones formations.
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The Coastal plain province consists of Late Terciary and Quaternary 

deposits. Late Terciary sequences include older alluvial deposits, high 

terrace deposits, alluvial fans (Hato Key Formation), alluvium and river 

terrace deposits, silica sands, beach deposits, swamps, eolianite, and 

artificial fill.

Older alluvial deposits, high terrace deposits, and alluvial fans 

consist of varying proportions of clay, silt, and sand, mainly red or 

mottled red. The material is deeply weathered, stiff, and hard. Most of 

the non-quartz components are altered into clays. They are unrelated to 

present stream alluviation.

Holocene alluvium and river terrace deposits of Pleistocene age 

consist of sand, clay, and sandy clay. Beds of sand containing gravel 

are present at the sides of the Rib Grande de Loiza, Rib Grande de Bayamon, 

and Rib La Plata. Thickness is variable, but as much as 20 meters has been 

penetrated in the Bayamon and San Juan quadrangle areas, possibly as great 

as 100 meters at the sides of the Rib Grande de Loiza .

Silica sands of Holocene to Pleistocene age consist of very pure 

quartz sand 99% silica but locally containing organic matter.

The deposits grade downward into compact, ferruginous sand,mapped 

as blanket deposits,having a thickness ranging from 1 to 4 meters. 

In Santurce it was named Santurce sand (Kaye 1959). The outcrop of the 

Santurce sand is generally a loose, very well-sorted, medium grain, almost 

pure sand. It grades downward into the Older Alluvium where the cohesive 

nature of the clay binder imparts a great,dry strength. Erratic variations 

in the density of sand occurs with depth.
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Beach deposits consist of sand composed largely of fine quartz 

mixed with minor quantities of shell and volcanic rock fragments on 

beaches and abandoned beach ridges in the Carolina quadrangle area. 

Deposits are generally medium to course sand in other zones. 

Thickness varies from 1 to 5 meters but may reach more than 13 meters 

in the Luis Munoz Marin Airport area (Kaye, 1959). Beach rock is com­ 

monly present in the intertidal zone due to sand cementation.

Eolianites are cemented dunes consisting of sand and clayey sand, 

friable to consolidated, crossbedded, calcareous, eolian sandstone com­ 

posed of fine to course grains of shell fragments and quartz. The maxi­ 

mum thickness ranges from 20 to 30 meters.

Together with beach and eolianite deposits of Holocene age, swamp 

deposits dominate the northern portions of the study area. They consist 

of sandy muck and clayey sand generally underlaid by peat formed in man­ 

grove swamps. The peat is very compressible,generally 10 meters thick. 

Peat is the weakest foundation soil in the area.

Artificial fill has been placed over swamps, sections of the San 

Juan Bay, and in valleys to provide foundation for housing and industrial 

development. Fill material generally consists of sand, limestone, and 

volcanic rock. More than one third of the bay shoreline has been filled 

or dredged, mostly after 1940.
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Ground Shaking

Ground shaking is by far the most important earthquake induced geo­ 

logic hazard in the metropolitan area of San Juan. It is caused by the 

sudden release of elastic strain energy stored in the rocks. This process 

(faulting) generates different waves that propagate from the rupture zone. 

Two classes of waves are generated: body and surface waves.

Body waves consist of compressional (P) and shear (S) waves. They trav­ 

erse the Earth's interior with different velocities and motions. Surface 

waves are Love and Rayleigh waves that travel more slowly than body waves. 

Body waves are mainly high frequency vibrations that are likely to make low 

buildings resonate. Surface waves cause mainly low frequency'vibrations more 

efficient in making tall buildings vibrate. When buildings cannot resist 

earthquake vibrations generated by these waves, damage occurs (Hays , -1981).

It has long been recognized that different locations at essentially the 

same epicentral distance experience large variations in the distribution of 

damage due to the influence of local geologic and soil conditions on ground 

motion. Soil conditions such as thickness, water content, physical properties 

of the unconsolidated material, bedrock topography, geometry of the unconsoli- 

dated deposits and underlying rock, among others, can modify the ground surface 

motions by changing the amplitude and frequency content of the motion. Ampli­ 

fication of ground motion in a period range that coincides with the natural pe­ 

riod of vibration of the structure explains the distribution of damage 

(Hays , 1980). Shorter period waves oscillate in the same frequency range 

as lower buildings, affecting such structures close to the epicenter. Longer 

period waves, which oscillate in the same frequency range as taller buildings, 

travel farther and can affect such buildings at relatively great distances 

from the epicenter. This is a potentially serious hazard in the metropolitan
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area of San Juan because tall buildings can resonate with higher period 

waves generated by relatively distant earthquakes offshore.

Local soil conditions modify the seismic input by generating maximum 

accelerations at lower periods for stiff soils where short height struc­ 

tures are likely to suffer more damage. In soft soils maximum accelera­ 

tions occur at higher periods where taller structures are subjected to 

the worst conditions.

In general, areas underlaid by thick deposits of uncompacted artifi­ 

cial fill, by soft, water saturated mud, or by unconsolidated stream 

sediment,shake longer and harder than areas underlaid by bedrock (Brown 

and Kockelman, 1983). During the October 11, 1918 earthquake, the 

La Playa sector of Ponce was more severely shaken than the higher part 

of the city. Humacao suffered far more than other towns in the same 

area because it was built upon the alluvium. The greatest damage was 

registered in Aguada and Afiasco, both located on alluvial deposits, while 

Rincon, built on bedrock and closer to the epicenter than Afiasco, suffered 

much less damage (Reid and Taber, 1919).

Three main deposits are mapped in terms of ground shaking hazard. 

The lowest hazard is assigned to rock outcrops, high terrace, alluvial fan, 

older alluvial, and blanket deposits. Rock outcrops include Cretaceous and 

Early Terciary volcanic and sedimentary rocks; Middle Terciary formations 

such as Cibao, Ayraamon, Aguada and San Sebastian, and eolianites. The rest 

are semiconsolidated deposits of Pleistocene and Miocene age characterized 

by being stiff, hard, and compact. Depth ranges from less than 10 meters 

in Carolina to more than 100 meters in San Juan and less than 50 meters in 

Bayamon (Monroe, 1973, 1977; Pease and Monroe, 1977). Diagenesis has 

resulted in a material that behaves much like bedrock.
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All zones of moderate to high ground shaking hazard include all alluvial 

deposits of Holocene age and s^me terrace deposits of Pleistocene age. 

The deposits are present in the floodplains of Rio Bayamon, Rio Piedras, 

and Rio Grande de Loiza. In Carolina the sand, clay* and sandy clay beds 

are up to 100 meters thick. Beds of sand, clay, and sandy clay exceed 

20 meters in San Juan and Bayamon. These zones are much more vulnerable 

to ground shaking than the "stiff" clays but are considered, in general, 

less vulnerable than artificial fills placed over swamp and lagoonal 

deposits.

Fill materials have been shown to behave very poorly during earthquakes 

(Munich Re ,19 73). Extensive filling of mangrove swamp (Fig. 15) with fill 

material ranging from rock and sand, to soft, black, mucky clays dredged 

from the bottom of San Juan Bay after 1940, have created potentially 

unstable conditions. Manmade fills consisting of materials ranging from 

silt to sandy gravel have failed during earthquakes due to liquefaction of 

the basal zone of the fills themselves or in natural foundation materials 

underlying the fills (Keefer, 1984). In fact, flow failures carried away 

large sections of the port facilities at Seward, Wittier and Valdez, Alaska 

during the 1964 Prince William Sound Earthquake. Ground shaking induced 

failures caused the sinking of Port Royal in Jamaica 1692. Although the 

conditions where these events took place are not exactly the same as those 

present in San Juan Bay, the possibility of ground failure of portions of 

the artificial fill surrounding the Bay during a large earthquake cannot 

be discarded. The presence of relatively deep fill materials over swamp 

deposits and very high water tables place these areas under a combined high 

ground failure and ground shaking hazard. Ground shaking damages result

* Figures 15 and 16 are not available.
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from the interaction of ground motion with the building structure. 

Ground motion characteristics are mainly determined by the depth 

of the focus, its magnitude, attenuation, and local ground response. 

The most important of these factors have been discussed earlier in 

this report. Building damageability depends mainly on the building 

ordinances and their effectiveness, design and construction technology, 

type of building structure, and location.

In Puerto Rico, building regulations containing lateral force 

provisions for earthquake went into effect in September, 1954. Prior 

to that date buildings were constructed using individual standards 

selected by each builder; but a building code alone is no guarantee of 

an adequate building performance during an earthquake. Other factors 

such as the experience of the designers, material quality, quality of 

workmanship, and supervision affect damageability. Steinbrugge (1962), 

during an inspection of several buildings in the metropolitan area of 

San Juan, found that in many buildings earthquake provisions and work­ 

manship requirements were not effectively policed by the Puerto Rico 

Planning Board. Design errors and poor workmanship were commonly found 

even in the larger buildings.

Today, potentially serious deficiences are present in the actual 

building code. Leandro Rodrlguez (1984) emphasizes that the present 

building code does not consider ductility, does not address soil 

structure interaction, does not consider the importance of the structure 

(for example the same design criteria are used for hospital and for a 

one-family house), and does not recommend earthquake resistant designs 

for underground lifeline structures. Thus, in spite of the building
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regulations, a significant .number of structures in the metropolitan area 

are not likely to resist earthquake loadings adequately. Fortunately, 

the Seismic Committee of the Colegio de Ingenieros, Arquitectos y Agri- 

mesores has submitted to the Puerto Rican Building Permits and Regulation 

Administration an updated proposal for the design of earthquake resistant 

structures in Puerto Rico.

Damage assesment of ground shaking hazard follows the procedures 

recommended by Rice (1983). Most of the information presented below 

originates from this source. The methodology considers only damage to 

buildings. Other facilities such as plants, dams, lifelines, etc., are 

outside its scope. Damage assesment is obtained by overlaying a building 

inventory map on the hazard map.

The structure response for different types of buildings,ground 

motion, and soil condition is based on past earthquake experience. The 

predicted damage is expressed as percent loss or damage ratio. This widely 

used parameter represents the ratio of the cost of repair to the replace­ 

ment cost. For individual buildings, damage ratios beyond .5 are considered 

total losses. Since damage ratios of .3 already correspond to severe damage 

states, damage ratios typically vary from 0 to .3, increasingly rapidly to

1. The damage ratio for different building types are presented in 

figure 16.

The dominant type of building structure in the metropolitan area of 

San Juan is shear wall with seismic design ( estructuras a base de muros 

de corte con diseno slsmico) . Damage ratios for other types of structures 

are shown in fig. 17. Areas of low ground shaking amplification (B-l) 

correspond to a MM1 of VIII. In areas with moderate to very high ground
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motion amplification (B-2), damage ratios were raised .75 intensity 

(MMI). In areas with high ground motion amplification (B-3) damage 

ratios were raised 1.0 intensity (MMI). Damage ratios for ground 

shaking, liquefaction and landslides are shown in table2 .



DR

100

10

O.I
V7T ZT

MM I1 Modern Construction. No seismic design.
2 Modern Construction. Seismic design.
3 Average damage ratio used by Muchener Ruckversicherungs-

Gesellschaft (verbally communicated to Sauter and Shah, 1978)

Figure 16. Average damageability for "modern construction" taken from Sauter 
and Shah, 1978; originally from "Guatemala 1976 Earthquake of the 
Carribbean Plant," Muchener Ruckversicherungs-Gesellschaft, Munich.
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TABLE 2

Generalized Damage Ratio Estimates

Hazard Zone 

A-l

A-2

A-3

B-l 

B-2

B-3 

C-l 

C-2 

C-3

% Area

2

98

5

95

10

90

100

90

10

20

80

2

98

5

95

15

85

Damage Ratio

.35 

.05 

.35 

.05 

.35 

.07 

.05 

.15 

.35 

.35 

.20 

.10 

.05 

.10 

.05 

.10 

.05

Hazard zones are shown in the Earthquake-Induced Geologic Hazard 

Map included with this study.
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Liquefaction

Although landslide is chiefly a hillside process, earthquakes can 

also cause ground failure in the lowland due to the process of lique­ 

faction. When cohesionless water-saturated materials are subjected to 

earthquake vibrations, the tendency to compact is accompanied by an in­ 

crease in pore water pressure in the soil due to load transfer from soil 

particles to pore water. Drainage can occur, but if restricted, pore 

water pressure can rise to an amount equal to the weight of the column 

of soil above the soil layer. Under this condition the soil may suffer 

great deformations and behave like a fluid rather than like a solid for 

a short period of time. Any structures, fills, and embankments located 

on liquifying soil will undergo deformations. These can be caused by 

lateral spreads, flow failures, and by the loss of bearing strength. 

In addition, ground settlement and sand boils can occur. The settlement 

of sand is principally caused by the horizontal shear component of motion. 

Lee and Albasia (1974) found that vertical settlements from drainage 

effects may be as much as 3% of the height of the affected soil layer. 

If sands are saturated, ground subsidence might be expected from soil com­ 

paction and water drainage at stresses less than required to induce complete 

liquefaction. The volumetric settlements from pore water pressure lower 

than that causing liquefaction are generally less than 1%.

Geologic conditions favoring liquefaction are: 1) a potentially 

liquefiable bed or lense of porous, well-sorted sand, 2) water satura­ 

tion of intergranular pore spaces in the bed or lens , 3) confinement of 

pore water by impermeable layers above and below the liquefiable bed, and 

4) proximity of the liquefiable bed to the surface (50 feet or less).



Liquefaction occurs mainly where sands and silts have been deposited 

during the last 10,000 years and where ground water is within 10 meters 

of the surface. Generally, the younger and looser the sediment and the 

higher the water table, the more susceptible the soil is to liquefaction. 

In Puerto Rico, liquefaction was observed in the lowlands of Rincon during 

the October 11, 1918 earthquake. Water, bringing up sand, issued from 

cracks. The same phenomenum was observed in Anasco, but here the water 

brought up black sand. Liquefaction was reported in sandy, saturated 

alluvial materials in areas where the earthquake intensity (Rossi-Forel) 

was greater than VII (Reid and Taber, 1918). Massive water drainage from 

alluvial soils increased stream discharge for days after the earthquake.

Three major factors are conducive to liquefaction: ground shaking, 

a shallow water table, and sandy materials. In terms of ground shaking, 

the selected hazard level of MMI VIII is capable of generating cyclic 

stresses strong enough to cause liquefaction in the study area. The pre­ 

dominant minimum intensity for coherent slides and lateral spreads and 

flows is MMI VII. The lowest intensity reported is MMI V (Reefer, 1984). 

Thus, the study area will experience an MMI of 1 to 2 above the predominant 

minimum liquefaction threshold. Shallow water tables and sand deposits 

coincide in river channels, dunes, beach deposits, deltas, silica sand 

deposits, flood plains, and other topographic lowlands. In these areas 

the water table is usually less than two meters deep and rarely exceeds 

five meters.

Areas susceptible to liquefaction are mapped according to geomorphic 

setting, landforms, types and age of geologic deposits,and water table depth 

These factors are used to estimate areas of high, moderate, and low sus­ 

ceptibility. In large scale mapping, more refined methods based on boring
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logs and standard penetration tests (techniques developed by Seed and 

Idriss, 1971, and Seed, 1979) may be used to determine liquefaction 

potential. Included in areas of moderate to high susceptibility are 

Holocene beach deposits composed of sand consisting of grains of

quartz, volcanic rock and shells. Thickness ranges from one to 

five meters. A second area is found in the Carolina quadrangle where 

fine to medium sands are present on beaches, coastal dunes, and aban­ 

doned beach ridges. It is usually not thicker than ten meters, and 

the water table is less than two meters. Areas of high susceptibility 

include the very fine and loose sands of Cangrejos Arriba with a thick­ 

ness ranging from one to four meters and a high ground water table. 

Within these zones the ground failure potential is high in areas lacking 

lateral confinement, differentially loaded, loose sand deposits, or gentle 

slopes. Areas of low to moderate susceptibility include the older deposits 

of Holocene-Pleistocene age composed of almost pure silica sands derived 

from ferruginous sand by leaching. Loose sands are present on the surface. 

The degree of compaction increases irregularly with depth. Kaye (1958) 

noted the following features: 1) Great uniformity of sorting of the 

sand material 2) Lack of carbonate cementing material 3) High dry 

strength, imparted by clay, that acts as a binder 4) Erratic variation 

in the density of the sand with depth. Zones of low susceptibility are 

older Pleistocene silica sand deposits in the Bayamon quadrangle. 

They are one to four meters thick, and the water tables are generally 

deeper than in younger deposits. The liquefaction potential is not exclu­ 

sive of beach and silica sand deposits,but a very high potential is locally 

present in river channels, deltas, uncompacted fills, and lagoonal and
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flood plain deposits less than 500 years old. Due to map scale limi­ 

tations these areas are not mapped independently. Swamp and lagoonal 

deposits (hydraquents) are extensive in the study area and were mapped 

separately as zones with high liquefaction potential. Recent flood 

plain deposits are vulnerable where the alluvium is composed, of cohe- 

sionless materials such as silt, silty sand,.or fine grained sand. 

Most of the alluvium in the study area is composed of clay, sandy clay, 

and sand. Liquefaction induced flow failures and lateral spreading 

toward river channels are likely to occur where saturated sand lenses 

are present. Lateral spreading of flood plain deposits toward river 

channels destroyed more than 200 bridges during the 1964 Alaska earth­ 

quake. They are particularly destructive to pipelines and water mains, 

a factor which impeded the effort to fight the fire that ignited during 

the San Francisco earthquake (Hays, 1981). During the 1918 earthquake 

the Aguadilla water supply pipe over Rio Culebrinas was ruptured by com­ 

pression when the concrete piers supporting the pipe moved more than 2 

meters towards each other across the stream (Reid and Taber, 1918).

Liquefaction damage assesment requires the mapping of potentially 

susceptible sedimentary materials (table 3), the estimation of the percent 

area affected by liquefaciton, and the estimation of the damage ratio. 

Liquefaction mapping criteria have been presented above. The estimation 

of the percent area affected by liquefaction is done by adapting the pro­ 

cedures proposed by Rice (1983) based on the topographic and geologic 

conditions, soil profile characteristics, level of earthquake shaking, and 

liquefaction potential assesment using Seed's (1969) criterium. The reser- 

cher f s subjective judgement is critical in the evaluation, specially when 

detailed data is not available.
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The percentage of area affected by liquefaction and the corresponding 

damage ratio for a magnitude 6 earthquake is shown in figure 17. The selected 

earthquake hazard level (MMI VIII) approximately corresponds to a peak ground 

acceleration of .2g. and an earthquake Richter Magnitude 6 (fig. 18). 

The percent area affected by liquefaction is 17 percent and the damage ratio 

is .35 according to fig. 18. Because portions of the areas mapped under mod­ 

erate to high potential have higher blow counts (for example, indurated sand 

and beach rock) the percent area affected by liquefaction is overestimated. 

A conservative estimate of the percent area affected by liquefaction based on 

this researcher's judgement assigns 10 percent to areas of moderate to high 

susceptibility, and 2 percent to areas mapped under low susceptibility. These 

estimates can be improved by examining specific site profile characteristics 

and Standard Penetration Test results throughout potentially liquefiable 

deposits.
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LIQUEFACTION POTENTIAL 
PERCENTAGE OF AREA AFFECTED 
FOR A MAGNITUDE 6 EARTHQUAKE
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Figure 17
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Modified Mercalli 
Intensity Scale Ground Acceleration , g
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Figure 19. Intensity and acceleration relations proposed by Neumann, and 
Gutenberg and Richter (From Hays, 1980).
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Landslides

The term landslide, as used in this report, refers to all types 

of slope movements including falls, flows, slides, and topples.

Two main features that control earthquake induced landslides are 

slope inclination and the types and characteristics of the geologic 

materials beneath the slope. Ground motion can trigger landslides 

when slopes are subjected to repeated loadings consisting of irregular 

pulses that weaken and eventually loosen rock and soil materials forc­ 

ing them down the slope. Keefer (1984) studied the relationship be­ 

tween earthquake magnitude and areas affected by landslides, and the 

epicentral distance and Modified Mercalli Intensity at which different 

landslides occur. Areas affected by landslides show a strong correla­ 

tion with magnitude. Generally, landslides are caused by events greater

than M". 4.0. The selected hazard level can trigger landslides over an

2 area up to 100,000 km . This is extensive enough to cover the whole

island of Puerto Rico, assuming the epicenter of the selected hazard 

level is along the southern wall of the Puerto Rico Trench. In addition, 

the epicentral distance from the study area is closer than the minimum 

distance of 200 kilometers required to experience all types of ground 

failure. At a given epicentral distance, different areas experience 

different intensities. The selected hazard level will produce an MM 

intensity of VIII to IX (deep alluvium), a value up to 2 intensities 

above the predominant minimum seismic shaking intensities required to 

trigger disrupted slides and falls (MMI VI) and coherent slides, lateral
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spreads, and flows (MMI VII). Thus, ground motion in San Juan, given 

the areal, epicentral, and intensity characteristics of the selected 

hazard level, is strong enough to cause landslides, especially in 

steep slope areas and near weak geologic materials. The mapping of 

areas susceptible to landsliding takes into consideration slope incli­ 

nation as a primary factor affecting slope stability. In general, 

steep slope areas are chief sites of instability mainly through their 

control of the downslope component of the weight of slope material. 

However, the degree of stability depends considerably on the geologic 

material underlying the slope. Granular non-organic soils with little 

cohesion and low frictional strength are the most susceptible to failure. 

In addition, highly fractured or jointed rock, or rock which displays 

any other type of discontinuity, especially if planes are open, is sus­ 

ceptible to failure (Rice, 1983). Degree of susceptibility to landslides 

is mapped as high, moderate to high and low.

Zones of high susceptibility in the study area include those areas 

where geologic formations are characterized by a high landslide incidence 

due to steep slopes in vulnerable material, and the presence of a weak 

geologic stata below more resistant ones. Consequently, the Cibao - 

Aguada and San Sebastian terciary formations, and the Mucarabones sand 

are areas of high susceptibility. The first two formations show a high 

incidence of landslides extending along a considerable portion of their 

outcrop from Aguadilla to the southwestern portion of the San Juan metro- 

potilitan area. The geologic contact along steep scarpments where the 

Aguada formation rests on clay and sandy clay of the the Cibao formation 

is potentially unstable. In similar humid, tropical, geomorphic environ­ 

ments earthquakes have triggered rotational slumps involving failure of



incompetent,plastic strata beneath limestone (Simonett, 1967). 

Large landslides occur where the thick clayey beds of the San Sebastian 

formation beneath the Lares limestone are exposed along a scarpment that 

extends from Corozal to the west coast (Monroe, 1964). Although the Lares 

limestone is not present in the study area due to its eastern grading into 

the Mucarabones sand, steep portions of the clayey and pebbly San Sebastian 

and the Mucarabones sand are mapped as highly susceptible area.

Areas mapped as moderate to high susceptibility are located mainly at the 

southern portion of the San Juan metropolitan area where the interior moun­ 

tainous uplands begin. Slope inclinations range from 12 to 32 degrees but 

do not show any significant incidence of landsliding except along steep- 

sided excavations, such as roadcuts (Molinelli, 1983). Soils are mostly 

Inceptisols, characterized by shallow depth (40 cm.) over slightly weathered 

bedrock, and Ultisols, moderately deep to deep soils (1.5 m. deep) (Soil 

Survey, San Juan). When dry, the high clay content of these residual soils 

imparts a high cohesive stability to the slopes, greatly reducing their vul­ 

nerability to the probable earthquake On the other hand, protracted 

periods of rain can saturate the soils, increasing the pore water pressure, 

reducing the shear strength, and increasing the shear stress with the weight 

of the water. Under these conditions, the probable earthquake can trigger 

a large amount of debris, earth flow, and slides. In humid, tropical, geomor- 

phic environments similar to those mapped as moderate susceptibility, the 

percentage area that has failed during an earthquake of similar magnitude 

as the probable earthquake ranges from 25 to 40 percent (Simonett, 1967; 

Pain, 1972).
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Areas mapped as low susceptibility include nearly flat slope zones 

(less than 10 degrees inclination) and very stable rock outcrops. Included 

in this mapping unit are the low relief portions of the San Sebastian for­ 

mation and Rio Piedras siltstone, the Guaynabo formation, the Guaracanal 

Andesite, and the Frailes formation. Most of these areas are presently 

urbanized, a process that has further leveled the topography. There is 

little likelihood of significant downslope movement, except along exca­ 

vations. The rock outcrops included within this unit are the Aymamo'n 

and Aguada limestone formations and eolianites. In spite of steep slopes, 

limestones, along with other formations of Terciary age, are considered 

the most stable rock in Puerto Rico (Monroe, 1979). Case hardening 

by solution and immediate redeposition in situ stabilize the slope

(Monroe, 1976). Eolianites are very stable except where undermining has 
 

taken place due to mechanical and chemical weathering associated with wave 

action.

Not all slopes with landslide potential will actually fail at the 

selected hazard level. To estimate the expected percentage area of slope 

failure, criteria that reflect engineering judgement based on geological 

data and past earthquake experience (Rice, 1983) are incorporated. 

A conservative estimate of percentage area of failure assigns a value 

of 2 to 15 percent to areas of low, moderate, and high susceptibility (Fig. 19) 

These values can more than double if the earthquake occurs after a pro- 

tacted period of rain when the shear strength of the soil is lower. 

Landslide damage assessment assumes that for a given landslide potential, 

the percentage of area affected is the same as the percentage of buildings 

that suffer landslide induced damage. In addition, damage ratios (percent 

loss) are shifted arbitrarily by .5 intensity (Rice 1983).
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Summary and Conclusions

The tectonic setting and regional seismicity of the northeastern 

Caribbean expose the island of Puerto Rico to a high seismic hazard. 

Large magnitude events in 1918 (est. magnitude 7.5), 1867 (est. magnitude 

7.5- 7.75), and 1787 (est. magnitude 8.-8.25) caused hundred of deaths 

and millions of dollars in material losses. Similar events will occur 

in the future. Off-shore faults in the Puerto Rico Trench, Mona Passage- 

Mona Canyon area, Anegada Passage, and the Muertos Trough are the most 

important potential earthquake sources in the Puerto Rico area. The 

Puerto Rico Trench, approximately 60 km. north of the metropolitan area 

of San Juan, poses the greatest hazard to the study area due to its prox­ 

imity and high seismic potential (est. magnitude 8.8.25). On the basis 

of earthquake magnitude and intensity recurrence, regional attenuation 

and this researcher's judgement, the selected earthquake hazard level 

(most probable earthquake) for the risk analysis corresponds to a Modi­ 

fied Mercalli intensity VIII. This value is used as the basis for damage 

estimation. I

The geology and geomorphology of the study area were defined as a 

preliminary step to mapping earthquake-induced geologic hazards. Three 

hazards were defined for the study area; ground shaking, landslides, and 

liquefaction. A map depicting hazard zones was prepared showing three 

levels of susceptibily for each hazard. Damage ratio was estimated for 

each zone adapting the procedures recommended by the Rice Center for 

earthquake risk analysis. The most important geologic hazards in the 

metropolitan area of San Juan are ground shaking, liquefaction and land­ 

slides. The analysis concludes that the most vulnerable areas are the
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artificial fills placed over swamp deposits around San Juan Bay, Cano 

Martin Pena and Laguna San Jose and the alluvial deposits in the flood- 

plains of Rio Grande de Loiza, Rio Piedras and Rio Bayamon. Both areas 

are exposed to a high ground shaking and ground failure hazard. Located 

in these zones are important lifelines such as the Bahia de Puerto Nuevo 

thermoelectric plant, transmission lines, electric energy substations, 

water treatment plants, pumping stations, water mains, docks,airport 

facilities and vital expressways that link the capital with the rest of 

the Island.

Moderate to high liquefaction potential is present in the alluvial 

deposits of the floodplains of Rio Grande de Loiza, Rio Piedras and Rio 

Bayamon and in the loose saturated sands near the coasts. Located in 

these zones are a large number of high rises and housing units, airport 

facilities, roads, water mains, pumping stations, and other lifelines.

Moderate to high landslide potential is present in the southern 

portion of the study area. Landslide damage potential in this zone 

varies with the antecedent moisture conditions of the hillslopes. 

An earthquake after a protracted period of rains can severely affect 

lifelines specially roads, where slope excavations, overloading, removal 

of lateral support, and other similar situations cause potentially unstable 

slope conditions.

It is recommended that earthquake mitigation strategies focus on high 

risk zones on the artificial fills surrounding the Bay and lagoons, the 

floodplains of Rio Grande de Loiza, Rio Bayamon and Rio Piedras, and local­ 

ized zones near the coast characterized by a moderate to high liquefaction

106



potential. Site specific geotechnical studies should be conducted in 

areas of greater risk in order to assess the specific vulnerability.

Puerto Rico must prepare for a big earthquake. A significant 

portion of the residential, commercial and transportation infrastructure 

are located in hazardous zones. Today the potential damage that will 

be created by a large earthquake event is greater than ever before. 

This study is a. step in the efforts to prepare the Island for such ati 

event.
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INTRODUCTION

El Departamento de Ingenieria Civil con el auspicio del Departamento 

de Recursos Naturales celebrd un foro sobre la vulnerabilidad sfsmica del 

a"rea metropol itana de San Juan, con el objetivo primordial de examinar la 

informacidn recientemente presentada sobre la vulnerabilidad sfsmica del 

cirea para analizar las conclusiones obtenidas hasta el momento y poder hacer 

recomendaciones pertinentes para el future. En primer lugar, se presentara 

el estudio de la vulnerabl lidad sfsmica para el cirea de San Juan preparado 

por el doctor Jose* Molinelli, para el Depto. de Recursos Naturales, con el 

a"nimo de identificar las ctreas ma's susceptibles y de mayor vulnerabilidad 

del a*rea metropol itana en teVminos de los danos inducidos por fendmenos 

geoldgicos. El segundo objetivo es presenter resultados principales del 

estudio de licuaci<5n que se han estado realizando en el RUM especfficamente 

en el Depto. de Geologfa del RUM por el Prof. Alex Soto para poder comparar 

los resultados de ambos estudios.

En tercer lugar los estudios existentes sobre la vulnerabilidad sfsmica 

de San Juan deben de calibrarse de tal forma que las conclusiones primordiales 

de los mismos respondan a las realidades de Puerto Rico. Esta calibracidn 

debe de hacerse por lo menos en las siguientes a*reas: a) Seleccidn de 

intervales de recurrencia para establecer los mapas de zonificacidn sfsmica 

y para el disefio sfsmico de estructuras. b) Seleccidn del evento crftico 

para la determinacidn de la vulnerabilidad sfsmica en base al terremoto ma's 

probable o al terremoto m^ximo. c) Determinacidn de los para"metros sfsmicos 

inducidos por el terremoto seleccionado en base a criterios objetivos tales 

como aceleracidn, velocidad o desplazamiento, o en base a criterios subjetivos 

tales como la escala modificada Mercalli. d) Determinar el potencial de 

danos geoldgicos que puede inducir el terremoto esperado en teYminos de
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deslizamientos de masas, licuacidn de arenas y la magnitud de la amp!ificacidn 

de movimientos sfsmicos en la superficie de depdsitos profundos de baja 

consistencia.

Debemos edema's, identificar los trabajos adicionales necesarios para 

poder seguir obteniendo informacidn en cuanto a la susceptibilidad sfsmica 

del a>ea metropol itana de San Juan y finalmente debemos de final izar el foro 

con unas recomendaciones o conclusiones que sean utiles para las agencias 

que tienen la responsabilidad de mitigar los efectos devastadores de un evento 

sfsmico.
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PLATE TECTONICS IN TliE VICINITY OF PUERTO RICO - IMPLICATIONS FOR 

THE SEISMIC VULNERABILITY OF SAN JUAN

by

Dr. James Joyce 
Department of Geology 

University of Puerto Rico 
Mayaguez, P.R. 00708

A. Introduction

The objective of this paper is to describe the plate tectonic set­ 

ting and seismic activity in the vicinity of Puerto Rico and to discuss 

their effect on the seismic vulnerability of San Juan. The present work 

is based on several recent publications which have delt with Caribbean 

tectonics and seismicity. A list of these publications and others 

related to the problem are included in the bibliography. Readers should 

consult papers by Sykes et al. .(1982) and McCann and Sykes (1984) for 

complete description of the seismicity and submarine features of the Puerto 

Rico Trench discussed in the present study. The purpose of the present 

study is to stimulate more detailed and rigorous research into the seis­ 

mic potential of the Puerto Rico Trench.

B. Plate Tectonics and Seismicity

Earthquakes are produced by the release of elastic strain energy during 

slip along faults. The vast bulk of seismic activity or earthquakes a- 

round the world are confined to boundary zones between lithospheric 

plates (the rigid, outer 100 km of the earth). Plate boundaries can be 

divided into four types based on the sense of motion between the two ad­ 

jacent plates.
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1. Divergent boundaries occur where relative plate motions 

are at a high angle and away from the boundary. This 

type of boundary developes spreading ridges and forms 

oceanic crust.

2. Convergent boundaries occur where relative plate motions 

are at a high angle and towards the boundary. This type 

of boundary forms subduction zones which are characterized 

by inclined zones of increasing earthquake focal depths. 

Oceanic trenches typically occur at the shallow end of 

the seismic zones and volcanism is found where the seis­ 

mic zone reaches about 100 km. The inclined seismic 

zones are produced by underthrusting and sinking of ocea­ 

nic lithosphere.

3. Strike slip boundaries occur where relative plate motions 

are opposed and parallel to the boundary. These boundaries 

are characterized by one or more vertical faults with domi- 

nantly horizontal displacement such as the San Andreas 

Fault of California.

4. Oblique convergent boundaries occur where relative motions 

are at low to moderate angles and towards the boundary. 

These boundaries are mixtures of type 2 and 3.

Seismic activity occurs at all plate boundaries both as a product of 

interplate slip and intraplate deformation. Both convergent and strike
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slip boundaries produce large magnitude earthquakes and have been respon­ 

sible for death and destruction in many parts of the world.

C. The Northern Caribbean Plate Boundary

Puerto Rico and the Greater Antilles lie along the seismically active 

plate boundary between the North American and Caribbean Plates (Sykes et 

al., 1982). The plate boundary is located in the Puerto Rico Trench 

north of Puerto Rico, the Virgin Island and the northern Lesser Antilles. 

West of Hispaniola the boundary is marked by the Cayman Trough. The plate 

boundary zone passes through Hispaniola which results in complex seismi- 

city within the island.

East of western Puerto Rico the location of earthquake focal depths 

defines a southward inclined seismic zone of increasing focal depths which 

is continuous with the Lesser Antilles Subduction Zone (Schell and Tarr, 

1979; Sykes et al., 1982). The inclined seismic zone terminates below 

western Puerto Rico in an area of limited seismic activity and no deep 

earthquakes (McCann and Sykes, 1984; Ascencio, 1980). In eastern Kispan- 

iola focal depth studies define two zones of underthrusting located near 

the north and east coasts, and the Cordillera Central. The Hispaniola 

underthrusting zones trend northwest as opposed to the Puerto Rico - Vir­ 

gin Island "subduction zone" which trends east-west (McCann and Sykes, 

1984, Mann et al., 1984).

The exact nature of interplate motion along the boundary is contro­ 

versial. The controversv stems from two different models of the relative
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motion between the North American and Caribbean Plates. Minster and Jor­ 

dan (1978) suggest an eastward, 2cm/yr relative motion between the plates. 

The 2cm/yr rate is supported by the sane rate of spreading at the Cayman 

Ridge for the past 2.4 million years (MacDonald and Holcombe, 1978). A 

relative motion N70E at 4cm/yr was postulated by Sykes et al. (1982). An 

essential difference in applying the two models is the nature of interplate 

motion at the Puerto Rico Trench. If relative motion is eastward, the 

trench is a left lateral strike slip feature with a componant of extension. 

However, if relative motion is N70E, than the trench would be a zone of 

oblique convergence. The fact that the N70E relative motion requires some 

convergence across the Cayman Trough weakens this model as the Cayman 

Trough is an extensional feature (Mann et al., 1983). The study of crus- 

tal deformation around the Caribbean Plate supports the model of eastward 

relative motion and a strike slip boundary at the Puerto Rico Trench (Mann 

and Burke, 1984). Figures in Schell and Tarr (1979) describe large scale 

normal faulting in the Puerto Rico Trench supporting extension rather than 

convergence in the trench. Seismic studies by Stein et al. (1982, 1983) 

of the Lesser Antilles Subduction Zone support the slower 2on/yr rate of 

relative motion.

D. Plate Motion in the Puerto Rico Trench and the Seismic 
Vulnerability of San Juan

McCann and Sykes (1984) published a seismic potential map which sug­ 

gests a high potential for an 8-8.25 (R) earthquake in the Puerto Rico 

Trench north of San Juan. This Drediction is based on the occurrence of a
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VIII (NM) earthquake in 1787 which caused damage over much of the north 

and west coasts of Puerto Rico (Cambell, 1977) and the Sykes et al. (1982) 

tectonic model. Although Cambell (1972) suggested the location for the VIII (MM) 

1787 earthquake lie in the Mona Passage or eastern Hispaniola, McCann and 

Sykes (1984) estimated a location in the Puerto Rico Trench in the seismic 

gap area north of Puerto Rico (Murphy and McCann, 1979). They further 

suggest the earthquake was produced by interplate slip along a thrust 

fault during oblique convergence and attained a magnitude of 8-8.25 (R).

There are several reasons to question the predicted magnitude, loca­ 

tion and recurrance interval of the 1787 earthquake. First, because the 

data source for the 1787 earthquake is based on historical description the 

true location and magnitude are uncertain. Second, focal mechanism solu­ 

tions which suggest interplate thrust faulting are located in northwest 

trending seismic zones and structural highs such as the Main Ridge of the 

Puerto Rico Tench, eastern Hispaniola and the western margin of the Puerto 

Rico Trench, and the Cordillera Central of the Dominican Republic. Struc­ 

tures with northwest orientation in left lateral strike slip zones are 

under secondary compression and thus produce intraplate thrust faults. 

Secondary intraplate thrust zones are commonly very active seismically, 

which may explain most of the seismic activity in the area around the 

Puerto Rico Trench. Therefore, there is little evidence for intraplate 

thrust faulting in the Puerto Rico Trench. Third, relative plate motion 

may be half the rate assumed in the McCann and, Sykes (1984) prediction.
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A reduction in plate motion could substantially increase the recurrance 

interval of major earthquakes. Fourth, flat areas of the Puerto Rico 

Trench to the east and west of the Main Ridge show little seismic acti­ 

vity of any magnitude (McCann and Sykes, 1984; Murphy and McCann, 1979). 

and are considered seismic gap areas. These gaps could be areas domi­ 

nated by aseismic slip. Low rates of relative motion and subduction 

of old oceanic crust may increase the amount of aseismic slip (McCann 

and Sykes , 1984) . Both low rates of relative motion and sinking or sub­ 

duction of old ocean lithosphere characterize the Puerto Rico Trench in 

these seismic gaps.

The point of the previous discussion is that even if the 1787 earth­ 

quake was located in the seismic gap north of San Juan and attained a mag­ 

nitude of 8-8.25 (R) , its recurrance interval may be much greater than the 

predicted 200 years. Therefore planning and designing based on a 200 year 

recurring 8-8.25 (R) earthquake may be too conservative and not practical. 

New seismic potential models should be produced based on eastward rela­ 

tive motion between the plates and lower rates of 2cm/yr. Changing these 

factors may decrease the magnitude and increase the recurrance interval of 

the largest predicted earthquakes to effect San Juan. An earthquake of

lower magnitude may be a more practical design earthquake for the San Juan 

area. In conclusion the conservative seismic potential model of McCann and 

Sykes (1984) should be considered a preliminary estimate. More models 

should be researched before choosing a design earthquake for earthquake 

planning in the San Juan area.
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COMPARACION DEL ESTUDIO DE VULNERABILIDAD
SISMICA DE SAN JUAN CON LOS ESTUDIOS DE
SELECCION DE LOS NIVELES DE FUERZA PARA
DISENO SISMORESISTENTE DE PUERTO RICO

by

Samuel I. Diaz Santiago, Ph.D. 
Presidente, Comision de Terremotos, CIAPR

INTRODUCTION

Una vez se define el cuadro tectonico de una region, 

se identifican, sismicamente hablando, sus zonas activas y 

potencialmente activas, se establece cl historial sismicc 

a tono con las zonas anteriornente mencionadas y se evaluan 

las caracteristicas de atenuacion de movimientos de la zona, 

es posible hacer una estimacion de los niveles de movimiento 

anticipados y las caracteristicas principales de los mismos. 

Dependiendo del proposito del estu'dio y del grado de detalle 

necesario es posible que las caracteristicas geologicas de 

la region o area de estudio sean evaluadas para determinar 

de que forma podrian afectar los niveles de movimiento y 

sus caracteristicas principales.

En estudios tendientes a determinar criterios de dise­ 

no sismoresistente no es lo usual el que se realize un es­ 

tudio detallado de la geologia regional, excepcion hecha 

de casos como el de Mexico donde se han identificado zonas 

que cambian drasticamente los patrones de movimiento normal- 

mente anticipados. El potencial de amplificacion de los 

movimientos a consecuencia de los suelos se toma en consi- 

deracion mediante la inclusion de un factor dentro de la 

formula que determina el cortante basal de diseno.

La seleccion de los niveles de fuerza para el diseno 

sismoresistente de estructuras en una region se basa en 

dos criterios basicos, primero, el que la estructura de-
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her a resistir los eventos que prcduzcan intensidades meno- 

res y mas frecuentes sin que la misna sufra danos perma- 

nentes y, segundo, que de ocurrir el evento de mayor inten- 

sidad probable durante su vida util, la estructura debera 

resistir el mismo sin colapsarse, aun cuando sufra danos 

permanentes de consideracion. En paises en desarrollo, 

la aplicacion de estos principios en la seleccion de los 

niveles de diseno sismoresistente se dificulta debido a 

las limitaciones en el dinero disponible para inversion 

en la construccicn de estructuras. Si las fuerzas selec- 

cionadas resultan ser excesivamente altas con relacion al 

riesgo real, la inversion adicional a corto plazo sobre- 

pasara significativamente los beneficios de una reduccion 

en los costos de reparacion de danos a largo plazo. For 

el contrario, si se escogen niveles de fuerza demasiados 

bajos, sucederia lo inverso. For lo tanto, es necesario 

que el nivel de fuerzas seleccionado establezca un balance 

entre la inversion inicial y los costos de reparacion a 

largo plazo.

Un estudio de vulnerabilidad sismica, como el realiza- 

do por el doctor Molinelly (1), partiendo de la misma in- 

formacion que los estudios para la implementacion de un 

codigo sismoresistente, precede a estudiar detalladamente 

la geologia de la localidad estudiada, determina los ries- 

gos geologicos potenciales y, a partir de estos,estima el 

dano probable en las diferentes zonas.

Aun cuando ambos estudios tienen diferencias de en- 

foque, existen tangencias considerables en lo que respec- 

ta a la informacion basica que permite establecer la in-
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tensidad de los movimientos en roca o terrenes compete rites 

E s per tal motive cue es ccnveniente analizar criticair.ente 

esta data para asegurar cue, independienteinente de los pro- 

positos ulteriores, los niveles de estos movimientos sean 

similares.

SISMICIDAD Y TECTONISMO

La localizacion de los epicentres de los terremctos 

cue afectaron la Isla antes del terremoto de 1918 no es 

confiable. La informacion de la actividad sismica antes 

de esta fecha-se conoce por el relate de los hechos como 

aparecen en algunos archives historicos.

Los dos terremotos de importancia que han afectado 

a Puerto Rico en tiempos historicos son el de Islas 

Virgenes de 1867 y el de Puerto Rico de 1918. Un tercer 

evento, acontecido en 1787, ha ganado prominencia recien- 

temente, a raiz de estudios realizados por McCann (2) con 

respecto al tectonismo y sismicidad regional. Dicho even- 

to ha sido localizado por McCann en la zona de la Trinchera 

de Puerto Rico y estimado como de magnitud 8-8.25 Richter, 

de acuerdo con las caracterlsticas tectonicas de la region 

y del dano informado en registros historicos. La magni­ 

tud informada de este evento debe ser objeto de un escru- 

tinio minucioso, antes de ser aceptada como buena, pues 

existe evidencia al efecto de que ciertas estructuras 

historicas del Viejo San Juan no fueron afectadas signifi- 

cativamente por el mismo.

El terremoto del 18 de noviembre de 1867 esta asociado 

con la falla de Anegada al este de la Isla, y se le ha 

asignado una magnitud de 7.5 en la escala de Richter (3).
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Sin embargo, esbueno aclarar que un estimado de magnitud 

basado en datos sobre intensiaad p u e d e llevar a conclusioncs 

erroneas. Reid y Taber(4), basados en el centroide de las 

curvas isosismicas de intensidad, localizan el epicentre 

de este terrenoto cerca del limite norte de la trinchera 

de Anegada, entre St. Thomas y St. Croix. Este terremoto 

fue sentido fuertemente en toda la Isla. Causo graves 

danos a iglesias en el este de la Isla f el colapso de chi- 

meneas en Ponce y danos a iglesias y a la Fortaleza en 

San Juan.

El terremoto del 11 de octubre de 1918 fue registrado 

por instrumentos, y el epicentre fue localizado en el Canal 

de La Mona, en la latitud 18.5*N, longitud 67.3°0. La 

magnitud fue determinada, a base de las lecturas instru- 

mentales, en 7.5 de la escala de Richter. Este evento es 

considerado como el mas severe que ha afectado la isla en 

el pasado conocido. Se sintio fuertemente en toda la Isla, 

en especial en el area oes.te, causando la muerte a unas 114 

personas y danos estimados en $4 millones (dolares de 1918). 

Se origino un tsunami.

Los terremotos que nan ocurrido en el area de 

Puerto Rico desde el terremoto de 1918 al presente nan sido 

registrados en la Isla y existen sismogramas de todos ellos. 

Entre los mas importantes eventos registrados estan el te­ 

rremoto de 1943, con sus terremotos secundarios, y el de 

1946, con sus terremotos secundarios. Estos terremotos de 

magnitud de 7.8 y 8.1, respectivamente, fueron localizados 

en las coordenadas siguientes: 1943,latitud19.25°N, longi­ 

tud 67.5°0 y 1946, latitud 19.25°N y longitud 69.0°0. El 

terremoto secundario del terremoto de 1946 ocurrio 4 dias



mas tarde en la latitud 19.5°N y longitud 69.5°0, y recistrc 

una magnitud de 7.6 en la escala de Richter. EstcS ^ventos 

afectaron severamente a la Fepublica Dominican a. Sir. em bar- 

go,en Puerto Rico aunque fueron sentidos no causaron danos 

de consideracion.

La historia sismica de Puerto Rico indica que las tres 

fuentes de actividad sismica estan localizadas en el pasaje 

de La Mona (oeste) , la trinchera de Puerto Rico (norte) , 

cerca de la Cordillera submarine principal y la trinchera 

de Anegada (este) y la probabilidad es que estas locali- 

zaciones continuaran activas en el futuro sismico de la 

Isla.

La actividad sismica de un area depende de las carac- 

teristicas de las formaciones geologicas del area y para 

determinar la recurrencia de los terremotos es necesario 

identificar el mecanismo del terremoto que indudablemente 

esta relacionado con las caracteristicas del area. En 

el caso de Puerto Rico, se'conoce que la Isla esta locali- 

zada al sur de la trinchera de Puerto Rico que forma parte 

del borde norte de la placa tectonica del Caribe . 

De acuerdo con McCann, el canon de la Mona y la Cordillera 

submarina principal constituyendos condiciones tectonica- 

mente anomalas que sirven de concentradores de esfuerzos, 

dando origen a terremotos de magnitud superior a M=7 con 

cierta frecuencia. La zona de la Trinchera, entre estos 

dos extremes, ha estado mucho menos activa en el pasado 

conocido, pero es probable que haya estado almacenando 

energia durante este periodo y que sea capaz de producir 

terremotos de magnitud 8-8.25, si se delimita su largo 

potencial de rompimiento entre las dos irregularidades
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anteriormente mencionadas . Eventos de esta magnitud podrian 

ocurrir de acuerdo con McCann, con una recurrencia de no me- 

nos de 200 anos . Esta hipotesis se basa nuevamente en que el 

evento 1787 haya tenido una magnitud de 8-8.25, algo que nece- 

sita mayor corroboracion.

Aun cuando el tiempo de recurrencia de los terremotos va a de- 

pender de las caracteristicas elasticas de la roca que compone 

la masa terrestre en las 430 millas de espesor cercanos a la 

superficie de la tierra y de la irregularidad de la superficie 

de contacto a ambos lados de las fallas activas, una determina- 

cion de este tipo esta necesariamente limitada al estudio del 

historial sismico conocido. La Figura 4 nos ofrece una determi- 

nacion hecha por Der KiUreguian y Ang (5) para San Juan.

Otra caracteristica importante a considerarse en el sentido de 

la sismicidad de un area y, especificamente, en el tema de los 

reglamentos de diseno y construccion es la atenuacion de las 

aceleraciones producidas por las ondas sismicas. La Figura 5 

demuestra la atenuaci6n que produjo el terremoto de 1918, segtin 

el estudio que hicieran en Puerto Rico en el 1919 los senores 

Reid y Taber, Sobre este tema se han investigado varies terre­ 

motos en distintas partes del planeta. En contraste con el caso 

de California, en Puerto Rico la atenuacion de los movimientos 

sismicos es mas lenta. En ese sentido se puede decir que se 

asemeja mas al caso del este de los Estados Unidos, donde los 

terremotos se sienten a mayor distancia.
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INTr.NSIDAD DE LOS XOVIMIENTOS ANTICIPADCS

Tonando como base el historial sismico de la Isla y las condi- 

ciones tectonicas de la region, Housner (6) realize un estudio 

tendiente a establecer requisites de diseno sismoresistente 

para Puerto Rico, compatibles estos con el riesgo anticipado. 

Identifico una zona marina de aproximadamente 24,000 millas 

cuadradas (Figura 6), a la cual le asigno una sismicidad compa- 

rativa con la mayor actividad en el estado de California, E.U.A. 

Es importante notar que dentro de esta zona se incluye un area 

directamente a*l norte de la Isla. La inclusion de dicha area 

no se puede fundamentar en el historial sismico conocido (figura 

1). Sin embargo, segun explica Housner, al representar esta 

region el borde entre dos placas tectonicas es esta condicion 

suficiente para considerar la misma como una de gran potencial 

sismico future.

En la zona marina anteriormente identificada, Housner estima 

que se puede esperar que ocurran dos eventos de magnitud igua- 

les de mayores a 7.5 en la escala Richter cada 100 anos. A 

juzgar por el historial anterior, eventos de esta magnitud 

podrian ocurrir a distancias tan cercanas como 25 millas al 

oeste, 40 millas al norte y 50 millas al este de la Isla (Fi­ 

gura 6) .

En vista de que en la Isla no se han registrado instrumental- 

mente movimientos sismicos destructives, Housner opto por pre- 

sumir que las caracteristicas de los mismos seran similares a 

las de California. Uso como argument© el que los movimientos 

s£smicos registrados durante el terremoto de Managua, Nigaragua 

resultaron ser parecidos a los registrados en California bajo



condiciones analogas. Utilizando este criterio es posible se- 

leccionar un evento de magnitud similar a la del terremoto an- 

ticipado en la region bajo estudio y cuyos mcvimientos hayan 

sido registrados instrumentalmente a distancias parecidas a 

las que se espera podria ocurrir el mismo. Se estudian los di- 

ferentes registros para determinar particularidades tales como 

aceleracion maxima, las frecuencias predominantes y su duracion. 

Aquellos registrcs que reflejen condiciones especiales se utili- 

zan posteriormente para establecer espectros de la respuesta, 

a partir de los cuales es posible definir los niveles de fuerza 

a utilizarse en la reglamentacion.

Housner identifico el terremoto de Tehachapi, California, (M=7.7) 

acontecido el 21 de julio de 1952, como el que mejor refleja 

las condiciones anticipadas para Puerto Rico. Dos de los regis­ 

tros de este sismo presentan caracteristicas especiales, las 

cuales deben de ser tomadas en consideracion al establecer las 

fuerzas de diseno. Uno de.estos es el registro de Taft, tornado 

a una distancia de 25 millas del epicentro del terremoto, el 

cual es representative del tipo de movimientos anticipados para 

un evento que se centre a distancias cercanas de las zonas ur- 

banas al oeste, norte y este de la Isla. El acelerograma del 

componente S69E para el registro de Taft se ilustra en la Figura 

7.

El segundo registro de interes es el que conoce como el del 

Hollywood Storage Basement. Este registro se tomo a 65 millas 

de distancia del origen. Sus movimientos son representatives 

de los que ocurririan cuando el sismo se origina a distancias 

mas lejanas. La Figura 7 ilustra el componente sur de dicho 

registro.
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Los dos tipos de medicion poseen particularidades que ameritan 

ser discutidas. El registrc de Taft refleja un nivel de acele- 

racion maxima de 0.18 g. contra 0.05 g. en el caso del Hollywood 

Storage Basement, o sea, una razon de aproximadamente 4 a 1. 

Sin embargo, debido a la predominancia de las frecuencias bajas 

en el registro de Hollywood su efecto en estructuras altas sera 

mas significative, reduciendo esta razon de intensidad a solo 

de 2 a 1. En adicion, s e g u n se puede observar en la Figura 7, 

la duracion de los movimientos en el caso de Hollywood es mucho 

mayor que en el de Taft. For lo tanto, si una estructura entra 

en el regimen inelastico bajo el efecto de movimientos similares 

a los de Hollywood, la mayor duracion de los movimientos se habra 

de traducir en mayor dano. Para Puerto Rico, Housner ha reco- 

mendado la utilizacion de 1.5 veces los movimientos registrados 

en el Hollywood Storage Basement como representatives de los 

movimientos causados por un evento lejano. Dicho increment© se 

justifica debido a que la atenuacion de movimientos de Puerto Rico 

es menor que en California.

El evento lejano, o sea, 1.5 x Hollywood Storage Basement, re- 

presenta el tipo de movimientos con mayor probabilidad de ocurrir 

durante la vida util de las estructuras. Las fuerzas de diseno 

a seleccionarse deberan ser lo suficientemente altas para garan- 

tizar que bajo el efecto de este evento frecuente, las deforma- 

ciones maximas producto de incursiones inelasticas, o sea, la 

ductilidad requerida, se pueda mantener a un nivel bajo. Para 

un nivel de ductibilidad bajo, los danos estructurales se redu- 

cen a un minimo, lo cual es muy deseable pues evita la inversion 

en reparaciones frecuentes como resultado de eventos de este tipo.



Las probabilidades de ocurrencia del evento cercano, el regis- 

tro de Taft, son mucho menores. Para esta condicicn extrema 

y poco probable es aconsejable, desde el punto de vista econo- 

mico, el que se permita la movilizacion de un nivel de ducti- 

bilidad alto en las estructuras, aun cuando este enfoque impli- 

que el que ocurran danos considerables. Lo importante en estos 

casos es evitar el colapso de la estructura. De esta forma se 

puede lograr un mejor balance entre la inversion inicial atri- 

buible al diseno sismoresistente ylos costos de reparacion a 

largo plazo.

Resulta interesante comparar los valores de aceleracion maxi- 

mos del terreno, propuestos por Housner para Puerto Rico, con­ 

tra los que resultarian si se utiliza la formula propuesta 

por Donovan (7).

a = 1080e°- 5M (A + 25)' 1 - 32

donde :

2 
A es la aceleracion maxima del terreno, en cm/sec

M es la magnitud del terremoto

A es la distancia desde el terremoto al punto de interes, 

en kms. Esta formula proyecto un valor identico-al de 

una lectura tomada a 54 millas de distancia durante un 

sismo de M = 4.9, ocurrido en 1975, al norte de Puerto 

Rico (8). En la Figura 8 se puede observar como los va­ 

lores propuestos por Housner son muy semejantes a los 

pronosticos de la formula de Donovan para un evento de 

M = 7.7 y las distancias propuestas.

Si se utiliza la formula arriba indicada para determinar el nivel 

de aceleracion maxima esperado en San Juan, de postularse un

137



evento de magnitud 7.7 en la pared sur de la Trinehera de 

Puerto Rico, a unas 40 ir\i 11 as al norte de San Juan, se obtiene 

un valor de 0.14 g., como se ilustra en la Figura 9. Resulta 

conveniente comparar este resultado con el obtenido por otros 

estudios realizados para la Ciudad Capital, los cuales se ilus- 

tran en la Figura 9. Aun cuando los valores obtenidos en otros 

estudios tienden a estar un poco por encima de lo que arroja la 

formula, la variabilicad no es muy grande . Es interesante men- 

cionar que en el estudio de Der KiUreguian y Ang al evaluarse 

la data historica disponible para San Juan, arroja esta inten- 

sidades Mercalli Modificada de entre VII y VIII, las cuales 

traducen en aceleraciones maximas del terreno de entre 0.07 g. 

a 0.15 g. para un periodo de recurrencia de 90 anos . Ademas, 

hay que reconocer que Housner ha propuesto la utilizacion de 

un evento cercano con aceleracion maxima de 0.18 g. para toda 

la Isla, lo cual concuerda muy bien con los valores maximos 

propuestos por los diferente.s estudios para el area metropoli- 

tana de San Juan.

En su estudio de vulneralidad para el area de San Juan, 

Molinelly ha tornado en consideracion data de historial sismico 

y un cuadro tect6nico esencialmente igual al descrito anterior- 

mente, como base para su estudio. En base a su evaluacion de 

la data historica, Molinelly ha determinado que una intensidad 

Mercally Modificada de VIII es representativa de lo que se debe 

esperar una vez cada 100 anos. Si se utiliza la misma formula 

de Gutemberg & Richter que usaron Der Kiureguian y Ang, a saber,
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Esta intensidad correspcr.deria a una aceleracicn de 0.15 g. , 

la cual compara favorablemente con los otros valores discutidos 

anteriornente para el area metropolitana de San Juan. Es impor- 

tante mencionar que Molinelly utiliza intensidad Mercally Modi- 

ficada, en lugar de aceleracion maxima del terreno, como medida 

de la severidad de los movimientos anticipados, porque la meto- 

dologia que se utiliza en su estudio para hacer un estimado de 

los danos para diferentes tipos de construccion esta basada en 

intensidad MM.

La dificultad que presenta la utilizacion de escalas como la 

MM para establecer danos y, mas aun, niveles de fuerza es que 

introducen un grado de subjetividad considerable. Basta compa- 

rar los-rangos de aceleracion maxima del terreno asociados con 

un grado de VIII en la escala MM utilizando la formula de 

Gutemberg y Richter para ver que existe un alto grado de varia- 

bilidad (entre O.15 y o.32 g.). Mas impactante aun es comparar 

estos valores con los que pronostica Newmann (9), a saber, entre 

o.30 y o.60 g. Es por tal motivo que, siempre que sea posible, 

es preferible utilizar criterios de atenuacion basados en la 

aceleracion del terreno. En ese sentido, la formula de Donovan, 

que pronostico exactamente un registro de aceleraci6n para el 

area de Puerto Rico presenta una mejor alternativa, aun cuando 

sera necesario seguir corroborando su efectividad en pronosticar 

los niveles de movimientos de eventos futures.

En cuanto a la amplificacion de los movimientos como consecuen- 

cia de la presencia de terrenes debiles y comprensibles debe 

mencionarse que existen metodos analiticos para estimar el nivel 

de amplificacion a partir de los movimientos en roca y de las
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caracteristicas particulares del terrene. Un estudio de este 

tipo fue realizado per el Dr. Rafael Jimenez, et. al. (10) 

para el Valle del Rio Grande de Arecibo, el cual alcanza una 

profundidad cerca de 300 pies de material corapresible . Esta 

condicion es representiva de la peor situacion anticipada para 

el caso de Puerto Rico. En este caso se encontro que la ampli- 

ficacion maxima de los movimientos fue de un 40 poreiento / bajo 

los movimientos de 1.5 Hollywood Storage Basement para una 

capa de 300 pies de profundidad. Aun cuando es posible que 

de haberse hecho una determinacion de amplificacion para una 

capa de un espesor menor, que reflejara un perfodo predominante 

cercanoal segundo, se encontrara una amplificacion un tanto mayor, 

se puede concluir que el rango de amplificacion maximo debe 

estar cercano a 1.5. Es precisamente este el valor maximo que 

alcanza el factor de suelos, S, en la formula de cortante basal 

propuesta para el Codigo nuevo.

Al considerar el efecto del terreno en la amplificacion de los 

movimientos Molinelly le ha asignado un aumento de un grado en 

la escala MM para los terrenos mas debiles existentes en el 

area Metropolitana. Usando nuevamente la formula de Gutemberg 

& Richter,este valor se traduciria en una aceleracion de o.32g., 

o sea, una amplificacion de 100% en cuanto aceleracion se re- 

fiere. Este valor se hace mas significativo si se reconoce 

que cuando un evento mayor se centra a distancias cercanas del 

area de estudio el contenido de frecuencias altas es predomi­ 

nante mientras que los depositos debiles tienen frecuencias 

fundamentales bajas, por lo que la situacion no es muy favora­ 

ble a que se produzcan amplificaciones significativas.
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ESTIMADOS DE DASOS

Las determinaciones de los estinados de dafios por tipos de cons 

truccion en el estudio de Molinelly se basa en un trabajo de 

Sauter y Shah (11). Sauter y Shah han asociado el porciento 

de dano de un tipo especifico de construccion con la intensi- 

dad MM. Resultaria interesante identificar la relacion usada 

por ellos para arribar a los niveles de aceleracion cue habran 

de sentir los diferentes tipos de construccion para los dife- 

rentes niveles de intensidad MM, pues es este valor en cierta 

medida el que refleja el nivel de dafios a sentirse por la 

estructura. Como se ha senalado anteriormente, la intensidad 

de los movimientos , medida en MM, esta sujeta a mucha variacion 

y esto puede crear variaciones significativas en el nivel de 

danos.

Otro punto que es necesario sefialar es que el nivel de danos, 

como promedio, que habra" de sostener un cierto tipo de cons- 

trucci6n en Puerto Rico va a depender de lo adecuado del Co- 

digo vigente, de la calidad del diseno, de la calidad de la 

construccion y de la inspeccion que se le de a la construccion. 

.Es por tal motive que graficos como el propuesto por Sauter 

y Shah, atfn cuando resultan conveniences para aplicar por su 

relativa simplicidad, deben ser atemperados a la condicion 

local. Puede que de una evaluacion de este tipo resulte que 

los graficos habran de reflejar mayor o menor dano que el que 

se refleja en el grafico usado. Lo importante es que reflejara" 

mejor la condicion de Puerto Rico.
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LICUACION DE ARENAS 
(LIQUEFACTION OF SANDS)

Pedro Jimenez-Quinones, Ph.D.*
Profesor Ad-Honorem

Departamento de Ingenieria Civil
Universidad de Puerto Rico

R E S U M E N

Dado el interes que se ha demostrado por los ingenieros en los pasados 

meses, por los dafios ocasionados por el proceso de licuacion en arenas durante 

un terremoto y con el proposito de presentar conceptos fundamentales para 

el entendimiento del fenomeno de licuacion es que presentamos este articulo.

La agitacion que produce un terremoto puede ocasionar una perdida de 

resistencia en suelos saturados no cohesivos la cual se conoce por el fenomeno 

de licuacion.

El fenomeno de licuacion ha sido observado en Anchorage, Alaska en 

Niigata, Japon y Mejico durante los terremotos de Alaska y Japon en 1964 

y Mejico en 1985.

En este trabajo se presentan conceptos basicos de licuacion de arenas 

y perfiles de suelo del a"rea metropolitana de San Juan con el fin de alertar 

contra las especulacion.es que se hacen en Puerto Rico a diario de que todos 

los suelos se pueden licuar y que todos los cerros (montes) se van a deslizar 

cuando ocurran terremotos, o periodos intensos y prolongados de lluvia.
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INTRODUCTION

Estoy muy agradecido a mi colega, Dr. Rafael Jimenez, profesor del 

Departamento de Ingenieria Civil del Recinto Universitario de Mayaguez por 

su invitacion a participar en este foro sobre la Vulnerabilidad Sismica de 

San Juan.

Aplaudimos esta iniciativa del profesor Rafael Jimenez de organizar 

este foro luego de lo ocurrido en Mejico y de los ultimos acontecimientos 

ocurridos en Puerto Rico el pasado 6 de octubre.

No es dificil encontrar el entusiasmo e interes observado por companeros 

ingenieros civiles, geologos y companeros de otras profesiones cuando ocurre 

un desastre como el de Mejico para luego aplicar las ensefianzas aprendidas 

a Puerto Rico en casos de desastres similares.

Los movimientos del terreno que se generan cuando ocurre un terremoto 

pueden ocasionar una perdida de la resistencia o rigidez de los suelos satu- 

rados, no cohesivos, la cual resulta'en asentamientos, y fallas de estructuras, 

deslizamientos de taludes en corte y terraplenes, fallas de represas de tierra 

y otros danos en general. El mecanismo o proceso que conlleva la perdida 

en resistencia o rigidez del suelo se llama licuacion la cual esta asociado 

primordialmente, pero no exclusivamente, con los suelos saturados no-cohesivos 

(arenas).

El fenomeno de licuacion de suelos ha sido observado en casi todos los 

terremotos grandes y por lo general ha ocasionado muchos danos. Las destruc- 

ciones ocurridas como consecuencia del proceso de licuacion durante el terre­ 

moto desastroso de 1964 en Niigata, Japon, atrajo la atencion de ingenieros 

en muchas partes del mundo. (Slides 1,2,3,4,5,6-11)
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Desde mediados de la decada de 1960 programas de investigaciones ban 

sido dirigidos a predecir el proceso de licuacion en suelos durante un terre­ 

moto. Especialmente en los Estados Unidos y Japon se ban obtenido progresos 

impresionantes (1) en reconocer los peligros de licuacion,(2) entender adecua- 

damente el fenomeno de licuacion, (3) analizar y evaluar el potencial para 

la licuacion de una localidad y (4) desarrollar la tecnologia adecuada para 

mitigar los peligros de los terremotos. Sin embargo, existen problemas, 

concernientes a licuacion que estan aun sin resolver, particularmente, en 

los cases de estructuras criticas como son las plantas nucleares.

FUNDAMENTOS DE LICUACION

Los conocimientos de licuacion y sus efectos o danos ban provenido de 

tres areas a saber: (1) observaciones realizadas durante y despues de ocurrir 

un terremoto, (2) resultados obtenidos de experimentos realizados en el labo- 

ratorio con muestras remoldeadas de suelo y de modelos de estructuras (funda- 

ciones y represas) y (3) analisis teoricos.

En el campo la manifestacion mas contundente que observamos del proceso 

de licuacion es la ocurrencia de volcanes donde la arena bulle (boils), indi- 

cando que la sacudida producida por el terremoto ba generado presiones hidros- 

taticas en exceso dentro del suelo saturado. (Slide 6) El suelo saturado 

es un sistema de compuesto de dos fases a saber: (1) particulas solidas 

y (2) agua. El agua es quien coge la presion en exceso ocasionando esto 

que el agua baga un canal o busque un paso por donde salir y a la vez arrastre 

o lleve consigo particulas de suelo a la superficie del terrene. Durante 

algunos terremotos se ba podido medir con instrumentacion presiones de poros 

en exceso a distintas profundidades. (Slides 12 y 13)
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Los efectos de licuacion lo podemos observar en diversas formas tales 

como: deslizamientos de taludes en corte y en represas de tierra, el asenta- 

miento y vuelco de edificios y estribos de puentes, en desplazaraientos horizon- 

tales y algunas veces el colapso total de rauros de retention. Tambien se 

ban podido observar, traslacion lateral de masas de suelo, asentarcientos 

grandes del terreno e inundaciones, danos a vias de ferrocarriles, carreteras, 

tuberias, etc.

Estudios de campo ban confirmado ampliamente que los suelos no cohesivos, 

como son las arenas,, son los mas susceptibles al proceso de licuacion. Igual- 

mente se ban encontrado depositos geologicos recientes que tambien son muy 

susceptibles. Tambien podemos afirmar que .depositos de suelos que se ban 

licuado durante un terremoto ban vuelto a licuarse durante terremotos 

subsiguientes.

Para entender el concepto de licuacion debemos aclarar los conceptos 

fundamentals de esfuerzos geostaticos, en el elemento A localizado a una 

profundidad Z (figura 1). De la figura 1 tenemos que: (Slide 14) 

esfuerzo total, P = Z )T sat. 

presion de poros, Uw * Z tfw 

esfuerzo efectivo, p = Zf*-

La resistencia de la arena es debida a friccion interna entre particulas, 

solamente. Para la arena saturada la resistencia se puede expresar como:

S = (P - Uw ) tan A 

donde:

S - resistencia

= angulo de friccion interna, (se obtiene de un ensayo de corte directo

o triaxial) 

P - esfuerzo total 

Uw = esfuerzo o presion de poros
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En la naturaleza podemos encontrar muchos casos de esfuerzos o presion 

de poros, los cuales se deben a: (1) nivel freatico y sus fluctuaciones, 

(Slide 15) (2) flujo de (Slide 16) agua durante una excavacion, (3) cambio 

de volumen, (4) tension capilar. Las figuras 2 y 3 muestran los casos 1

y 2.

En la figura 4 (Slide 17) presentamos el mismo perfil de arena indicado 

en la figura 1. Hemos colocado un piezometro a una profundidad, Z, con el 

proposito de medir la presion de poros durante y despues del terremoto. 

Digamos que la presion de poros maxima es igual a + U, que no es otra cosa 

que el producto de la lectura en el piezometros y el peso especifico del 

agua. For lo tanto el esfuerzo efectivo (intergranular) antes del terremoto, 

Z ' , se ha reducido por la cantidad de U, o sea que la resistencia de 

la arena a la profundidad Z, es igual a: 

S * (Zjf ' - h w ) tan A

Debemos reconocer que las presiones de poros generadas durante un 

terremoto varian con la intensidad del terremoto y con el tiempo de duracion. 

Dependiendo de la permeabilidad de la arena se disiparan las presiones de 

poros generadas. La disipacion de las presiones de poros varia con el tiempo 

(Figuras 5 y 6). De la Figura 6 se puede ver que el valor maximo de presion 

(Slide 12 y 13) de poros ocurre a la profundidad mayor que resulta ser 14 

metros.

Valores representatives del angulo de friccion interna para arenas de 

acuerdo a Terzaghi y Peck (1974) estan indicados en la Tabla 1 (Slide 18). 

Comunicacion personal del Dr. Carlos Rodriguez indica valores mas bajos (-18°) 

para arenas calcareas lo cual es logico de esperar.
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La figura 7 indica los resultados de un ensayo triaxial no drenado de 

arena suelta saturada durante el cual la presion axial oscila entre pc + 

p y PC " p* En este caso pc es igual a la presion de consolidacion, 1 

kg por cm. cuadrado. Despues de un numero de ciclos de aplicacion de la 

carga p, el valor de Uw alcanza el valor de la presion efectiva de consoli­ 

dacion de 1.0 kg por cm. cuadrado que existia antes de que la carga ciclica 

comenzara, con la cual la muestra de arena pierde su resistencia y rigidez 

correspondiendo al estado de licuacion. Para una arena densa los valores 

de la presion de porbs se incrementan en forma similar excepto que los ciclos 

para producir el estado de licuacion se aumenta grandemente (14).

LICUACION DE SUELOS EN SAN JUAN

En el estudio preparado por el Dr. Jose Molinelli (10) para el Depar- 

tamento de Recursos Naturales, datos especificos y claros de pruebas de campo 

que demuestren enfaticamente la magnitud y cantidad de suelos que se licuaran 

de ocurrir un terremoto grande en San Juan, no los encontramos. La experiencia 

nos demuestra que si hay algunos bolsillos de arenas sueltas en algunos per- 

files de suelo obtenidos de los resultados de la prueba de penetration normal 

(ASTM-D1586). Algunos perfiles de calas para el area metropolitana de San 

Juan, tornados de nuestros archives, claramente indican nuestra posicion (Slides 

20-28).

Las investigaciones realizadas desde el 1960 (4) claramente indican 

que aparte de la densidad (Slide 29) relativa existen otros factores tales 

como estructura, edad de las muestras al momento de la prueba, grado de sobre 

consolidacion y la aplicacion de esfuerzos cortantes repetitivos de poca 

magnitud durante el tiempo transcurrido entre la preparacion de la muestra
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y la prueba de rotura que tienden a aumentar la resistencia a la licuacion 

y que los mismos factores van a estar presences en el campo en la prueba 

de resistencia a penetracion normal.

En la Primera Conferencia Internacional de Mecanica de Suelos celebrada 

en 1936 en Cambridge, Massachussetts, Terzaghi apunto lo siguiente (15).

"No honest business man and no self-respecting scientist can be expected 

to put forth a new scheme or a new theory as a working proposition unless 

it is sustained by at least fairly adequate evidence".

En mecanica de suelos e ingenieria de fundaciones y mas aun en la inge­ 

nieria de terremotos ninguna evidencia puede considerarse razonablemente 

adecuada hasta tanto que se haya acumulado suficiente experiencia de campo 

para los suelos y geologia de un area como la de San Juan. Especular es 

facil, pero predecir a base de datos y experiencia cuesta tiempo dinero y 

sacrificios.

MEDIDAS PARA MITIGAR LA LICUACION

Cuando el subsuelo en una localidad no tiene la resistencia requerida 

contra el fenomeno de licuacion existen dos alternativas para solucionar 

el problema: (1) abandonar el sitio, (2) aplicar metodos para' mitigar el 

problema de licuacion.

Por lo tanto es importante que el metodo de evaluar el potencial de 

licuacion sea confiable y el metodo de mitigar la licuacion sea adecuado 

y efectivo.
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Para asegurar la seguridad y funcionamiento de proyectos de ingenieria 

en areas de posible licuacion existen cuatro soluciones de mitigacion (3).

1. Soluciones no estructurales - incluye relocalizar o abandonar la 

estructura, aceptar el riesgo manteniendo el uso, pero alertando 

las partes afectadas.

2. Mejoramiento del suelo en sitio - tecnicas de remocion y reemplazo 

de material indeseable, dens ificacion del suelo en sitio y mejor- 

amiento del subsuelo por medio de morteros, estabilizacion quimica, 

vibroflotacion y otros metodos que sean adecuados. La tecnica a 

usarse desde el punto de vista tecnico y economic© depende de la 

distribucion de tamanos de particulas del suelo a recibir el trata- 

miento.

3. Soluciones estructurales - uso de pilotes de punta, el uso de sistemas 

estructurales que sean menos susceptibles a los danos y el uso de 

bermas en represas.

4. Soluciones con drenajes - pozos de alivio, sistemas de bombeo, 

columnas de piedra (stone columns), drenes y controles del agua 

subterranea.

Las medidas mas usadas son el mejoramiento del suelo en sitio y el control 

y disipacion de las presiones de poros.
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CONCLUSIONES Y RECOMENDACIONES

De la experiencia observada, los movimientos del terreno que se generan 

cuando ocurre un terremoto pueden ocasionar una perdida de la resistencia 

o rigidez de los suelos saturados, primordialmente granulates, la cual en 

muchos casos reuslta en asentamiento y fallas de estructuras, deslizamientos 

de taludes en corte y terraplenes, fallas de represas y otros dsfios . El 

mecanismo o proceso que conlleva la perdida en resistencia o rigidez del 

suelo se llama licuacion.

En Puerto Rico, la vulnerabilidad sismica y la susceptibilidad de los 

suelos granulares al proceso de licuacion debe ser estudiada y analizada 

con gran responsabilidad y sentido profesional.

Existe una gran cantidad de informacion y resultados de estudios de 

resistencia a penetracion normal en las distintas oficinas geotecnicas y 

agencias del gobierno, la cual se podria utilizar en estudios preliminares 

de vulnerabilidad sismica.

De conseguirse establecer en Puerto Rico un centre de investigaciones 

sismicas, recomendamos altamente que se establezca una red de instrumentacion 

a distintas profundidades en areas especificas localizadas en los valles 

costeros con el proposito de medir aceleracion, presiones de po.ros, asenta- 

mientos y otros parametros necesarios para los analisis correspondientes.
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San Juan Metropolitan Area Liquefaction Potential Map

Alejandro E. Soto 

Department of Geology - RUM

The San Juan Metropolitan Area Liquefaction Potential Map (LP map) shows 

areas of different liquefaction potential due to ground shaking from nearby 

earthquakes. The map was compiled on the basis of criteria used in preparing 

liquefaction potential maps for urban areas elsewhere (Youd £ Perkin?, 197S, 

Youd and others, 1978, Roth § Kavazanjian, 1984). The study was funded by the 

U.S. Geological Survey and will be published at some future date. The purpose 

of this note is to comment on the similarities and differences between this map 

and the liquefaction potential zoning of the Generalized Earthquake Induced 

Geologic Hazards Map for the San Juan Metropolitan Area (GH map) published by 

the Department of Natural Resources.

Two criteria were used to compile the LP map:

1. The type, age, and distribution of different sedimentary soil units. 

This data was obtained from published quadrangle geologic maps and 

photointerpretation of 1936 aerial photos.

2. The correlation between liquefaction susceptibility and relative 

density. Estimates of soil relative density were made on the basis 

of Standard Penetration Resistance (SPR) test data from. 1715 

drillholes made in the area. Drillhole data was provided by a number 

of geotechnical exploration firms and government agencies. The rela­ 

tive density-SPR blow count-liquefaction susceptibility relation was 

derived following the procedure described by Seed $ Idriss (1971). 

One significant difference between the LP and GH maps has to do with the 

map scales. The former is at a 1:20,000 scale whereas the later is at a 

1:40,000 scale. This allows for more precise delineation of zone boundaries in
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the LP map.

Better definition of liquefaction potential zones in the LP map was also 

obtained from the greater body of data used. The GK Map appears to have been 

prepared mainly on the basis of information contained in the quadrangle geolo­ 

gic maps. As noted above, this information was combined with photointerpreta- 

tion and subsurface data in drawing the LP map. The aerial photography was 

invaluable in determining the origin, age, and distribution of the different 

soil units. SPR test results provided a physical measure of liquefaction sus­ 

ceptibility in these units.

Because liquefaction susceptibility is ultimately a function of geology 

there is general agreement between the two maps. Both maps show broad zones of 

high potential along much of the coastline, in the Rio Grande de Loiza and 

Rio Grande de Bayamon floodsplains, in the swamps between the Rio Grande de 

Loiza and Laguna Torrecilla, and in the Is la Verde airport area. There are, 

however, differences. Most notable are the low or moderate potential assigned 

the filled lands south of Laguna la Torrecilla and the Isla Verde airport, along 

Cano Martin Pena extending to the old Naval Reservation at Isla Grande, north and 

south of J.F. Kennedy Avenue, and south of Catafio. These areas are assigned high 

potential in the GH map. This also occurs along the floodplains of the Rio 

Piedras, Rio Hondo, Quebrada Margarita (S.J.), and Quebrada Santa Catalina (Baya- 

m6n), and in the Cucharillas-Las Vegas-Puente Blanco and Sabana Seca sectors of 

the Bayamon quadrangle. Thus, although general agreement exists between the two 

maps the proportion of high potential ground is greater in the GH map than in LP 

Map. Furthermore, because of the greater detail allowed by the larger map scale 

and the larger data base used in compiling it, the different zones are delineated
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more accurately in the LP map.
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Las Implicaciones del Estudio de Vulnerabilidad Sismica 

del Area Metropolitana de San Juan en la Planificaci6n de

dicha Metropolis

By 

Dr. Hermenegildo Ortiz Quinones

Agradezco muy de veras la oportunidad que me har, ciaciG los 

crcanizadores de este fcro, especialmente el Dr. Rafael Jimenez, 

para discutir con usteces algunas reflexiones sobre el importante 

estudio preparado por el Dr. Jose A. I-iolinelli sobre la 

Vulnerabilidad Sisir.ica del Area Metropolitans de San Juan. Para mi 

sierrpre es un honor y un placer regresrar a mi Alir.a Ma,ter a 

compartir con rr.is coleyas y amigos.

Bisicarriente, el Gobierno de Puerto Rico ha utilizado el 

Reglarnento de Edificaciin corr.o el mecanisi.'.o casi Cinico para 

prevenir y mitigar los efectos de los tcrrerr.otos. Reconocienco la 

realidad ecol6gica 7 geol6gica y geografica de Puerto Rico en el 

1954 se enmend6 el Reglanr:ento de Edificaciin de la Junta de 

Planificaci6n a los fines de incorporar unas disposiciones de 

fuerzas laterales antisisrrdcas. Estas enr.iendas iban dirigidas a 

garantizar mediante el disc-no apropiado que estructuras a 

construirse en Puerto Rico no se colapsas^n cie ocurrir un 

terrcnioto de ciertG rr-agnitud.

En los liltimos anos, clebido a cue Puerto Rico ha side 

cambiado a una zona ue laayor peligrosidad sisinica y a los 

fines de incorporar nuevos conocirr.ientos sobre los fenor.tenos sis- 

micos, esfuerzos conjuntos de la Administraci6n de Reglamentos
9

y Permisos y el Colegio de Ingenieros y Agrimensores de



Puerto Rico nan logrado la preparaci6n de nuevas enrr.iendas: al 

Reglamento de Edificaci6n. Recientemente, estas enmiendas 

fueron discutidas en vistas publicas ccnvocadas a esos efectos.

Los Reglamentos de Edificaci6n, sin embargo, corno rnecanisr.ios 

unices dc prevencion y rr,itigaci6n de tcrrerr.otos tienen sus 

Unites.

En primer lugar, todo reglamento es prospective. Es decir, 

lo ihnico que puede afectar son las estructuras o edificios a 

construirse una vez aprobado el Reglamento o sus enmiendas. !\ada 

puede hacerse en ese sentido con las estructuras existentes.

Segundo, el Reglamento de Edificaci6n entiende con uno s61o 

de los efectos que puede ocasionar un terremoto, las vibraciones. 

Ademas de hacer vibrar las estructuras, los sisn.os prodacen 

marernotos, desiiza.rdentos y Iicuaci6n. Estos ultimos eJectos no 

son considerados por el Recjlamento de Edificaci6n de la Junta de 

Planificaci6n. Es bueno s.enalar en estos rnomentos que en uno de 

los terremotos mas desvastadores de Puerto Rico, el de 1918, los 

danos mas graves y el rr.ayor nihmero de rnuertes que ocurrieron en 

ciertos sectores de la costa oeste, incluyendo a Mayaguez y 

Aguadilla, se debieron particularmente a los efectos resultantes 

del maremoto que se produj6 y a los derrumbes de 

estructuras inducidas por la Iicuaci6n de los terrenos donde 

estaban enclavadas.

Tercero, las medidas de diseno anti-sismicas que se 

encuentran en el Reglamento de Edificaci6n de Puerto Rico no 

incluyen el diseno de la infraestructura, tales como agua, 

alcantarillados, energia electrica, tdneles, canales y
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estructuras sirnilares. Kucha de esta infraestructura es critica 

para el funcionainiento de las areas urbaiias.

Es menester incorporar otros instrunientos de politica 

publica que en adici6n al Reglamento de Edificaci6n nos perndta 

tomar medidas de acci6n para prevenir y niitigar los efectos de 

terreruotos de gran magnitud que puedan ocurrir en Puerto Rico. 

En otras ocasiones se nan sugerido varies de estos instrurr.er.tos. 

Entre ellos nos parece importante rr.encionar los siguientes:

1. La zonificaci6n sismica o la zonificaci6n de los terrenos 

de acuerdo al riesgo sisrr.ico que estos co:i:.?orten. Depenoienco 

del riesgo, so debera entonces reglar.entar el tipo de activi^ac! y 

uso que se puede ubicar en los nisn.os-. De la mis.v.c. forma se 

deber&n establecer los paranetros a utilizi.rse sji el diseno y 

construcci6n de las estructuras a ubicarse en las zorias .de alto 

riesgo sisinico.

2. Declaraci6nes de I:r.pacto Sisraico no significative). 

Proyectos de construcciin que se pretendan construir en suelos de 

alta peligrosidad sismica deberan someter una declaraci6n de 

impacto sismico no significative antes de que se les pueda 

otorgar los permisos de construcci6n correspondientes-.

3. Rehabilitaci6n de Estructuras Criticas. En los ultimos 

anos se han construido en Puerto Rico indiscriminadamente 

edificios y estructuras con funciones criticas, tales como 

hospitales, escuelas, industries, areopuertos asi como redes de 

infraestructuras, en terrenos de alta peligrosidad sismica los 

cuales pueden sufrir danos irreparables o tener efectos 

paralizantes a la sociedad de ocurrir un sismo de alta magnitud.
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Es importante identificar estos edificios y estructurau asi ccrr.o 

analizar la deseabilidad y viabilidad de rehabilitarlos, 

reemplazarlos o construir facilidaes alternas y redundantes en 

lugares donde el riesgo es menor en caso de ocurrir un terrerr.oto. 

Consciente de la necesidad ce estos y otros instrur.ier.tcs GG 

politica piiblica es cue considero el estudio preparado por el Dr. 

Jose Molinelli y auspiciaco por el Departar.iento de Recursos 

Naturales uno r,.uy positive ccr.o prir.er paso para la forrr.ulacion 

de una zonificacion sismica para el Area Metrooolitana de San 

Juan y otros centres de poblacion de Puerto Rico. Para la 

formulacion de esta zonif icacion 'sismica, dos elernentos del 

estudio de Vulnerabilidad Sismica son bien importantes. Estos son 

los siguientes:

1. La distribuci6n en el espacio de los eventos geo!6gicos a 

considerarse y la intensidad con que ocurriran;

2. El riesgo o los danos esperados para la gente, propiedad, 

facilidades pdblicas y actividades humanas que estan ubicadas o 

se llevan a cabo en los distintos lugares del Area Metropolitana 

de San Juan.

El primer elemento se logra muy bien en el estudio del Dr. 

Molinelli, excepto por los terrenos que pudieran afectarse de 

ocurrir maremotos. El estudio establece Unas zonas geograficas 

donde se asocia el evento geo!6gico con la condici6n y 

caracteristicas de los suelos. Para cada una de estas zonas se 

establece un nivel de vulnerabilidad. Estos niveles de 

vulnerabilidad dan la impresi6n que varian unicamente con las 

caracteristicas de los suelos y no con la distancia y
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direcciin de estas zonas al epicentre del terremoto.

El segundo elemento o los danos a esperarse en las distintas 

zonas, espero pueda mejorarse en estudios posteriores. En prin.er 

lugar, el estudio considera unicaniente danos a edificios. 

Estimates de posibles perdidas de vida no se consideran asi ccm& 

cafios a facilidades de infraestructura.

En segundo lugar, no estan claras las prei.'.isas so'.^re curies 

son los factores que deben considerarse al estimar dsnos. Los 

niveles de danos a estructuras no s61o van a sc-r funci6n oe la 

ccr.uici6n de los suelos sino tcrrj^ien de la Iocalizaci6n, r.'ir.ero, 

tijpo, edad, cJisefio, uso, arterial de co.nstruccioii de las efctructuras 

o edificios, entre otros factcres. El no considt-rar estos foctores 

al estimar los danos a las estructuras es quizis una 4e l&s 

lir.iitaciones mas icnportarites del estudio del Dr. Kolinelli.

La planificaci6n tiene que estar basada en el conocimiento. 

Es importante que creemos los mecanisrnos para auinentar los 

conociinientos sobre sisrnos y sus consecuencias a los fines oe que 

podamos adoptar una politica publica inteligente, razonable y 

econ6^.ica que nos permita anticipar, evitar y mitigar los danos 

que puedan producir sismos de alta nagnitud. Debemoc prepararnos 

para evitar que eventos naturales se conviertan en desastres 

hurnanos. Cada dia me reafirmo en que un paso en esta 

direcci6n es la creaci6n de un Institute de Investigaciones 

Sismicas. Claro esta, este Institute debe tener su sede en este 

Recinto Universitario de Hayaguez.

Muchas Gracias.
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PLANES DE MITIGACION Y DE CONTINGENCIA 
PARA TERKEMOTO

El dano que causan los terremotos afectan todos los elemen- 

tos de la sociedad y del gobierno. Los fen6menos naturales como 

terremotos, huracanes e inundaciones, no pueden evitarse, pero 

si podemos prepararnos para lograr que los danos econ6micos y la 

perdida de vidas sean minimas.

Se requiere la movilizaci6n y coordinaci6n de todo el 

gobierno y la ciudadania para distribuir y usar eficientemente 

los recursos que sean necesarios despues de un evento de terremoto. 

Debe hacerse un plan formal de contingencia escrito que se desa- 

rrolle con la participaci6n de oficiales de gobierno, entidades 

voluntaries y el sector privado, para lograr la coordinaci6n 

necesaria.

Los terremotos no ban podido predecirse con precisi6n, 

sin embargo, el desarrollo de la sismologia en la ultima decada, 

ha 1 leva do a la convicci6n de que los temb lores de tierra puedan 

ser predecidos. Aunque la investigaci6n en este aspecto es 

relativamente nueva, se ban logrado resultados prometedores. Sin 

embargo, en estos momentos no existe un mecanismo mediante el 

cual se pueda predecir con exactitud cuando va a ocurrir un temblor, 

por lo que en regiones sismicamente actives como en Puerto Rico, 

es mejor prepararse para tal eventualidad.
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Para poder preparar un Plan de Contingencia para terre- 

moto, hay que comenzar con la identificaci6n de las areas o 

zonas vulnerables y hacer una evaluaci6n de los riesgos envueltos. 

En este uiomento, el Departamento de Recursos Naturales se 

encuentra en esta etapa del proceso de planificaci6n.

Nuestra Agencia en coordinaci6n con la Agencia Estatal de la 

Defensa Civil y la Agencia Federal para el Manejo de Emergencies, 

ha desarrollado unos esfuerzos encaminados a establecer y tratar 

de cuantificar los peligros potenciales de un terremoto sobre 

nuestra isla.

El Estudio que se ha presentado en esta actividad 

ha identificado las areas vulnerables en el Area Metropolitana de 

San Juan. Ubicadas en estas zonas estan importantes instalaciones 

tales como: La Planta Termoelectrica de Bahia de Puerto Nuevo, 

Llneas de Transmisi6n Electrica, Subestaciones de Energia Electrica,

PI ant a de Tratamiento de Agua, Agencias del Gobierno, Estaciones de
+. 

Bombeo, Troncales de Acueductos, Puertos, Edificios Multipisos,

Aeropuertos e importantes carreteras que unen la capital con el 

resto de la isla.

Hemos estudiado el impacto economico del evento de terremoto 

seleccionado y se ha encontrado que el mismo seria devastador. En 

estos mementos nos proponemos hacer estudios de vulnerabilidad en 

otras areas metropolitanas y pueblos de nuestra isla.

La pr6xima f ase en el Programa de Terremoto del BFN es identificar las 

residencies, estructuras criticas y poblaci6n que podrian ser
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afectadas. Basado en los hallazgos de estos estudios, podremos 

disenar las medidas de mitigaci6n y estrategias que utilizaremos 

para prepararnos para un terremoto. Desde luego, que la primera 

consideraci6n serian aquellas medidas mediante las cuales podremos 

salvar el mayor numero de vidas. Igualmente, como estrategias 

utilizaremos el mejor uso de terrenes y trataremos de lograr una 

zonificaci6n especial con la Junta de Planificaci6n para que no se 

ubiquen en las areas mas vulnerables, servicios esenciales, como 

hospitales, escuelas, etc. /

Ademas de los danos materiales, un terremoto genera tambien 

consecuencias sociales de importancia, que a su vez pueden provocar 

en la comunidad un mayor impacto que el propio terremoto.

Al respecto son claves las diferencias que existen entre los 

momentos inmediatamente subsiguientes al impacto (estado de emer­ 

gencia) , y la etapa posterior, en la que se recupera el equilibrio 

y se inicia la soluci6n de los problemas.

£1 desastre provoca un elevado sentido comunitario, de apoyo 

y con alta moral, esto es un increment© del papel del ciudadano. 

£1 desastre democratize la vida social porque afecta indiscrimi- 

nadamente a individuos, grupos y organizaciones de varias clases. 

For ello hay un relajamiento en las divisiones sociales tradiciona- 

les (el jefe trabaja codo con codo con el empleado, el rico ayuda

al pobre).

Ante la emergencia la mayoria de las organizaciones sociales

sacan a relucir su funcionameinto y capacidad. Como pocas situa- 

siones, las crisis revel an la manera en que las instituciones estan 

estructuradas, mantienen su estabilidad, cambian y cumplen sus fun- 

ciones. Es entonces inevitable que la poblaci6n examine su compor- 

tamiento y descubra sus aciertos o falias.
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Por otra parte las instituciones se ven obligadas a esta- 

blecer relaciones unas con otras; relaciones que en tiempos 

normales no se darlan (las orqanizaciones de emergencia entran 

en contacto estrecho con instituciones de atenci6n al publico 

como los medios de comunicaci6n).

Tarde o temprano es necesario que se vuelva a la normalidad 

y haya control de la situaci6n.

Surgen consecuencias de importancia. Por una parte las
/

personas examinan el comportamiento que hayan tenido las figuras 

de autoridad (quien lo hizo y quien no). AdemSs, se es muy 

puntilloso y ma's exigents de lo normal con aquellos que est&n 

forzados a "hacer algo".

Como nunca, las autoridades tienen que demostrar sus capacida- 

des (despues de todo, una funci6n principal de los gobiernos es 

la seguridad y defensa de la poblaci6n): su rapidez para actuar, 

el modo en que se restablece el control, la credibilidad que se 

tenga, la facultad para planear aun en circunstancias adverts, 

la solidez en las decisiones y qu£ tanto se formulan en interes 

del bienestar colectivo.

Son bastante limitadas las opeiones realistas del cambio de 

uso de la tierra, de spues de un ter remote. El aumento de la 

seguridad de la poblaci6n (que es una de las preocupaciones princi- 

pales del momento), puede lograrse ma's facilmente mediante el 

mejoramiento en el diseno de estructuras y construcci6n, que a 

traves del cambio del uso de la tierra.
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£1 proceso de reubicaci6n de afectados es sumamente complejo 

y no puede ser aceptado automSticamente como una medida positiva.

Como podemos ver, el problema de n\itigaci6n de riesgos natu- 

rales, es uno sumamente complejo y en el cual intervienen aspectos 

sociales, tecnicos y econ6micos. Desde luego, que la ciudadanla 

espera del gobierno que resuelva los problemas. La comunidad estS 

dispuesta a ayudar, pero para que ellos puedan ayudar, tenemos que 

estar preparados todos para un terremoto.

Un Programa de Orientaci6n a la ciudadanla es sumamente impor- 

tante. Las familias, agendas del gobierno, escuelas y la industria 

debemos prepararnos para un evento como este.

El Departamento de Recursos Naturales estS realizando los 

estudios necesarios para poder asesorar a la Agencia de la Defensa 

Civil para que se puedan desarrollar los Planes de Contingencia. 

Es obvio, entonceB, que necesitamos:

1. Inventariar las estructuras y facilidades ptiblica en 

las Sreas vulnerables y evaluar su potencial de riesgo 

y proceder con la rehabil i tac i6n de las mismas.

2. Desarrollar un Programa Educativo Intensive para alertar 

a la ciudadania sobre la posibilidad de un terremoto. 

Este Programa que ya nemos comenzado, incluira* informaci6n 

basica sobre: "Qu£ hacer durante un terremoto 11 , medidas 

de seguridad para sobrevivir y mecanismos para mitigar 

las p£rdidas. Este Plan Educativo sera" masivo y comenzara* 

en las escuelas, y debe incluir simulacros y entrenamiento 

sobre tgcnicas de rescate, etc.
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3. Es importante tambi£n, el enmendar el C6digo de

Construcci6n. De hecho, recientemente el Reglamento 

de Edificaci6n fue llevado a Vistas Ptiblicas por 

la Administraci6n de Reglamentos y Permisos, para 

enmendar el mismo. Las enmiendas irecogen las recomenda- 

ciones para diseno slsmico que desarrol!6 la Comisi6n 

de Terremotos del Colegio de Ingenieros de Puerto Rico.

4. Debemos activar un Equipo Int^eragencial Multidiscipli-

nario, para discutir e integrar la informaci6n disponible, 

los estudios realizados y los hallazgos resultantes, para 

poder preparar el Plan de Contingencia para Terremotos. 

Este Foro es un paso adelante en esa coordinaci6n que 

tanto necesitamos.
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CONCLUSIONES

Los trabajos presentados en esta conferencia nos llevan a las siguientes 

conclusiones:

1. Los modelos propuestos para explicar los movimientos te*ctonicos 

en la zona norte de Puerto Rico necesitan evaluarse cuidadosamente, 

ya que predicen resultados contradictorios. Las predicciones obte- 

nidas de un modelo en particular no deben implementarse dra*sticamente 

hasta que no se dilucide la controversia. Este hecho merece la 

atencidn de las personas o agencias que esta*n incorporando estos 

estudios de tal forma que se le de el debido estudio a la evaluaci<5n 

tectdnica.

2. Existe un consenso en el panel de que el nivel de danos expresados 

en te*rminos de la escala modificada Mercalli es de cara*cter subjetivo 

y como tal debe de tratarse con mucho cuidado. Una alternativa 

reside en expresar los niveles de danos en aceleraciones, o en otro 

para"metro adecuado.

3. Las aceleraciones en la roca para el a*rea de San Juan deben de oscilar 

entre un 15 a un 20% de la aceleraci<5n de gravedad, siendo el primer 

estimado de 15% un valor razonable para el caso de estructuras con 

un perfodo de recurrencia del orden de 100 anos.

4. El Depart amen to de Recursos Natural es debe establecer un comite* 

que evalue los documentos de cara*cter sensitive de tal forma que 

la informacidn se transmita en una forma cautelosa y ponderada.

5. En aquellas aVeas que se han identificado como vulnerables a los 

movimientos sfsmicos se deben validar los resultados realizando 

pruebas que confirmen las proyecciones del estudio de vulnerabilidad 

sfsmica.
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6. Las proyecciones de danos presentados en el estudio de vulnerabilidad 

sfsmica del a'rea de San Juan deben calibrarse con otros m£todos 

disponibles en la literatura, ya que la metodologfa utilizada esta 

basada en la escala modificada Mercalli y en tipos de construccidn 

ajenos a la construccidn normalmente usada en Puerto Rico.

7. Los mapas de zonificacidn sfsmica son necesarios para las considera- 

ciones de planificacion y para las declaraciones de impacto sfsmico 

de las estructuras sfsmicas. El Departamento de Recursos Naturales 

y la Junta de Planificacidn deben iniciar las gestiones necesarias 

para preparar estos mapas a la mayor brevedad posible.

8. El Centre de Investigaciones Sfsmicas debe establecerse a la mayor 

brevedad posible para continuar realizando investigaciones aplicadas 

dirigidas a mitigar el impacto de las actividades sfsmicas.
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INTRODUCTION:

A forum on the vulnerability study of the San Juan 

Metropolitan Area (SJMA), prepared for the Department of Natural 

Resources by Dr. Jose Molinelli, was conducted at the Department 

of Civil Engineering on December 4, 1985. The forum objectives 

where to present the primary conclusions of the SJMA study, to 

present the preliminary conclusions obtained on a liquefaction 

study for San Juan conducted at the Department of Geology of the 

University of Puerto Rico, to calibrate the SJMA study in the 

selection of the critical earthquake event, recurrence interval 

and selection of seismic parameters, to evaluate the estimate for 

geologic hazards presented in the SJMA study, and to identify 

future studies required to determine the seismic risk of San Juan

Presentations were made at the forum by geologists, 

geotechnical engineers, structural engineers, and planners on the 

key issues to be discussed. The presentations made by the 

speakers of the forum were compiled in the memoirs and are 

available upon request. This paper presents only a brief summary 

of the issues raised and of the conclusions reached during the 

forum.



VULNERABILITY STUDY OF SAN JUAN METROPOLITAN AREA:

The vulnerability study of the San Juan Metropolitan Area was 

performed to assess the areas most susceptible to ground shaking, 

liquefaction, soil amplification, and mass movements. These 

geologic hazards are activated by seismic activity and are 

responsible for the major damages induced in the physical 

inventory and infrastructure of the affected community. The major 

objective of the SJMA study was to map the areas most susceptible 

to these hazards, and to estimate the extent of damage expected 

from the fragility curves proposed elsewhere.

Major conclusions reached in this study are that the most 

vulnerable areas to ground shaking are the artificial fills placed 

over swamp deposits and the alluvial deposits found in flood 

plains. Facilities most affected by the ground shaking are thermo 

electric plants, transmission lines and electric substations, 

water treatment plants and pumping stations, dock and airport 

terminals, and vital expressways and bridges.

Major areas susceptible to liquefaction were also found in 

the alluvial deposits of flood plains, and in the loose saturated 

sands found near the coastal area. In this zones, the facilities 

most affected are office and apartment buildings, airport 

facilities, highways, and water and electric lines.
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Areas susceptible to mass movements were found in the 

southern portion of San Juan where the landslide potential varies 

with antecedent moisture conditions of the soil. A high soil 

amplification potential was also determined for the soft and deep 

alluvial deposits found in the major rivers of the area. 

CRITICAL ISSUES OF VULNERABILITY STUDY

The vulnerability study was based on the assumption that the 

critical event for the metropolitan area of San Juan was a 

Magnitude 8 to 8.25 earthquake with an epicenter at 120 Km north 

of San Juan. The damage level induced by this earthquake in San 

Juan was assumed to have a Modified Mercalli intensity of VIM. 

The event selected rs similar to that experienced by the 1787 

earthquake that ocurred north of San Juan.

The use of the Modified Mercalli scale implies a subjective 

assessment of the seismic parameters that can lead to excessive 

estimates for ground accelerations, velocities, or displacements. 

The selection of the 1787 event implies the use of the maximum 

credible event versus the most probable event and will have a 

recurrence period that is much larger than that normally 

considered. In addition, other zones that are more active can 

cause earthquakes with Magnitude 7 to 7.5 with lower recurrence 

intervals than the selected earthquake.

The vulnerability of zones susceptible to soil amplification 

was evaluated by increasing the damage level to an intensity of MM 

IX. This procedure implied that the ground acceleration for deep
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and soft alluvial deposits will be 100 7. greater than that 

experienced in the rock mass. Liquefaction criteria was also 

debated as the study considered only the deposit characteristics, 

water table depth* and damage level to determine the vulnerability 

of the zones considered. The landslide potential criteria was 

also based on the MM intensity level expected at the area.

The damage estimates induced by the ground shaking was 

determined from the fragility curves developed for construction 

methods and structural systems not commonly used in Puerto Rico. 

Additional work was recommended in this area to pursue other time 

effective procedures to determine damage potential to structures 

that can be adequately calibrated in Puerto Rico. 

CONCLUDING REMARKS

The tectonic models available to predict the seismic 

potential of the nearby faults need to be evaluated cautiously due 

to contradictory predictions on the relative movements calculated.

Hence, the predictions from a given model should not be 

drastically implemented by government agencies until the issue is 

reso1ved.

Expected rock accelerations in San Juan should range from 15 

to 20 percent of the acceleration of gravity, for recurrence 

intervals of 100 years. Soil amplification factors for deep and 

soft alluvial deposits should range from 40 to 50 percent of the 

acceleration experienced at the rock mass.

Liquefaction and landslide potential of various zones should
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be assessed using the soil properties obtained from boring logs 

and adequate testing programs, in conjunction with the 

corresponding seismic parameters expected at the site considered. 

It is recommended that in those areas where a high vulnerability 

has been identified, tests should be conducted to verify the 

proyections of the vulnerability study.

it is strongly recommended that the damage estimates obtained 

with the fragility curves be checked against other methods such as 

the Rapid Seismic Analysis procedure for the construction methods 

and structural systems used in Puerto Rico, before they are 

incorporated into the planning process. The analytical results 

obtained from these procedures should also be calibrated against 

experimental results of typical structural systems.

Seismic zoning maps and declarations of seismic impact are 

planning instruments that should be implemented as soon as 

possible to avoid new construction in highly susceptible areas.

These comments should provide insight into the forum concerns 

and discussions. Positive action is required to implement these 

measures in order that the impact of a destructive earthquake, on 

our economic and social structure, can be controlled efectively.
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LANDSLIDE HAZARDS OF PUERTO RICO 

by

Randall W. Jibson

U.S. Geological Survey

Reston, VA 22092

INTRODUCTION

Mountainous terrain and tropical climate combine to make Puerto Rico one 

of the most landslide-prone areas in the United States. Many types of 

landslides are common in Puerto Rico, and they occur in every geographic and 

geologic setting. Landslides form readily under normal conditions, but when a 

significant triggering event, such as a major rainstorm or an earthquake, 

occurs, numerous landslides form that block roads, destroy homes and other 

man-made structures, and kill and injure people.

TYPES OF LANDSLIDES COMMON TO PUERTO RICO

All major types of landslides affect Puerto Rico. By far the most 

abundant types (classification after Varnes, 1978) are debris flows and debris 

slides, rapid downslope movement of disrupted surficial rock and soil. These 

landslides are particularly hazardous because they form with little or no 

warning and can move very rapidly down steep slopes. Structures at the base 

of such slopes are inundated or destroyed by the impact of the rapidly moving 

mixture of soil, rock, and water.

Block slides and slumps deep-seated masses of bedrock and overlying soil 

that move downslope either as intact blocks or as a collection of slightly
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disrupted blocks are less common than debris slides and debris flows but can 

have catastrophic effects. Such was the case during the October 1985, storm, 

when the Mameyes district of Ponce was destroyed by a block slide that killed 

at least 129 people, the greatest loss of life from a single landslide in U.S. 

history (Jibson, 1986). These types of landslides can disrupt large areas of 

the ground surface and thus lead to destruction of overlying structures and 

burial of structures downslope.

Earth flows are also common in Puerto Rico. These normally are slow 

moving masses of moderately disrupted-earth that can move down even very 

gentle slopes. This movement commonly causes sufficient deformation of the 

ground surface to damage or destroy overlying structures or roads.

Rock falls rapid movement by free fall, bounding, and rolling of bedrock 

detached from steep slopes are common on very steep natural slopes and 

especially on the numerous steep road cuts on the island. These landslides 

can be very damaging if they impact structures or passing automobiles. Recent 

major storms have triggered numerous rock falls of different sizes that closed 

roads and temporarily isolated parts of the island.

GEOLOGIC SETTINGS OF DIFFERENT LANDSLIDES

The central, mountainous part of Puerto Rico is primarily igneous and 

metamorphic rock that weathers rapidly to form a deep soil mantle. When 

saturated, slopes covered by this material can produce slumps, debris slides, 

and debris flows ranging from a few feet to many hundreds of feet long. The 

storms of May 1985, triggered thousands of debris slides and debris flows in 

west-central Puerto Rico, which choked streams, blocked roads, and destroyed 

homes and other structures. Hurricanes Frederick and David in 1978-79 

produced extreme rainfalls around El Yunque that triggered several debris
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slides as much as 2500 ft long and 75 ft deep on steep slopes composed of 

deeply weathered intrusive igneous rock.

Flanking the mountainous interior of Puerto Rico is a belt of sedimentary 

rocks, primarily limestones, siltstones, and claystones. These sedimentary 

rocks give rise to rock falls from steep cliffs and road cuts; large slumps 

and block slides, such as at Mameyes; and debris slides and debris flows. 

During the storm of October 5-8, 1985, debris slides and debris flows were 

very abundant and destroyed several homes and buildings between Penuelas and 

Coamo along the south coast of the Puerto Rico (Jibson, 1986). These 

landslides generally began as failures of thin colluvial soil mats on steep 

slopes; the failed material scoured deep channels as it moved downslope in 

preexisting gullies or depressions. Debris slides and debris flows formed on 

both limestone and mudstone slopes underlain by a wide range of geologic 

structures.

Rock falls from steep limestone slopes have repeatedly blocked major and 

minor roads, and in 1981 two automobile passengers were killed by a limestone 

rock fall near Penuelas (Anthony Santos, pers. commun., 1985). Limestone rock 

falls were also observed to have triggered debris flows on steep colluvial 

slopes below near-vertical bedrock faces. At one site, large limestone 

boulders fell from a bedrock face and impacted the head of the colluvial 

slope, which either (1) disrupted the saturated colluvium enough to cause "it 

to flow downslope, or (2) rapidly increased the pore-water pressure in the 

colluvium and caused it to mobilize.

Large, retrogressive block slides are present where thick limestone 

formations are underlain by clay in north-central Puerto Rico (Monroe, 

1964). These generally slow-moving landslides occur where deep river valleys 

expose the underlying clay beds that act as slip surfaces.
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Claystones in the sedimentary belt also give rise to earth flows. The 

area aroung San Sebastian is particularly susceptible to earth flows that form 

in the clayey members of the Tertiary San Sebastian Formation. These earth 

flows commonly form on gentle slopes and create a subdued, hummocky 

topography. Several houses and roads have been severly damaged or destroyed 

by these landslides.

The coastal plain surrounding Puerto Rico is composed of young sediments 

deposited along beaches and rivers. Though these areas are rather flat, 

landsliding along river banks chokes rivers channels and leads to increased 

erosion, which endangers homes built on the coastal plain.

MITIGATING LANDSLIDE HAZARD AND RISK

The following examples show that many landslide hazards in Puerto Rico 

are exacerbated by man's activities:

1. Steep road cuts in weak materials result in slope failures and 

consequent road closures. Thousands of road cuts throughout the entire island 

appear only marginally stable and have produced slides that have temporarily 

closed roads. A major earthquake or rainstorm will likely trigger widespread 

road-cut failures and thus isolate large parts of the island. This will 

seriously hamper emergency response efforts.

2. Injudicious route selection of major roads has reactivated several 

large landslides that were clearly shown on existing geologic maps and has 

initiated movement on new landslides. This has jeopardized major construction 

projects, which, if ever completed, will require huge maintainance costs-

3. Home construction on unstable or marginally stable slopes has 

resulted in the destruction of houses and loss of lives. High concentrations 

of homes having cesspools or dumping household sewage directly on the ground



has destabilized slopes and led to landsliding. Many homes are constructed so 

poorly that even slight ground movements cause serious damage or destruction.

4. Lack of surface drainage systems for municipal streets and housing 

projects has resulted in rainfall runoff patterns that erode and destabilize 

slopes.

Mitigation of landslide hazards can be very expensive, but many of the 

hazards can be eliminated or avoided by the application of relatively simple 

measures:

1. In designing roadcuts, use more conservative criteria that consider 

both seismic and heavy-rainfall conditions. This can be accomplished at a 

relatively small additional cost for new construction; regrading of existing 

cuts along critical road systems will be significantly more expensive.

2. Use existing geologic and engineering geologic information in the 

routing of new roads and highways to avoid landslides and other geologic 

hazards. Where no such information exists, conduct engineering geologic 

studies to select routes that will minimize risk from geologic factors.

3. Enact and strictly enforce both building and site codes that (a) 

prohibit building or require remedial grading at hazardous sites, (b) require 

adequate domestic sewage disposal systems, and (c) require enough structural 

integrity to prevent collapse in the event of incremental ground movement. 

For existing houses, teaching residents to empty domestic sewage at some 

distance, rather than immediately beneath or downslope from the house as is 

commonly the case, could decrease the number of damaging shallow landslides.

4. Install municipal storm drains where possible. In lieu of storm 

drains, small, inexpensive deflecting structures can be constructed to channel 

runoff away from homes and slopes susceptible to landslides or serious 

erosion.
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Although many of these measures are quite costly, some can be implemented 

at relatively small cost and could result in significant reduction of some 

types of landslide hazards. Addressing landslide hazard mitigation in a more 

comprehensive way will require detailed studies to characterize landsliding in 

different areas more precisely and thus allow quantification of the factors 

controlling that landsliding.
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ENGINEERING GEOLOGIC EXPLORATION AT THE EXISTING MAMEYES WARD 

(WESTERN, NORTHERN AND EASTERN AREAS ADJACENT TO

THE LANDSLIDE)

BY

Carlos Rodriguez-Molina

Caribbean Soil Testing CO.

San Juan, Puerto Rico

A structural geologic exploration within and adjacent to 

the existing Barrio Mameyes landslide indicates that areas 

lying beyond the western, northern, and eastern margins of 

the landslide have been categorized as having a "High" or 

"Low" potential for further landsliding.

The geological conditions observed within these adjacent 

areas (which extend some 400 to 500 ft. West, North and East 

of the Mameyes Slide) are consistently similar to those in 

the already developed landslide. Precipitation similar to 

that occuring during the October 6-8, 1985 period could 

initiate localized movements or landslides throughout these 

sectors.

Previous data in the form of geologic and preliminary 

geotechnical reports, most of which were made by local and 

Federal government agencies, were analyzed prior to the 

commencement of this exploration. A detailed structural 

geology reconnaissance was performed within the landslide and 

throughout adjacent areas in order to measure bedrock 

discontinuities such as bedding planes and joint systems
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attitude. Measurements were made along the landslide's 

scarp, along the access road outcrop, at the water tank 

outcrop, and at accessible outcrops within and adjacent to 

the slide. Also, the areas local lithologic characteristics 

were evaluated.

The Geology of Barrio Mameyes has been previously mapped 

as part of the Ponce Geologic Quadrangle, prepared by Richard 

D. Krushensky and Watson H. Monroe for the U.S. Geological 

Survey in 1975 (U.S.G.S. Miscelanneous Investigation Series 

Map 1-863). The site is underlain by a calcareous member of 

the Juana Diaz Formation. The Juana Diaz consists of a pale 

yellowish white to pale white "lenticular calcareous 

sandstone overlain by chalk and chalky limestone" 

(Krushensky,R.D., Monroe, W.H., 1975).

Structurally, bedding plane attitudes obtained generally 

have a northwest strike with dips towards the southwest 

(strike ranges from N 50 to 80 W, dip ranges from 13 to 29 

SW). At least three (3) joint sets have been recorded within 

the landslide and throughout the adjacent areas. These joint 

sets are for the most part consistent throughout the area 

investigated , except for small variations in strike 

orientations. Two of these joint sets control the upper, 

curved portion of the main scarp ( one of such joint sets has 

a N 60 E , 76 SE attitude, while the other has a N 50 to 60 

W, 70 SW). These sets are spaced from one to three feet 

consistently throughout the area.

At least fifty (50) additional joint attitudes were 

obtained. These, invariable had very steep dip angles (most

190



of them near vertical). However, they were not consistent (or 

repetitive) throughout the investigated area. Some of the 

joint surfaces still contained slickenside striations, a 

direct result of the landslide.

The intersection of the above mentioned joint sets with 

the limestone's bedding planes makes the outcropping Juana 

Diaz a very fractured bedrock. The latter explains the fact 

that part of the landslide's debris consisted of fasceted, 

mostly rectangular bedrock boulders, the result of the 

disintegration along pre-existing joint planes of relatively 

large bedrock slabs.

Several thin (4 to 5 inches thick), light to medium 

brown, calcareous clayey silt beds were observed interlayered 

within the sandstone beds at several locations. These thin 

beds are suspected by many authors to have played a 

significant role in the landslide's development by acting as 

failure surfaces. This, however, has to be quantitatively 

analyzed by geotechnical explorations.

It has been theorized that the landslide is controlled 

both by the joint sets and by the bedding planes (joint sets 

control the near vertical scarps, while the slip surface 

seems to be controlled by a bedding plane). The presence of 

the thin clayey silt layers suggests that the slip surface 

may have actually developed along one or more of these 

layers. Again, geotechnical and geological explorations will 

determine the conditions under which the slip surface 

developed. However, after analyzing the morphology of the 

landslide and by measuring attitudes in displaced bedrock
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slabs (the slabs only revealed moderate strike variations 

whereas dips remained fairly constant), the landslide's slip 

surface apparently did develop along a bedding plane contact.

The near vertical walls exposed as the main scarp after 

the landslide are showing definite signs of instability in 

the form of rock toppling and wedge failures governed by 

intersecting steep joints and bedding planes.

A house located near the scarp, on the west-central 

portion of the landslide has recently developed an open crack 

which passes under the southern portion of the structure. 

This open crack has had approximately one (1) ft. of 

horizontal displacement and is located about 65 ft. from 

and parallel to the original scarp. The crack corresponds to 

a joint fracture with a northeast strike and a near vertical 

dip. Also several recently developed arcuate scarps were 

observed off the eastern limb of the landslide.

The above mentioned instability characteristics are 

definite signs that the areas immediately adjacent to and 

surrounding the landslide scarp are presently unstable. The 

undersigned accidentally prompted several relatively small 

rock wedges to slide or topple upon slight pressure against 

the scarp faces at the time of this investigation.

Based on slope face direction, bedding and joint 

attitudes, local lithology, and in the proximity to the 

existing landslide scarp, the areas adjacent to the Barrio 

Mameyes landslide were categorized as having a high or low 

potential for further landsJiding. South to southwest facing 

slopes steeper than 13 to 15 degrees are considered to have
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a high potential for further lands 1iding similar to the 

already developed Mameyes landslide. On the other hand, 

slopes facing east and southeast are considered as slopes 

having a low potential for further landsliding.

The latter statement is stricly based on structural 

geologic considerations. Detailed geotechnical and 

engineering geological explorations will better delineate 

subsurface conditions, geometric landslide mechanisms,and 

the possible sequence of events the led to the landslide.
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INFORME PRELIMINAR COMISION DE ESTUDIO 
TERREMOTO DEL 19 DE SEPTIEMBRE .DE 1985 
CIUDAD DE MEXICO, REPUBLICA DE MEXICO 

by

Ruth Carreras, Samuel Diaz, Rafael Jimenez, Jose Molinelli 
Hermenegildo Ortiz, Carlos Rodriquez, Miguel Santiago

Introduccion:

El 17 de octubre de 1985 salio de Puerto Rico hacia 

Mexico una comision compuesta por la Ingeniera Ruth Dalila 

Carreras, el doctor Samuel Diaz, el doctor Rafael Jimenez, 

el doctor Jose Molinelli, el doctor Hermenegildo Ortiz, el 

doctor Carlos Rodriguez y el doctor Miguel Santiago, guien 

la organizo y coordino sus actividades. Se unieron a la comi­ 

sion el estudiante graduado de ingenieria civil, Jose A. 

Martinez Cruzado y el ingeniero Juan A. Tarasa de la empresa 

Puerto Rican-Cement. La comision es representative del Departa- 

mento de Recursos Naturales, La Administracion de Reglamentos 

y Permisos, el Recinto Universitario de Mayagiiez y el Recinto 

Universitario Rio Piedras, siendo la mayoria de ellos miembros 

del Colegio de Ingenieros y Agrimensores de Puerto Rico.* 

El objetivo del viaje fue analizar y estudiar sobre el terreno, 

los efectos causados a las estructuras y en la comunidad por 

el sismo ocurrido el 19 de septiembre de 1985 en Ciudad Mexico.

*Agradecemos al Colegio de Ingenieros y Agrimensores de Puerto 
Rico el haber cubierto los gastos de dos miembros colegiados; 
al Departamento de Recursos Naturales los gastos de una inge- 
niera, a la Administracion de Reglamentos y Permisos los gastos 
de un ingeniero y al Recinto Universitario de Rio Piedras los 
gastos de dos profesores. Los demas componentes de la comision 
se sufragaron sus gastos.
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El interes cientifico incluye los aspectos geologicos, 

geomorficos, geotecnicos, estructurales, sociales y de 

planificacion envueltos en un desastre causado por un ter- 

remoto. Hasta donde lo permitan los datos obtenidos, es de 

gran importancia proyectar a Puerto Rico los efectos de un 

evento similar al ocurrido el 19 de septiembre de 1985 en 

Mexico.

La primera fase del estudio realizado consistio de 

entrevistas con distinguidos profesionales de la Universidad 

Nacional Autonoma de Mexico. El senor Rector, doctor Jorge 

Carpizo McGregor* nos coordino y promovio el reunirnos en el 

Institute de Geofisica con su director el doctor Ismael Herrera 

y sus colegas los doctores Alejandro Navas, Lautaro Ponce 

y Gerardo Suarez. Despu.es de un amplio cambio de impresiones 

pasamos al Institute de Geologia donde fuimos re- 

cibidos por su director el doctor Jose Guerrero Garcia. 

Tuvimos la oportunidad de participar en una magnifica presen- 

tacion de los doctores Fernando Ortega y Zolean de Cserna. 

Conocimos en detalles la geologia de la Ciudad de Mexico. 

El material grafico utilizado cubrio ampliamente la zona epi- 

central en Zihuatanejo, Ixtapa, Playa Azul y Lazaro Cardenas 

despues de ocurrido el sismo.

*Gracias a la gentileza y gestiones personales del Honorable 
Consul General de Mexico en Puerto Rico, Don Carlos Dario 
Ojeda M.
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Luego fuimos recibidos en el Institute de Ingenieria por 

su director el doctor Jorge Prince. Aqui pudimos participar 

de una amplia conferencia sobre los dafios causados en Ciudad 

Mexico por el sismo.

Se nos suplio copia de los informes preliminares de evaluacion 

de dafios realizados por el Institute de Ingenieria.

El doctor Manuel Mendoza, geotecnico del Institute de 

Ingenieria, nos ofrecio una amena conferencia sobre el com­ 

portamiento de los suelos en Ciudad Mexico durante el sismo.

El doctor Roberto Melli tuvo a bien ofrecernos una amplia 

conferencia sobre el comportamiento estructural de los edi- 

ficios durante el terremoto. Recalco que la mayor parte de 

los dafios es observable entre los edificios de cinco a quince 

pisos de altura. Los edificios mayores de quince pisos y 

menores de cinco pisos de altura sufrieron poco o ningun dano.

La Comision se dio a la tarea de enriquecer los conoci- 

mientos adquiridos llendo sobre el terreno a examinar la zona 

devastada por el terremoto en la Ciudad de Mexico y en la 

zona epicentral de Zihuatanejo, Ixtapa, Playa Azul y Lazaro 

Cardenas en la costa del pacifico de la Republica de Mexico. 

Las condiciones geologicas, geotecnicas, estructurales y so- 

ciales que se observaron fueron levantadas en fotografias que 

transmiten, en el silencio de sus expresiones, el conocimiento 

y los errores de los que contribuyeron a fo.rmar la estructura 

social que evoluciono sobre un suelo y en unos edificios que 

resistieron y otros que no resistieron las fuerzas del terre­ 

moto del 19 de septiembre de 1985.

196



El terremoto de Mexico nos brindo muchas lecciones en 

su mayoria repetitivas de otros eventos anteriores. Puerto 

Rico tiene mucho que aprender. Necesita poner en practica las 

experiencias de otros antes de que ofrezcamos a la humanidad 

el espectaculo de un pueblo alojado en casetas en los parques 

publicos.
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Prefacio:

El contenido de este informe es el producto del 

esfuerzo de cada miembro de la comision por transmitir a 

la comunidad cientifica y al pueblo en general las experiencias 

vividas durante un viaje de estudio a Ciudad Mexico entre 

los dias 17 al 22 de octubre de 1985. El mismo se divide 

en cinco capitulos a saber:

Consideraciones de Planificacion

Consideraciones Geologicas

Consideraciones Geotecnicas

Consideraciones Estructurales

Consideraciones Sociales

Cada capitulo fue escrito por el especialista en el campo del 

tema que formo parte de la comision. El contenido de los 

mismos es preliminar y necesitara revision ulterior para 

publicacion futura.

En el Capitulo I, el doctor Hermenegildo Ortiz describe 

las caracteristicas del sismo y sus efectos en Ciudad Mexico. 

En adicion analiza las medidas de accion tomadas por el 

Gobierno Mexicano a corto y largo alcance para lograr la reha- 

bilitacion de la zona devastada por el terremoto y prevenir 

danos futures.

En el Capitulo II, el doctor Jose Molinelli analiza las 

condiciones topograficas, geologicas y geomorficas del area 

afectada por el terremoto en la Republica de Mexico. Al 

comparar las condiciones geologicas de Puerto Rico a las de 

Ciudad Mexico no encuentra paralelo entre ellos; sin embargo 

advierte que, aunque en menor escala, en Puerto Rico hay
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segmentos importantes urbanos sobre suelos aluviales gue 

pueden sufrir danos significativos en un terremoto de gran 

magnitud.

En el Capitulo III, el doctor Carlos Rodriguez resume 

la naturaleza geotecnica del suelo en Ciudad Mexico. Relaciona 

el comportamiento de las estructuras durante el sismo en las 

diferentes zonas de la ciudad a la naturaleza del suelo donde 

ubican. Tambien establece relacion entre el metodo o sistema 

de fundaciones y el estado final de las estructuras.

En el Capitulo IV, el doctor Rafael Jimenez y el doctor 

Samuel Diaz hacen una minuciosa evaluacion del comportamiento 

de los diferentes sistemas estructurales observados en los 

edificios gue se derrumbaron y los gue aun permanecen sin dafios 

o sufrieron poco dafio. Las causas de los danos severos son 

enumerados y discutidos ampliamente. El efecto que causaria un 

sismo similar en las estructuras de la Zona Metropolitana de 

San Juan es comparado con los danos que ocurrieron en la zona 

epicentral del evento en la costa del Pacifico de la Republica 

de Mexico.

En el Capitulo V, la ingeniera Ruth Dalila Carreras 

compila los eventos de impacto social que describen los 

efectos gue tuvo el sismo en la Ciudad de Mexico. Realza la 

importancia gue tiene el hacer planes para mitigar danos 

y angustias durante y despues de un terremoto.

Al final se hacen recomendaciones de tipo general en animo 

de crear conciencia a todos los niveles de gue estamos a tiempo 

para mejorar nuestras condiciones de supervivencia ante un 

terremoto destructor.
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CONSIDERACIONES DE PLANIFICACION

Hermenegildo Ortiz Quinones, PhD 

Escuela Graduada de Planificacion, UPR, Rio Piedras

Caracteristicas del Sismo y sus Efectos

Tanto en terminos cualitativos como cuantitativos los 

efectos del terremoto gue estremecio a Ciudad Mexico el 

pasado 19 de septiembre fueron devastadores. Aunque 

oficialmente se informa que no ha sido posible precisar 

el numero total de personas que murieron, informes 

no-oficiales estiman que el terremoto causo la muerte de 

mas de 6 mil personas. Se estima tambien que han desapare- 

cido mas de 2 mil personas y que los heridos asi como los 

damnificados sobrepasan las 30 mil personas.

Los danos materiales a Ciudad Mexico se limitaron a 

una pequena proporcion de la metropolis o no mas de 60 kms. 

cuadrados de un area total de aproximadamente 1000 kms. 

cuadrados de extension y una poblacion estimada en 16 

millones de personas. La zona afectada, sin embargo, es 

el corazon administrative de Mexico, el espacio de mayor 

densidad poblacional en todo el pais y donde se llevan a 

cabo las mas diversas e importantes actividades economicas, 

gubernamentales, administrativas, sociales y culturales.

El terremoto precipito danos de consideracion a mas 

de 3,000 edificios; una gran proporcion de estos tenian 

entre 5 y 15 pisos, incluyendo oficinas gubernamentales,
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oficinas, viviendas multifamiliares, hoteles, hospitales, 

teatros y escuelas. Se observe que algunos de los edifi- 

cios que se desplomaron o que sufrieron danos considerables 

se encontraban en esquinas. Se observe que en algunos de 

los edificios danados, los pisos de arriba cayeron sobre 

los de abajo formandose un patron que a falta de un nombre 

tecnico se le puede llamar de "sandwiches". For otro lado, 

se notaba un patron de danos lineales a lo largo de algunas 

calles o avenidas. De la misma forma, era evidente que 

muchos de los edificios afectados eran de dependencias 

gubernamentales. Se estima que del total de edificios 

danados, 125 ubicaban oficinas gubernamentales. Se estima 

tambien que mas de 450 escuelas sufrieron danos considera­ 

bles, 137 de ellas quedaron totalmente destruidas o 

inservibles.

A un mes del terremoto, nuestra visita revelo que 

grandes sectores de la inmensa ciudad de Mexico estan 

funcionando como si nada hubiera sucedido. No hay escasez 

de comida, el vandalism© ha sido casi inexistente y no ha 

habido brotes series de epidemias o de enfermedadaes conta- 

giosas. Algunos de los edificios severamente danados ya 

han sido demolidos y los escombros removidos. El Metro 

no sufrio danos y el transito vehicular fluye casi normal- 

mente, excepto por pequenos tramos en algunas calles donde 

se estan demoliendo edificios.

Por otro lado, se pudieron observar tambien situacio- 

nes donde no han podido superarse algunos problemas de
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caracter social. Entre estos, podemos mencionar los 

siguientes:

1. Parte del sistema escolar continuaba paralizado. 

Ciento cincuenta mil alumnos no habian podido 

asistir a clases durante un mes.

2. Algunos servicios publicos estaban trabajando

en forma irregular. Algunos sectores no tenian 

agua potable por fracturas en las tuberias de 

distribucion y valvulas descompuestas en los 

registros de agua.

3. El problema del deficit de la vivienda en Ciudad 

Mexico se ha agudizado. Numerosas familias (se 

estima unas 35 mil) estan viviendo en albergues 

y campamentos en areas verdes o pargues dentro 

de la ciudad. A estas familias se les esta 

proveyendo de alimentos, vestidos y atencion 

medica.

4. El desempleo ha aumentado, al tener gue cerrarse, 

aungue sea temporalmente, hoteles, oficinas, 

teatros, negocios e industrias.

5. Los sistemas de comunicacion de la ciudad con 

el exterior no estan totalmente restablecidos.

6. Las necesidades de vivienda de los damnificados 

gue pertenecen a los estratos de ingresos medios 

escapan soluciones rapidas y faciles.

7. Algunas agencias gubernamentales estan en entre- 

dicho, especialmente aguellas a cargo de proveer
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viviendas para familias de bajos ingresos y los 

responsables de supervisar la construccion de 

edificios y estructuras.

8. La capacidad de los hospitales se ha disminuido 

en mas de 5,000 camas.

9. La planta hotelera ha sufrido cuantitativamente 

y muchas facilidades estan en proceso de repara- 

cion. Cinco hoteles fueron totalmente destruidos 

y cuatro mas sufrieron danos severos.

10. El decreto de expropiacion ha generado bastante 

incertidumbre en un sector de la poblacion.

No hay dudas de gue los efectos del fenomeno telurico 

gue estremecio a Mexico el 19 de septiembre han planteado 

nuevos retos y, ademas, agravan los problemas gue la socie- 

dad mexicana estaba enfrentando. For otro lado, han permi- 

tido gue el pueblo mexicano haya podido mostrar sus enormes 

cualidades y valores.

Medidas de Accion Despues de un Desastre

Luego de un desastre, es necesario tomar una serie 

de acciones gue es posible clasificar de la siguiente 

forma:

1. Medidas de Emergencia

2. Medidas de Rehabilitacion

3. Medidas de Reconstruccion

4. Medidas de Prevencion

Muchas de las medidas gue ha tornado el gobierno
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mexicano hasta la fecha de nuestra visita caen en las dos 

primeras categorias. No obstante, ya se habia comenzado 

a pensar sobre la fase de reconstruccion y como hacerla 

de manera tal que se pudiera prevenir y mitigar los danos 

que futuros terremotos pudieran ocasionar.

Gran parte de las medidas de emergencia que se tomaron 

a raiz del terremoto fueron dirigidas a darle apoyo a la 

poblacion afectada. Entre estas medidas se destacan las 

siguientes:

1. Labores de rescate y salvamento de personas

2. Atencion de heridos y cuidado de enfermos

3. Distribucion de medicamentos

4. Orientacion en cuanto al manejo de cadaveres

5. Abasto de productos basicos

6. Suministro de agua potable en pipas, bolsas 

plasticas y botellas

7. Vacunacion necesaria y prevencion de enfermedades

8. Seguridad y vigilancia

9. Alojamiento en albergues y campamentos 

10. Suministro de alimentos, ropas y enseres

Aunque no directamente dirigido a los damnificados 

o personas afectadas por el sismo, es posible anadir en 

este renglon el Comite nombrado por el Presidente Miguel 

de la Madrid Hurtado para Supervisar los Donativos internos 

y externos. La funcion principal de este Comite es vigilar 

el manejo honesto y transparente de la ayuda a los 

damnificados.

204



Otras medidas que tomo el gobierno mexicano han ido 

'dirigidas a la prevencion de riesgos en los inmuebles dana- 

dos. En esta categoria se incluyen las demoliciones de 

edificios, retiro y remocion de escombros, recoleccion de 

basura, fumigacion, desocupacion de los edificios peligro- 

samente danados e investigaciones preliminares de danos.

Otras medidas han ido dirigidas a la rehabilitacion 

y restablecimiento de servicios urbanos. Entre estas 

medidas se encuentran las siguientes:

1. Restablecimiento inmediato de la energia elec- 

trica y alumbrado

2. Restablecimiento del servico de agua potable

3. Restablecimiento de la viabilidad y el transito 

fluido

4. Restablecimiento de las comunicaciones

5. Restablecimiento de la planta escolar y los 

hospitales

El gobierno mexicano tambien ha tornado otras medidas 

dirigidas a sentar las bases para llevar a cabo el proceso 

de reconstruccion. Entre estas, vale la pena destacar las 

que esta tomando la Secretaria de Desarrollo Urbano y 

Ecologia. Como un primerpaso, la Secretaria va a formar 

un organismo interne para la regeneracion y restructuracion 

de la zona afectada con amplia participacion popular. Este 

organismo llevara a cabo importantes funciones; a saber: 

preparar normas y reglamentos dirigidos a guiar las
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transacciones de inmuebles asi como los usos del terreno 

y construccion dentro de la zona a regenerarse o a restruc- 

turarse.

Antes de la preparacion de estas normas y reglamentos, 

el organismo de regeneracion debera buscar una explicacion 

cientifica del desastre ocurrido en Ciudad Mexico. En base 

a estos hallazgos, preparara un esguema territorial para 

toda la metropolis y un plan parcial para la zona afectada.

En base a estos planes se tomaran medidas de accion 

mas concretas dirigidas a lo siguiente:

1. Adquisicion de inmuebles

2. Regulacion del suelo

3. Ejecucion de obras de infraestructura, equipa- 

miento y vivienda

4. Mantenimiento de la planta fisica.

For otro lado, el Distrito Federal ha tornado o esta 

por tomar una serie de acciones, antes de participar y 

colaborar con otras entidades a nivel nacional en la prepa­ 

racion y adopcion de los planes de restructuracion. Entre 

estas acciones se encuentran las siguientes:

1. Ha congelado la reconstruccion de estructuras 

en solares donde estaban ubicados edificios que tuvieron 

que derrumbarse o van a ser demolidos en un futuro cercano 

como resultado del sismo. Estos espacios, una vez removi- 

dos los escombros, se estan convirtiendo temporeramente 

en lo que ha venido a llamarse jardines instantaneos.
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2. Estan realizando los estudios que van a determi- 

nar la necesidad de modificar el Reglamento de Edificacio- 

nes existentes. Algunos expertos opinan que los 

reglamentos deben ser mas exigentes, otros opinan lo 

contrario.

3. Estan discutiendo la deseabilidad de llevar a 

cabo revisiones periodicas de las edificaciones de uso 

publico y multifamiliares para evitar que la falta de 

deteccion oportuna de dafios estructurales pueda traer en 

el future consecuencias funestas.

4. Estan discutiendo medidas que tiendan a evitar 

el fenomeno de la especulacion en las transacciones de 

inmuebles.

5. En las etapas de construction, recomendar el 

establecimiento de un organismo intermedio entre el 

gobierno y el constructor para que inspeccione las obras 

construyendose y vele porque se construyan de acuerdo a 

los pianos apropiados.

6. Inspeccionar periodicamente si los edificios se 

estan utilizando para el uso para los cuales fueron disefia- 

dos y construidos.

7. Descentralizar dentro de la metropolis algunas 

actividades claves como los centres de salud y centres de 

comunicaciones.

8. Preparar un plan de prevencion y de orientacion 

a la ciudadania sobre que hacer cuando ocurre un terremoto.
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Se estima que un 80 por ciento de las personas que mueren 

lo hacen despues que ocurre el terremoto. Existen discre- 

pancias sobre si la autoridad a cargo de las medidas de 

emergencia, una vez ocurre un terremoto, debe ser civil 

o militar.

9. Los planes futuros de prevencion deberan especi- 

ficar las ubicaciones en areas de menor peligrosidad 

sismica de las redes de comunicaciones, abastecimiento y 

de campamentos a utilizarse durante el periodo de 

emergencia.

10. Dado los conocimientos sismicos que se han adqui- 

rido, examinar la posibilidad de construir rompeondas 

sismicas.

11. Examinar la deseabilidad de inmediatamente 

despues de un sismo de alta maginitud, cortar los sistemas 

de energia electrica, gas y agua.

12. Examinar la posibilidad de ejercer en los 

periodos inmediatamente despues de un desastre un control 

estricto de las vias de comunicacion y transportacion.

El Distrito Federal ha expedido un decreto para expro- 

piar mas de 5,000 estructuras y sus solares. Estas propie- 

dades se encuentran en la zona afectada dentro del Distrito 

Federal. Las mismas se limitaran a estructuras residencia- 

les, cuyos duenos no residan en ellas. Es decir, se trata 

de viviendas alquiladas. Muchas de ellas, tenian sus 

rentas congeladas desde anos despues de la Segunda Guerra
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Mundial. Las expropiaciones buscan una serie de objetivos; 

a saber: prevenir especulaciones; asegurar que las 

viviendas puedan mejorarse; facilitar la agrupacion de 

predios para lograr una planificacion de la zona afectada 

mas integral; y proveer viviendas a los damnificados.

Los planes mas importantes de reconstruccion del 

gobierno mexicano estan todavia en gestacion en las mesas 

de dibujo. El gobierno mexicano esta pensando en recons- 

truir en grande. De acuerdo al Presidente de la Madrid 

Hurtado, "reconstruir no significa simplemente reponer lo 

que habia, sino en muchos casos renovar, cambiar las pautas 

de nuestro crecimiento y de nuestro estilo de vida". En 

este sentido, la reconstruccion incluye no solo la regene- 

racion de las partes afectadas por el sismo del 19 de 

septiembre, sino tambien la descentralizacion de la Ciudad 

Mexico y a la misma vez lograr un desarrollo equilibrado 

v armonico de todo el territorio mexicano.
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CONSIDERACIONES GEOLOGICAS

Jose Molinelli Freytes, Ph.D.

Programa de Mantenimiento Ambiental

Facultad de Ciencias Naturales, UPR, Rio Piedras

Marco Tectonico

La porcion occidental de Mexico es parte del Cinturon 

de Fuego del Oceano Pacifico. Este se caracteriza por una 

gran sismicidad gue ocurre asociada a los margenes de las 

placas litosfericas gue se mueven lateralmente sobre un 

substrato blando (astenosfera) gue se cree es accionado por 

corrientes de conveccion en el manto terrestre.

La alta sismicidad gue se registra en la region 

occidental de Mexico es principalmente el producto de 

procesos asociados a margenes convergentes. Especificamente 

la subduccion de la placa de Cocos bajo la placa de 

Norteamerica donde esta ubicado Mexico ocurre a razon de 6.4 

centimetros al ano. Cuando las rocas son deformadas por 

fuerzas tectonicas, su elasticidad les permite acumular gran 

cantidad de energia. Esta energia es liberada subitamente 

a lo largo de un piano de falla cuando las fuerzas 

deformantes exceden la resistencia de las rocas produciendo 

un terremoto.

Especif icamente el 19 y 20 de septiembre de 1985 dos 

terremotos de magnitud Richter 8.1 y 7.5 impactaron la 

porcion occidental y central de Mexico el primero tuvo 

epicentro a unos 400 km. al suroeste de la Ciudad de Mexico
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cerca de Playa Azul en el Estado de Michoacan y el segundo 

a unos 100 km. al sureste del epicentro primario.

Los terremotos ocurrieron en la Brecha de Michoacan, 

zona de quietud sismica donde no habian ocurrido sismos 

mayores desde principios del siglo pasado. Estas zonas o 

brechas sismicas son indicativas de un alto potencial 

sismico especialmente cuando estan localizadas en un area de 

subduccion activa ya que senala a una acumulacion progresiva 

de energia que podria ser liberada repentinamente en el 

futuro.

Luego del terremoto del 19 de septiembre se produjeron 

una serie de temblores de menor magnitud. La mayor de las 

replicas ocurrio el 20 de octubre. Se puede considerar que 

los eventos sismicos subsiguientes han roto probablemente la 

totalidad de la brecha sismica de Michoacan. Esto reduce 

significativamente las probabilidades de que un evento de 

magnitud similar ocurra nuevamente en la misma area. Sin 

embargo, debe tenerse claro que el ajuste hecho por la placa 

de Cocos en la brecha de Michoacan puede aumentar las 

probabilidades de sismos en las zonas que colindan con la 

brecha de Michoacan.

Peligros Geologicos

Los peligros geologicos inducidos por terremotos mas 

importantes son la vibracion del terreno, movimientos de 

masas, (derrumbes, flujos, deslizamientos, etc.), licuacion, 

maremotos y rupturas del terreno. A excepcion de este 

ultimo todos estos fenomenos ocurrieron durante el sismo de 

Mexico.
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La vibracion del terreno (ground shaking) fue el 

peligro geologico inducido por terremoto mas dafiino durante 

los sismos de Mexico. Los mapas de isosistas revelan una 

distribucion asimetrica de forma eliptica con eje 

nordeste-suroeste en cuanto a su representacion 

planimetrica. Dos condiciones son evidentes: una 

disminucion de los danos, funcion de la distancia 

epicentral, seguida por un subito incremento en la 

intensidad del sismo en la ciudad de Mexico. La primera 

condicion es mas representativa del marco tectonico de 

Puerto Rico mientras gue la segunda representa un caso 

especial de amplificacion de ondas sismicas.

En la region epicentral, las poblaciones de Lazaro 

Cardenas y Playa Azul sufrieron intensidades entre VIII y 

IX, Zihuatanejo e Ixtapa de VII y Acapulco y Manzanillo de 

VI. Sin embargo, ciudades del interior ubicadas en terrenos 

pobremente consolidados, como ciudad Guzman en el estado de 

Jalisco sufrieron intensidades de VIII. El Distrito Federal 

experimento intensidades que varian entre VI y IX en el 

centre de la ciudad. Los efectos que tuvo el sismo sobre 

ciudad de Mexico sorprendieron a muchos expertos dado que la 

distancia epicentral fue de unos cuatrocientos kilometres. 

Esta distancia es lo suficientemente grande como para haber 

atenuado considerablemente el sismo.

Son varies los factores que combinados ayudan a 

explicar la severidad del sismo. En primer lugar 

la irradiacion de la energia desde la fuente sismica se
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produjo con efectos direccionales, con rumbo hacia la ciudad 

de Mexico donde se enfoco la misma. De gran importancia es 

el fenomeno de amplificacion de ondas sismicas en el 

subsuelo de la ciudad. La naturaleza de la amplificacion 

esta determinada entre otros factores por el espesor de la 

capa sedimentaria que en la ciudad de Mexico en la zona 

blanda alcanza hasta un kilometre- Estos materiales 

sedimentarios llegan a tener un contenido de agua de hasta 

300%. Estos consisten de capas alternadas, 

interestratificadas con arcillas de propiedades 

tixotropicas, limos, arenas, abanicos aluviales, lavas 

basalticas y material piroplastico principalmente de 

naturaleza tobacea. Tambien la configuracion topografica 

rocosa bajo la capa sedimentaria no consolidada puede 

reflejar, refractar, concentrar o dispersar las ondas 

sismicas en la cuenca sedimentaria de la ciudad de Mexico.

Estos factores entre otros, modifican la naturaleza de 

las ondas sismicas al cambiar el contenido de frecuencia y 

amplitud de las vibraciones del terreno. La amplificacion 

de ondas sismicas a periodos que coincidan con el periodo 

natural de vibracion de la estructura ayudan a explicar la 

distribucion del dano que en la ciudad de Mexico se 

concentro en los edificios de altura fluctuante entre cinco 

y quince pisos. Como regla general se observo que las 

edificaciones ubicadas sobre materiales geologicos de edad 

Cuaternaria especialmente del Holoceno fueron los mas 

afectados por el sismo.
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No se observe licuacion ni movimientos de masas en la 

ciudad de Mexico. Los danos que estos pudieron haber 

producido en la ciudad de Mexico son totalmente 

insignificantes cuando los comparamos con los causados por 

la amplificacion sismica. La ausencia de movimientos de 

masas significativos es fundamentaImente debido a que la 

zona de mayor amplificacion posee pendientes lianas mientras 

que las areas caracterizadas por pendientes pronunciadas 

(Zona de Lomas) no sufrieron aceleraciones capaces de 

iniciar derumbes u otro movimiento de masas. Es probable 

que haya ocurrido licuacion de arena en el subsuelo, pero no 

se observe evidencia directa de esta sobre la superficie.

Las condiciones geologicas de Ciudad de Mexico no 

tienen paralelo en Puerto Rico en cuanto a la magnitud de la 

amplificacion sismica. No obstante porciones significativas 

de las principales zonas urbanas de Puerto Rico como San 

Juan, Ponce y Mayaguez estan ubicadas sobre aluviones y 

rellenos que alcanzan decenas de metres de espesor. En 

estos materiales geologicos la duracion e intensidad del 

sismo es generalmente mayor.

En cuanto a peligros geologicos en la zona mas proxima 

al epicentre se encontro que igual que en la ciudad de 

Mexico los danos principales son producto de la vibracion 

del terreno. Esta causo un dano a un 25% de las estructuras 

en Lazaro Cardenas y afecto entre 10 y 12 edificios en 

Ixtapa.

Un terremoto de esta magnitud puede producir en los
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primeros 200 kilometres radiales del epicentre todo tipo de 

movimientos de masas, sin embargo, observacion aerea y de 

campo muestra gue los movimientos de masas en esta zona 

costera del Pacifico no fueron significativos. Se supo 

solamente del desprendimiento de una ladera durante el 

primer sismo en la carretera de Zihuatanejo a Acapulco. 

Solo se observaron peguenos derrumbes (5mc.) en los taludes 

de las carreteras gue muy bien pueden ser producto de las 

lluvias. Un factor importante gue puede explicar el 

reducido numero de movimientos de masas en la zona 

epicentral lo es la ausencia de saturacion excesiva del 

terreno previo al sismo. No obstante se necesitan hacer 

muchas mas observaciones en Sistema Montanoso Meridional 

especificamente en la Sierra Madre del Sur donde las 

pendientes son mas escarpadas antes de llegar a una 

conclusion final.

Se observe directamente el fenomeno de licuacion en el 

valle aluvial del Rio Balsas, tanto en porciones del cauce 

como en el llano inundable. En lugares donde las arenas 

estaban confinadas se generaron presiones intersticiales gue 

fueron capaces de agrietar lozas de hormigon de mas de 4 

centimetres de espesor. En Lazaro Cardenas como en otras 

zonas proximas a los rios y costas se reporto la formacion 

de grietas en el terreno y volcanes de lodo y arena. Estas 

observaciones se hicieron en un area gue esta a una 

distancia epicentral similar a la gue podriamos esperar en 

Puerto Rico con relacion a las fallas activas localizadas en
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la Trinchera de Puerto Rico, Canon de la Mona, Fosa de 

Anegada y Fosa de Muertos. Esto indica y confirma 

nuevamente que el peligro de licuacion de arenas en Puerto 

Rico durante un gran terremoto es real.

Se reporto un maremoto durante el sismo principal, pero 

este no excedio los 2 metres de elevacion segun fue 

registrado por los mareografos del Institute Geofisico de la 

UNAM. Este no produjo dano significative alguno.
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CONSIDERACIONES GEOTECNICAS

Carlos E. Rodriguez, Ph.D. 

Departamento de Ingenieria Civil, U.P.R., Mayaguez

A. Subsuelo de la Ciudad de Mexico

Geologicamente, el subsuelo de la Ciudad de Mexico se 

formo debido al azolve del cauce de un rio que fue obs- 

truido por depositos volcanicos. Este proceso geologico 

provoco la formacion de un lago cuyo fondo fue rellenado 

por los depositos aluviales del rio. Se estima que el 

espesor de estos depositos tiene una profundidad que varia 

entre 350 a 400 metros, aunque es posible que alcance mas 

de 600 metros. Esta profundidad, sin embargo, no ha sido 

verificada por barrenos en el sitio. El barreno mas pro- 

fundo realizado tiene una profundidad de 650 metros aproxi- 

madamente sin llegar a alcanzar el manto rocoso.

La mayor profundidad alcanzada para soportar cargas 

de estructuras en la superficie del terreno es de aproxima- 

damente 70 metros. Las caracteristicas generales del sub­ 

suelo de la ciudad en este rango de profundidades son las 

siguientes:

1. Una capa superior de cerca de 33 metros de deposi­ 

tos lacustres de arcillas organicas, limos y lentes 

de arena. La consistencia de estos depositos es 

blanda y las arcillas son altamente plasticas. 

El contenido de humedad de estos suelos es, en
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general, mayor de 250%, lo cual es un indicio de 

la gran cantidad de agua incorporada en este suelo. 

El suelo es altamente compresible de un grado alto 

de sensitividad que lo hace susceptible al 

remoldeo.

En algunos sectores de la ciudad se encuentran 

rellenos artificiales de limos y arcillas que 

alcanzan una profundidad de hasta 12 metros. Estos 

sectores se localizan en la parte antigua o colo­ 

nial de la ciudad.

La capa superior es responsable de los asentamien- 

tos grandes observados en la superficie debido a 

su alta compresibilidad.

2 . Una capa dura compuesta de arena limosa con espesor 

de 3 a 5 metros. La resistencia a la penetracion 

de esta capa es alta con valores de penetracion 

estandar mayores de 50 golpes por pie. En algunos 

sectores, sin embargo, esta capa no ha sido encon- 

trada en barrenos de 45 metros de profundidad. 

Este dato de campo ha sido tornado durante el barre- 

nado efectuado en las cercanias de un edificio 

averiado por el sismo.

La mayoria de las estructuras pesadas son apoyadas 

en esta capa a traves de pilotes de punta.

3. Una capa inferior formada de arcilla limosa alta­ 

mente plastica con valores de contenido de humedad
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de aproximadamente 200%. Esta capa tiene una 

consistencia mayor que la capa arcillosa superior 

y alcanza una profundidad de cerca de 50 metres, 

con un espesor promedio de 14 metres. En algunos 

sectores, la capa inferior contiene lentes delgados 

de arcilla suave.

4. Depositos profundos compuestos de arenas y limos 

con bajos contenidos de arcilla y grava. Estos 

depositos son subyacidos por suelos arenosos mez- 

clados con depositos de toba volcanica provenientes 

de erupciones volcanicas posteriores a la formacion 

del lago de la ciudad. Supuestamente, el manto 

rocoso subyace a una profundidad de mas de 350 

metres.

En base a la proporcion de los diferentes tipos de 

suelos encontrados, la ciudad ha sido dividida en tres 

zonas: a) zona de lago, b) zona de transicion y c) zona 

de lomas.

La zona de lago consiste del perfil de suelos descrito 

anteriormente. Esta zona presenta los problemas de asenta- 

mientos considerables debido a la alta compresibilidad de 

la capa arcillosa superior. La mayor parte de las estruc- 

turas (livianas y pesadas) se encuentran localizadas en 

esta zona, la cual se extiende al norte, centre y sureste 

de la ciudad.

La zona de transicion presenta una reduccion rapida 

en el espesor de la capa arcillosa superior. La zona
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contiene mayor cantidad de limos, arenas y gravas y se 

extiende en una franja al oeste y sur de la ciudad. La 

zona de transicion presenta en algunas ocasiones problemas 

de asentamientos diferenciales considerables en las estruc- 

turas debido a la rapida reduccion de la capa arcillosa 

compresible.

La zona de lomas consists de depositos de lava volca- 

nica localizados al suroeste, sur y sureste de la ciudad. 

Muchas estructuras, incluyendo la Ciudad Universitaria, 

han sido construidas en esta zona.

B. Fundaciones

Los tipos de fundaciones mas comunes en la ciudad 

consisten de fundaciones lianas para estructuras livianas 

y fundaciones profundas, a base de pilotes, para estructuras 

pesadas.

Los pilotes comunmente usados son: 1) pilotes de 

punta apoyados en la primera capa dura arenosa, 2) pilotes 

de friccion hincados en la capa arcillosa superior.

Los edificios coloniales de la ciudad estan apoyados 

sobre fundaciones lianas y por ello han sido sometidos a 

grandes asentamientos.

Los edificios sobre pilotes de punta tienden a emerger 

de la superficie debido al asentamiento del subsuelo gue 

los rodea. Por otro lado, muchos de los edificios sobre 

pilotes de friccion tienden a asentarse ligeramente mas 

gue el suelo circundante. Este asentamiento ha sido redu-
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cido en algunos edificios a traves del uso de cajones de 

cimentacion que compensan parte de la carga transmitida 

por la estructura. Sin embargo, existe la tendencia a 

desarrollarse asentamientos diferenciales, en ocasiones 

considerables, en edificios apoyados sobre pilotes de 

friccion.

C. Observaciones del Sitio

La mayor parte de las estructuras observadas danadas 

y colapsadas durante los sismos del 19 y 20 de septiembre 

de 1985 se encuentran localizadas en la zona de lago de 

la ciudad. La mayor parte de estos colapses se debieron 

a falias estructurales. En muchas de estas estructuras 

las fundaciones permanecieron aparentemente sin dano 

alguno. Sin embargo, se pudieron observar varies edificios 

de 5 a 12 pisos que se asentaron considerablemente durante 

el evento sismico, y otros que, aunque no manifestaron 

asentamiento, sus aceras circundantes sufrieron danos 

considerables de agrietamiento y asentamiento. Estos 

ultimos edificios estan apoyados en pilotes de punta.

Tres edificios que se asentaron considerablemente 

pudieron observarse con detalle. Uno de ellos se asento 

de 4 a 5 pies por debajo de la acera circundante. Otro 

se asento de 3 a 4 pies y el tercero menos de 1 pie. Los 

dos ultimos edificios aparentemente estan apoyados sobre 

pilotes de friccion y muestran evidencia de asentamientos 

diferenciales previos a los mismos. Mas aun, los asenta-



mientos debido al sismo en estos edificios se desarrollaron 

en mayor medida en los sectores de mayor asentamiento por 

consolidacion previa. A consecuencia de esto, los edifi­ 

cios se inclinaron considerablemente.

El tercer edificio se asento 4 a 5 pies en el frente 

y muy poco en su parte posterior. La estructura aparente- 

mente no sufrio mucho dano estructural y se incline como 

cuerpo rigido. Durante nuestra visita se estaba efectuando 

un barreno en un costado del edificio. El barreno habia 

alcanzado 45 metros de profundidad sin encontrar la primera 

capa dura arenosa. Se estima que este edificio esta apo- 

yado sobre pilotes de friccion o pilotes de punta que no 

alcanzaron la capa dura.

Los tres edificios anteriores causaron dafios 

considerables sobre las estructuras vecinas debido a su 

inclinacion.

Una posible causa de la perdida de soporte lateral 

de los pilotes de friccion en estos edificios es el remol- 

deo de la arcilla circundante provocado por el efecto 

ciclico del sismo. Como se menciono anteriormente, la 

arcilla de la capa superior es muy sensible al remoldeo 

llegando a perder considerablemente su consistencia al ser 

sometida a este proceso. (Se reduce a un 10% de su valor 

inicial, aproximadamente.) Mas aun, la inclinacion de los 

edificios debido a consolidacion previa provoco condiciones 

favorables para incrementar el vuelco de los edificios y, 

por ende, su inclinacion considerable durante el sismo.



El fallo de las aceras circundantes a edificios sobre 

pilotes de punta es consistente en varies casos. Estas 

fallas se debieron a la perdida del suelo inmediatamente 

debajo de las aceras. Esta perdida puede originarse posi- 

blemente debido a tubificacion del material por rotura de 

tuberias de agua, a cambios de volumen del suelo sub- 

yacente, o a fallos de las estructuras subterraneas 

utilizadas para drenaje etc., que generalmente son 

fabricadas de mamposteria. Desafortunadamente, pocos 

detalles pudieron observarse para esclarecer la causa de 

la perdida del material subyacente. En dos sitios, la 

acera fue agrietada al ser comprimida por los edificios 

durante su movimiento.

En varios sectores se pudieron observar grietas de 

hasta dos pulgadas de ancho en el pavimento de las calles. 

Muchas de estas grietas coincidian consistentemente con 

la presencia de las facilidades subterraneas localizadas 

en el sitio, mas sin embargo, no se pudo encontrar en el 

terrene la posible relacion de esta coincidencia, mas 

investigacion detallada se requiere para aclarar este 

aspecto.

En algunas calles con pavimento rigido, las losas de 

concrete se alzaron de una a dos pulgadas debido a las 

oscilaciones del terrene. Lo mismo ocurrio en algunas 

calles en donde rieles soterrados fueron alzados, doblados 

y algunos partidos. En otras calles, las losas del pavi­ 

mento experimentaron un agrietamiento fino. Consistente-
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mente, las esquinas de las aceras eran las que presentaban 

mas dano de agrietamiento, levantamiento y asentamiento.

En conclusion, la mayoria de las falias observadas 

fueron estructurales y de acuerdo a las fallas observadas 

ocasionadas por las fundaciones, las estructuras apoyadas 

sobre pilotes de punta aparentemente se comportaron mejor 

que aquellas soportadas por pilotes de friccion. Un factor 

importante en este comportamiento es la alta compresibi- 

lidad y la sensibilidad al remoldeo de la arcilla de la 

capa superior de la ciudad. Aparentemente, la capacidad 

de sustentacion de la capa dura resulto ser alta para 

evitar el hundimiento de los pilotes de punta.

D. Caracteristicas Sfsmicas del Subsuelo

En base a lo observado, se pudo apreciar que la mayo­ 

ria de las estructuras afectadas por el sismo se encontra- 

ban localizadas en la zona de lago de la ciudad. Las 

estructuras desplantadas en la zona de transicion y espe- 

cialmente aquellas en la zona de lomas (zona volcanica) 

no sufrieron dano aparente al ser sometidas al efecto de 

los sismos.

Mucho de este comportamiento esta relacionado, entre 

otras cosas, al comportamiento sismico de los suelos de 

estas zonas.

Es conocido que suelos blandos con las caracteristicas 

del subsuelo de la zona de lago amplifican las ondas sismi- 

cas y la magnitud de esta amplificacion depende mucho del
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espesor de los estratos blandos. El periodo natural de 

vibracion de los suelos blandos de la ciudad ha sido esti- 

mado, en base a mediciones de campo, en el orden de 2.15 

a 2.5 segundos, mientras gue el del subsuelo de la zona 

de lomas es mucho menor. Ademas, el tiempo de duracion 

del movimiento sisraico es tarabien amplificado debido al 

menor amortiguamiento proporcionado por los suelos blandos 

de la zona de lago. Las aceleraciones maximas del terreno 

medidas durante el sismo fueron de aproximadamente O.Olg 

a 0.04g en roca y de 0.20g en la zona de lago en donde se 

observaron periodos naturales de vibracion de ? segundos. 

Sin embargo, en el lago Texcoco al noreste de la ciudad, 

la aceleracion medida fue de 0.14g para periodos de 3 a 

4 segundos. De acuerdo a informacion obtenida, el sismo 

del 19 de septiembre tuvo una duracion aproximada de 1 

minuto en la zona de lomas y de 3 minutos en la zona de 

lago. Estas caracteristicas sismicas son producto de las 

condiciones un tanto particulares del subsuelo de la 

ciudad.

E. Observaciones en la Zona de Zihuatanejo

La zona de Zihuatanejo, Ixtapa, Playa Azul y Lazaro 

Cardenas se encuentra localizada en la costa oeste de 

Mexico frente al area identificada como el epicentre de 

los sismos ocurridos en septiembre. La distancia menor 

al epicentro se localiza en la vecindad de la poblacion 

Lazaro Cardenas a unos 40 kms.

225



Lo que se pudo observar, desde el punto de vista 

geotecnico, fue mfnimo ya que la mayor parte del area se 

encuentra desplantada sobre roca mayormente granitica. 

En esta zona, sin embargo, existen varios rios fluyendo 

hacia el Oceano Pacifico. El cauce de estos rios consiste 

de depositos aluviales de gravas y arenas con pocos finos. 

Estos depositos aluviales alcanzan la zona de inundacion 

de estos rios, la cual es relativamente pequena y poco 

habitada, salvo la zona cubierta por el Rio Balsas, uno 

de los mas caudalosos del pais.

Las estructuras observadas en esta zona de Zihuata- 

nejo - Lazaro Cardenas consisten principalmente de puentes, 

edificios pequefios, hoteles y una presa. Desde el punto 

de vista de fundaciones, el dafio ocasionado por los sismos 

fue minimo. Aunque las secciones de los puentes se despla- 

zaron y rotaron vertical y horizontalmente, solo se pudo 

cbservar el fallo de un puente. Los pocos colapsos de 

edificios en el area estuvieron asociados a problemas 

estructurales mas que a problemas de fundaciones. Al 

mismo tiempo, no se apreciaron falias de deslizamientos 

de masas rocosas activados por los sismos. Sin embargo, 

residentes del area indicaron que se produjo un desliza- 

miento al sur del area visitada ocurrido dias despues de 

los sismos principales.

En Zihuatanejo se observe agrietamiento fino de la 

roca. En Playa Azul se desarrollaron fisuras en el suelo.
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Aunque no pudimos observarlas, se reportaron en esta area 

grietas de hasta 1.5 pies en el terreno.

En el area de Lazaro Cardenas, un puente sobre el Rio 

Balsas resulto seriamente averiado. El acceso del puente 

sufrio serios danos de agrietamiento longitudinal y asenta- 

miento que indicaban fallo de las fundaciones del terraplen 

del acceso. Las grietas llegaban a alcanzar 2 a 3 pies 

de ancho y 3 a 4 pies de profundidad. No se encontro 

evidencia de deslizamiento de la masa del terraplen. El 

terraplen de la carretera, el acceso y el estribo del 

puente se encuentran sobre depositos aluviales de gravas 

y arenas con poco limo.

En las vecindades del puente y aguas abajo se pudo 

observar evidencia de desarrollo de licuacion del material 

granular de los bordes del r£o, lo cual es indicative de 

las presiones de poro que se desarrollaron durante el 

sismo, asi como tambien, del estado de densidad suelta del 

material. Lo mas interesante de esta evidencia fue que 

se pudo observar tambien bolos de grava hasta de 2 pulgadas 

de diametro que fueron arrastrados durante la licuacion. 

En algunos sitios se observaron pequenos domos de acera 

fina con limo y productos tambien de la licuacion.

La pilastra del puente cercana a los sitios con evi­ 

dencia de licuacion roto y aparentemente por fallas en el 

subsuelo. En base a esto, se estima que el agrietamiento 

y asentamiento observados en el acceso del puente se debie-
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ron al colapso del subsuelo por causas relacionadas con 

presiones de poro y licuacion, provocadas por el sismo.

Cerca de este sitio y tambien sobre el Rio Balsas, 

la cortina de la presa Morelos (La Villita) sufrio leves 

danos. En la cresta del talud aguas abajo se desarrollo 

un pegueno deslizamiento de cerca de 200 pies de largo en 

la direccion del eje de la cortina y de 15 pies en la 

direccion transversal. La cresta se hundio cerca de 8 

pulgadas. Mas informacion es reguerida para estimar la 

amplificacion de la aceleracion ocurrida en la cresta de 

la cortina para determinar las condiciones del 

deslizamiento.

Finalmente, y tomando en cuenta lo cerca gue esta zona 

se encuentra del epicentre, los danos ocurridos resultaron 

ser minimos. Esto conduce a la consideracion de la impor- 

tancia gue tienen las condiciones del subsuelo de la Ciudad 

de Mexico en la generacion de los danos causados por los 

sismos del 19 y 20 de septiembre de 1985. Tambien, lo 

importante gue ha resultado el contar con un programa de 

instrumentacion gue permita medir los parametros necesarios 

para la evaluacion mas adecuada de los sismos y sus 

resultados.
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I. INTRODUCCION

En esta seccidn se resumen los danos observados mediante una inspeccidn 

visual realizada a varies edificios localizados en distintas zonas de la 

Ciudad de Mexico, asf como en la vecindad del poblado de Playa Azul localizado 

en la costa oeste del pais. Los edificios examinados detail adamente en la 

Ciudad de Mexico estan locelizados en el sector Tlatelolco y la colonia Roma, 

en la porcidn central de la ciudad. Otras a>eas en la Ciudad de Mexico que 

se observaron superficialmente fueron los sectores de la colonia Dociores, 

el Centro Medico, Pino Suarez, y Morelas. Las areas de Tlatelolco y Roma 

fueron seleccionadas para una inspeccidn detailada luego de un reconocimiento 

preliminar, ya que se encontrd que eran representatives del dano estructural 

inducido por el terremoto y su replica principal.

En la region oeste del pais se recorrid la zona comprendida entre Z'hueia- 

nejo y Playa Azul, estc ultima localizada en la vecindad de la desembocadjra 

del Rfo Balsas. El poblado de Playa Azul esta localizaco aprcxirnacanerte 

5 40 kms. del epicentro del sismo del 19 de septiembre mientras cue la ciucad 

GC Z'ihiiatanejo esta localizada aproximadarnente a 100 k*ns. eel ericeniro. 

De la inspeccidn de los danos estructurales en tstas dos zonas se puece inferir 

en prime^ lugar el ccmportamiento de las estri:cturas a distancias epicentrales 

similares a las pronosticacas   en la zona metropol itana de San Juan de Puerto 

Rico, asf como el efecto amplificador de los depdsitos de suelc profundos 

de baja consistencia. A continuacidn se detallan las observac-iones realizados 

en cada region:

II. Zcna de Ciudad Mexico

Los mayores estragos inducidos por los terremotos del 19 y 20 de septiem­ 

bre de 1985 se concentraron en aquellas areas donde ocurren depdsitos profundos
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de suelos blandos. (Vea Figura A) Un resumen de las estructuras mas afectadas

indica cue del inventario total de edificios, aquellos mas afectados son

los de 6 a 15 plantas, segun se indica parcialmente en la siguiente tabla:

Numero de pisos Porciento de estructures efectadas

hasta 2 2.

3 a 5 3.

6 a 8 16.

9 a 12 - 23.

mayor de 12 22.

TABLA A: Porciento de estructuras afectadas

El alto pcrcenteje de edificios localizado en los depdsitos profundos 

cfectados por los sismos puede explicerse en base a los registros cbtenidos 

er varias localizaciones de Ciudad Mexico y reportadas en las referencias 

1 a 3. Lcs recistros obienidos en suelo firme de la UNAM Indicaron acelera-+s

clones maxirr.as de 34 cn/seg.2 rnientras que registros obtenidos en la Central 

de Abastos y la Secretena de Comunicaciones y Transportes, sobre los cepcsitos 

eltomente ccrnpresibles de la Ciudad, indican aceleraciones maximas de 95 

cn/seg2 y de 168 cm/seg^ respectivamente. La relacidn de aceleraciones para 

las distintas localizaciones se resume en la siguiente tabla:

*La Figura A que no se pueden obtener
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Localizacion Ace 1eradon (cm/seal.)

NS EW V 

Jardin Inst. de Ingenierfa,
28 34 21

Central de Abastos
(Frigor'fico) 81 95 27

Sect. Comunicaciones y 
Transportes 98 168 36

TAELA B: Resumen de aceleraciones para, distintos 
registros en Ciudad Mexico

Mas aun, los espectrcs de aceleracidn desarrollados para los registros de 

la Central de Abastos y la Secretana de Comunicacidn y Transporte mostraccs 

en las Figuras B y C respectivamente, indican respuestas maximas entre los 

periodos de 2 a 3.5 segundos. Por lo tanto, edificios de 10 a 15 pises ccn 

sericcos fundamentales en el regimen inelastico del orden de 2 o mas y local 1- 

z&dcs er. los suelos altamerite cornp^-esibles de la ciudad capital, estjviercn 

scinetidos a aceleracior.es espectrales que varfan entre 100 cm/seg2, pars 

el componente EW de la Central de Abastos, hasta 1000 cm/sec2 para el compo- 

nente EW de la Secretarfa de Cornunicacion y Transportes, para un coeficienie 

de amortiguamiento de 5%. Estas respuestas espectrales son inducidas en 

los depositos blandos por caracten'sticas particulares del sismo del 19 ce 

septieaibre y de los depdsitos tales como la larga duracidn registrada y su 

coinportamiento practicamente armdnico a niveles altos y sostenidos de 

aceleracidn.

Los parcmetros principales de este sismo indican que aquellas estructuras 

con perfodos elasticos fundamentales en el orden de 1 seg fueron scmetidos 

c solicitaciones dinamicas que aumentaron con la degradacidn de la rfgidez

*
La Figuras B and C que no se pueden obtener.
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estructural (y, per ende, su aumento en perfodo fundamental) y a los extensos 

requeri:rientos de ductilidad necesarios para dlsipar la energia pertubadora 

a consecuencia de la larga duracion de los movinrientos fuertes.

Estas conclusiones se pueden obtener de los espectros ilustrados en 

Us figuras D y E. En la figura D se compara el espectro de respuesta estimado 

para el suelo competente o firme durante el terremoto del 19 de septiembre, 

utilizando el criterio de Newmark-Hall de la referenda 5, con el espectro 

elastico de dseno especificado por el Reglamento de Construed 6"n para el 

Distrito Federal de Ciudad Mexico, para suelc tlpo I. Comparando ambas curvas 

vsmos cue el especiro del tsrremoto estaca esencialmente dentro ce los Itmites 

del esDectro elastico prouuesto per el Reel amento de Construed on.

Este no es el case sin embargo, cuando el espectro ootenido pars la 

Secrstaria de CouJunlcaclones para 52 de airorciguanriento se conparc cc-n el 

espsctrc elcstlco especificado para la Zona III (suelos ccrnprasibles del 

Codigo Mexicanc). Segun se observe en la figura E, debido a la concsntracion 

ae energfa en la vecindacl del perfodo de 2 segundos el espectro ae resrues'a 

alcsnza unos valores exirsmos y consiaerablemente mayores cue \os vcloras 

establecidos en el espectro elastlco de dissno estipulado por el Cocico para 

esta Zona III. La condicidn peer ocurre para el perfodo de 2 segundos, donds 

valores espectrales de 100- de aceleracidn de gravedad son obtenidos, aproxiruc- 

daniente cuatro veces ma yores que los va lores de diseno del espectro elastico 

del Co"digo. Los requerimlentos de ductilidad traslacional inicial requeridos 

por este espectro para edificios de porticos y de muros de cargas de diferente 

perfodo, se indican bajo el eje horizontal de la figura. Los espectros de 

dissno elastoplastico establecidos en el Ccdigo para edificios de muros de 

carga o de porticos tambien se ilustran en dicha figura.
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Es de interes evaluar el comportamiento cualitativo anticipado para 

estructuras de ciferente altura sometidas a los novimientos registrados en 

la Secretarfa de Comunicaciones. Considerando en primer termino un portico 

de hormigdn armado con un perfodo fundamental de vibracion de 0.5 segundos 

(representative de un portico de aproximadamente cinco pisos de altura) y 

presumiendo que dicha estructura haya si do disenada de acuerdo con los 

requisites de ductilidad del Codigo Mexicano es de esperarse que la misma 

sea sometida a incursiones inelasticas durante los primeros ciclos del 

terremoto. La a'ccidn inelastica reduce la rigidez estructural del ecificio, 

causando un aumento en el perfodo fundamental de la estructura a un valor 

oe aprcximadamente 1 segundo, utilizando los criterios presentadcs por Sozen 

en la referenda 6, Ademas aumentarfa el valor del amortiguamiento por sobre 

el 10*o del amortiguamiento crftico, utilizanco el criterio anterior. Debido 

a cue la estructura permanecerfa en la region inicial del espectro, los 

recuisitos de ductilidad. aun.cue mayores que lo normalmente acestaccs, cocrfan 

ser tolerados per un buen numero de estructuras adecuacamente ciser.adas. 

El misrno argumento serf a apli cable en el caso de estructuras de menos eltura.

Cuando el perfodo fundamental aumenta por sobre los 0.5 segunccs, la 

reduccidn en rigidez de la estructura resultante a consecuencia de la accidn 

inelastica causarfa que el perfodo fundamental de la estructura se mueva 

dentro de las zonas del espectro donde se producen aumentos considerables 

en los valores de fuerzas. El aumento en el amortiguamiento asociado con 

la accidn inelastica no es suficiente para contrarrestar este aumento 

significative en la respuesta causado por la migracidn del perfodo. A 

consecuencia de este fendmeno se imponen requisites extremes de ductilidad 

traslacional a la estructura, capaces de causar danos severos o el colapso 

de las mismas. El comportamiento descrito es valido para estructuras de 

porticos con un
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periodo fundamental elastico de aproximadamente 0.6 a 1.2 segundos, 

correspond!ente a estructuras de porticos del orden de 6 a 15 pisos de altura. 

Estructuras con pen'odos fundamentals elasticos mayores de 1.2 segundos 

estarian sujetas a aumentos en los pen'odos por sobre los 3 segundos, luego 

de las prlmeras incurs!ones inelasticas, por lo tanto moviendose fuera de 

la region critica del espectro. Estos resultados son de extrema importancia, 

ya que "os reportes de danos causados por el terremoto del 19 de septiembre 

de 1985 en edificios de entre 6 y 15 pisos de altura.

La tabla C resume los resultados de un cense realizado por la Driversidsc 

Uacional Autonoma de Mexico (Ref. 4) donde se evaluaron las estructuras que 

colaDsaron c tuvieron danos extraordinarios en la zona mostrada en la Figura A. 

de acuerdo con el si sterna estructural utilizado.

Si sterna Estructural

Porticos Hcrrnigon 

Porticos Acero

Porticos Hcrmigon con 
losas planas

Mamposteria 

Otros

Colapso 

* poblacion 

59 

5

28

7

1

Danos extraorcir.crios

poblacicn 

42

41

6

9

TABLA C: Resumen de Danos a Sistemas Estructurales

De esta informacion se deduce que el si sterna estructural que mas danos 

experimento en esta zona fueron los pdrticos de honnigon con sisteir,a de pises 

compuestos por losas y vigas, seguidos por porticos de hormicon con sistenas 

de pisos compuestos por losas planas. Para los edificios con porticos de 

hormigon que colapsaron, mas del 50% de la poblaci6n examinada tenia entre
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6 a 15 plantas mientras que para aquellos que sufrieron daf.os extraordlnarios, 

ma's del 75* estaban en el mismo rango de altura.

El dano sufrido en porticos de acero es pequeno especialmente por que 

el material estructural primordialmente utilizado en la ciudad de Mexico 

es el hormigdn. Sin embargo, debemos observer que de las nueve estructuras 

ce acero colapsadas 4 eran menores de 5 plantas y que las dos pertenecienies 

al Complejo Torres de Pino Sua>ez, eran mayores de 15 plantas. La unica 

estructura de acero que sufrid danos extraordinarios tenia entre 11 a 15 

planzas y los dafios fueron causados pri more i a linen te por defonnaciones penna- 

nentes en la direccidn larga del .edificio, inducidas por las consideraoles 

excurciones Inela'sticas.

El porciento de estructuras de mamposteric colapsadcs o severamen^e 

aaficdcs por el sismo es pequeno comparado con el si sterna estructural ce 

peril cos de hormigdn, ocurriendo ma's del SOS ds los danos en ecrificios menores 

ce 5 plsr.ucs. Debido al bajo perfodc de vibracidn asociccc con este tipo 

ce estructuras debemos concluir que los danos causados por el sismo en 

estructuras ae este tipo se deben a efectos asociados con las tecniccs 

construct!vas utilizadas.

Debemos observar que los muros de corte de hormigdn armado no son utilizs- 

dos comunmente en Ciudad Mexico, pues son altamente penalizados por el Regla- 

mento de Construccidn. Por lo tanto, las observaciones hechas en la zona 

afectada no permiten determinar conclusivamente si el comportamiento de este 

si sterna estructural fue estadisticamente adecuado c no.

Los danos estructurales severos observados en los edificios examinados 

fueron causados por la combinacidn de uno o mas de los siguientes factores:

a. Torsion en los pianos horizontals causados por plantas estructural- 

mente asimetricas y/o cambios bruscos de rfgidez en la direccidn
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vertical de las Tineas de elementos estructurales. Estas asimetrias 

y/o cambios bruscos en rigidez con altura eran frecuentemente el 

producto de paredes de mamposteria que rellenaban los porticos, 

b. Insuficiencia de ductilidad en los elementos estructurales

principales. 

c. Conecciones deficientes entre los elementos estructurales existentes

y de las amp!iaciones sucesivas. 

d. Cheques entre edificios adyacentes por desplazamientos dinamicos

fuera de fase:

e. Fallas no ductiles, tales como el efecto de columnas cortas. 

f. Sistemas estructurales de pi so excesivamente pesados y rfgidos. 

Los danos asociados con la respuesta torsional se rnanifiestan en aquellas 

estruciuras con una gran cantidac de muros de mamoosterfa distribufdos asine- 

tricamente y utilizados como paredes no estructurales. Se cbservaron danos 

extraordincrios y colapsos de estructuras localizades en escuinas, ya qus 

"las pareces laterales usuelmente sdlidas y formadas por porticos rellenos 

con TTiasnpcsterfa en una o dos de las colindancias de los scleres crean granaes 

excentricidades entre el centre de masa y el centro de rfgidez del edificio. 

Inclusive, en edificios con arreglos simetricos, donde los porticos de honnigdn 

se rellenaron con mamposterfa, se observeron fall as asociadas a la repuesta 

torsional, inducidas por fallas prematuras en la mamposterfa de relleno de 

algunos de los pdrticos.

Debemos observer ademas que el uso de los muros de mamposterfa como 

elementos divisorios en pisos superiores al primer nivel inducieron fallos 

exiraordinarios en las columnas del primer nivel al no poder estas resistir 

las fuerzas asociadas con las rigideces de los niveles superiores. La disipa- 

cion de energfa que se le impone a estas columnas es mayor que la energfa 

disponible en las incursiones inelasticas de las mismas. En la literature
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sismoresistente a esta condicion se le conoce como "soft story" y su debilidad 

racica en que la mayon'a de la energia inelastica se disipa en un solo nivel. 

Cabe mencionar que folios del tipo "soft story" se observaron en ciertas 

estructuras en niveles superiores al primero. En estos casos las estructuras 

cebieron observar un comportamiento inicial similar a muros de corte, fonnadas 

por porticos rellenos por mamposteria, hasta que un fallo subito de las paredes 

de un pi so dado motivo" que este actuara como un "soft story".

Las estructuras examinadas mostraban colapsos o danos extraordinarios 

Inducidcs primordialmente por el colapso de las columnas. Los sistemas de 

pi so no mostraban daf.os significativos al desplomarse score las columnas. 

Las columnas examinadas tienen aros .colocados de 9 a 12 pulgadas entre si 

con las varillas longitudinales concentradas predominanteinente en las esquinas 

de las columnas. Cabe mencionar aue muchas de estas columnas SOP de dimen- 

siones considerables. El espacismiento holgado de los arcs de las columnas, 

la concentred <5n de las vsrillas longitucinales y la ausencia de confinarciento 

en el area de la cclumna lejos de las esquinas no permitieron el confinamientc 

cdecucdo ael hormigcn de las columnas durante los multiples ciclos de soliciia- 

ciones sTsmicas inel&sticas sufridos por las estructuras. El honnigor agrie- 

tado en el centro de la columna se desprende de la misma y el refuerzo pierde 

su estabilidad longitudinal, colapsandose la columna. Las observaciones 

indican que las provisiones de disefio empleadas en las estructuras colapsadas 

no garantizan el concepto de la columna fuerte y viga debil. Debemos anotar 

ademas que debido a las cargas gravitarias impuestas por los sistemas estructu- 

rales de pi so la ductilidad de la columna se reduce significativamente una 

v£2 la carga axial excede la carga axial balanceada, provocando las fallas 

ce flexo-compresion observadas en las mismas.
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En multiples edificios se observaron fall as en uno o mas niveles de 

los pisos superiores, causados por el desplome de las columnas. Estas fall as 

en los ultimos pisos del edificio, donde tanto los esfuerzos si'smicos como 

grevitarios son minimos, senalan un comportamiento deficiente de las columnas 

y/o sus conexiones generado por tecnicas inafiecuadas de detalle para ductili- 

dad. Debemos sospechar en estas circunstancias que una porcidn de los pi sos 

superiores colapsados fueron construfdos sin haberse considerado adecuadamente 

el ccrnportannento dinamicc de la estructura. Ctra posibilidad es que hayan 

slco c-iciones a edificios ya existences.

Los cheques entre edificios adyacentes, desplazandose estos lateralmente 

fuera ae fase causaron danos localizadas en multiples estructuras. Este 

coir.portamiento indeseable puede haber sido inducido por los efectos de los 

modos superiores de vibracidn o por cambios bruscos de las rigideces entre 

DISCS. El misnio puede ser eliminado proveyendole una separaclcn minima entre 

^os rnlsncs, la cual sec funcicn de si,1 eltura y la cual tone en c ensile re Glor­ 

ias deformaciones inelasticas enticipadas. Las deformaciones inelasticas 

son e su vez funcidn del sistema estructural.

El efectc de las columnas cortas se manifiesta primordialmente en aquellas 

estructuras de porticos donee una porcion de la altura de la columne se confina 

con paredes de mampcsterfa, generando una columna corta usualmente entre 

el proximo nivel de la estructura y la pared. Durante las excitaciones de 

un sismo, la columna corta es sometida a su resistencia ultima flexional, 

induciendose unos esfuerzos de cortante altos dada su reducida altura. La 

ccl-jmna fall a en cortante tan pronto los esfuerzos aplicados exceden su capaci- 

cad. Observaciones de este fenomeno en estructuras de porticos en hormicdn 

usados en la construccion de escuelas muestra que la falla es catastrdfica 

al colapsarse los pi sos superiores sobre los niveles inferiores, un coir.porta-
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nriento totalmente contrario al comportamiento ductil que se logra en una 

columna de largo normal debidamente confinada.

Todas las fallas catas.rdficas examinadas indican que el colapso del 

pi so no ocurre primordialmente porque el si sterna estructural del mismo hubiese 

fallado sino porque las columnas perdieron su capacidad de carga en flexocom- 

presidn. Este tipo de falla intiica que los sistemas estructurales de piso 

usados son extremedamente rigidos y resistentes y no garantizan la formacitfn 

de articulaciones plasticas en las vigas. Dichos sistemas, debido a su alto 

oeso unitario, generan fuerzas inerciales considerables en los elemenzos 

prlnciDales de la estructura, oue de no evaluarse adecuadamente pueden dessnca- 

cerar en un colapso parcial o total del edificio.

Las causas de los danos cbservados en la zona de Ciudad Mexico se han 

nianifestado en terremotos anteriores ocurridos tanto en Mexico como en otros 

paises. La experiences nuevamente indica que la no consiceracidn de los 

principios baslcos oe la ingenieria amis ism-ice redunca en descracias signifi- 

cativas para la sociedacS.

III. Ions ce Zihuatanejo a Playa Azul

En esta zona del Pacifico, los terremotos no generaron amp!ificaciones 

severas como las registradas en Ciudad Mexico. La energia liberada por el 

sismo se propagd a toda la region recorrida causando estragos en varias estruc- 

turas y en los puentes.

Los dafios observados en las estructuras fueron causados primordialmente 

por los primeros dos factores enumerados para Ciudad Mexico, a saber, torsion 

en los pianos horizontals y deficiencies en ductilidad de los elementos 

estructurales. Se encontrd evidencia de edificios colapsados por desplome 

de las columnas sometidas a cargas biaxiales en exceso de su capacidad y
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sin tener estas el debido confinamiento para el hormigdn. Se registraron 

adema's grietas ciagonales significativas en edificios de seis pisos de altura 

donde se utilizaban paredes de mamposterfa como sistema estructural. No 

se cbservaron, sin embargo, danos significativos en edificios menores de 

ires plantas donde el sistema estructural empleado era de paredes de mampos­ 

terfa. £n esta re.gion no podemos establecer inferencias score el espectro 

de aceleraciones, ya que los registros del sismo aun no han sido analizados 

detalladamente por los investigadores. Por lo tanto, no es pcsible estimer 

las aceleraciones rnaximas inducidas por el sismo y el per-'odo de vibricici 

mas cfectado por el misrno. Si anticipamos un comportamiento caracterfstico 

de registros cercanos al area oe ruptura scspechamos, sin en:bc-go, que las 

incursiones en el regimen inelastico deben haber side mucho menores que las 

senticas en Ciudad Mexico, lo cual ayudaria a explicar las diferencias en 

danos observadas entre esta area y ciudad Mexico.

Debemos ocservar sin embargo, que er. esta zona, contraric a Ciudad Mexico, 

el sismo afecto significativamente las alineaciones horizontales y venicales 

de los puenies en la zona reconocida y causd defies extraoTlnarios en el 

puente lazaro Cardenas. Todos los puentes observados de secciones de honniccn 

pretensados exceptuando al Lazaro Cardenas, estaban abiertos al trafico aunque 

algunos de ellos mostraban desplazatnientos relatives horizontales, tanto 

longitudinales como transversales, y desplazamientos relatives verticales, 

respectivamente de, 2-1/2, 2 y 1-1/2 pulgadas. Estos desplazamientos fueron 

causados por movimientos relatives de las pilastras que soportaban las vigas 

pretensadas al excitarse su base por el si^mo. El puente Lazaro Cardenas, 

tarcbien en hormigon pretensado sufrio defios considerables en las pilastras 

al agrietarse y desprenderse el hormigon de las mismas. Las pilastras centra- 

les del puente de 6 tramos de 35 mts. de longitud cada uno, quedo permanente-
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tnente defleccionado hacia el oeste por los efectos del sismo. La superficie 

de rodcje fue sometids a rotaciones significativas causando fallas en compre- 

sicn entre las parapetos laterales del puente y los pasamanos de acero sobre 

los mismos. El terreno alrededor de las pilastras de los extremos se asentd 

aproximadamente 12 pulgadas y cause el colapso del revesti-iento eel talud 

asf come rotaciones en los pilastras. Los cafios observados en dicha estructura 

son considerables y la reparacion els la misrna requiere detailadas evaluaciones 

teen leas y econdmicas.

IV. Correntarios Finales

Los dafios sufrices per la Ciudad de Mexico fueron inducidos p^inorcicl- 

mente por la alta amplificacion generada por los depdsitos blandos y profundos 

de la ciudad. El pen*ode constante de aDroxiaisdamente 2 seguncos, asf corno 

el alto nurnero de ciclos .sostem'dos de aceleraciones altas cfectarcn adverse- 

r.-r.ts las estructuras de perfpdos fundamental es de vibracicn cerca ce 2 segur- 

cos. Por el otro lado, los danos sufridos en la region del Pacifico entre 

Zir.jctanejo y Playe Azul fueron inducidos primcrdialmente por las acelercciones 

del sismc inducidos por ondas ce alta frecuencia afectando mayormente aquellas 

estructuras de perfodos de vibracidn fundamentales bajos que no pudieron 

resistir la sclcitaciones sfsnricss generadas.

En la zona metropolitana de San Juan» Puerto Rico, los efectos de un 

sismo como el registrado el 19 de septiembre de 1985 en Mexico centrado en 

la pared sur de la trinchera de Puerto Rico, a unas 30 d 40 mi 11 as de la 

costs, serfan parecidos a los experimentados en la zona del Pacffico compren- 

dii:. -entre Zihuatanejo y Lazaro Cardenas. Si por el contrario el evento 

se localizara a mayor distancia la intensidsd de los movimientos serfa menor, 

pero la duracidn de los movimientos serfa mayor. Para el primero de los
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cases se deben implementar mecidas de mitigacidn de danos necesarias para 

evitar que se afecten seriamente las facilidades vitales de infraestructura 

(estructuras tradicionalments n'gidas) y se debe iniciar el proceso de renabi- 

litacidn de las mismas, necesario para proveerle la seguridad estructural 

requerica para el sisrno. Para el segundo ce los casos los danos se pccrian 

concentrar en estructuras multipisos sf la intensidad y duracidn de los movi- 

rnientos obliga a estas estructuras a entrar en el regimen inelcstico. La 

propuesta revisada del Reg!amento de Edificacidn, en sus aspectos sismoresis- 

tenies, na contempladc esta posible condlcidn. Cabe menclonar que aunque 

anticipates amplificaciones de movimientos en ciertas zonas de depdsitos 

ce cebil consistencia las crdenes de macnitud de las misrnas debcra'n ser mucr.o 

menores que los registrados en ciudad Mexico. For tal motive debemos imple- 

rner.tcr inmediatamente los requisitos de diseno asismico propuestos. Ics cuales 

se *",3n postulado conforme a las reslidodes de Puerto Rico lo antes posible.
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CONSIDERACIONES SOCIALES

RUTH DALILA CARRERAS, P.E.

DEPARTAMENTO DE RECURSOS NATURALES

El terremoto ocurrido en septiembre de 1985 nos hace 

reflexionar y preocuparnos sobre cuan preparados estamos en 

Puerto Rico para afrontar una situacion similar.

En nuestra visita a Mexico hemos podido ver de cerca 

el probleraa de miles de damnificados de todos los niveles 

sociales que piden al Gobierno que actue rapida y 

eficientemente. Pero, <?c6mo puede el gobierno mexicano, que de 

por si se encuentra en una situacion economica dificil, 

reconstruir a Mexico con la rapidez que le piden sus 

ciudadanos?

Al momento de ocurrir el gran sismo de septiembre no 

habia en el Distrito Federal, ni en la ciudad, ni en el pais 

de Mexico, un Plan de Contingencia para bregar con una situa­ 

cion de emergencia como la del terremoto. A pesar de que 

tanto el gobierno, como los cientificos de la Universidad 

Autonoma de Mexico estaban conscientes de la vulnerabilidad de 

Mexico no se habian adoptado medidas para mitigar y evitar el 

desastre. Tampoco habia un programa de divulgacion publica o 

de orientacion en las escuelas sobre que hacer en caso de un 

terremoto. El Distrito Federal estaba preparando un borrador 

de un Plan llamado Sistema Integral de Proteccion y 

Reconstruccion, pero el sismo llego antes que este Sistema
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fuese adoptado y conocido. Solamente cuenta el gobierno con 

la Secretaria de Defensa Nacional - organismo militar con un 

Plan General de Emergencias llamado Plan DN-3. No obstante, 

este Plan se circunscribe a vigilancia y control de entrada y 

salida a la zona de desastre. Al momento del sismo la ciuda- 

dania no sabia que hacer para protegerse. Si a eso anadimos 

que en Ciudad Mexico el sismo duro aproximadamente cinco minu- 

tos y que muchos de los edificios son altos, veremos porque 

sobrevino el desastre causando miles de muertos y heridos. Es 

importante senalar que a las 7:19 AM, hora en que ocurrio el 

terremoto, la mayoria de las escuelas y oficinas estaban 

vacias ya que era temprano. Si hubiese sido en horas labora- 

bles entonces hubiese ocurrido una catastrofe.

Como ya indicamos, en Ciudad Mexico no habia planes 

para terremoto y aunque existen grupos de vecinos organizados 

por manzana los mismos no estaban preparados para la emergen- 

cia. Es bueno senalar que la falta de preparacion es lo que 

hace que un riesgo natural que no se puede predecir, se 

convierta en un desastre, ya que se pierden muchas vidas.

Al concluir el temblor, que fue sumamente fuerte y que 

algunos ciudadanos alegan que sintieron gran temor porque 

nunca habian sentido o visto algo tan grande hasta el extreme 

de considerar que "se estaba acabando el mundo", el pueblo, 

desesperado, salio a las calles. Hubo muchos problemas, la 

gente queria ayudar, pero no sabian que hacer. No obstante, 

hubo una respuesta muy buena, muy espontanea del pueblo,
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especialmente de la juventud. Muchas personas fueron 

rescatadas, pero otras no fueron rescatados a tiempo quizas 

por la ausencia de un plan u organizacion definida para actuar 

agil y eficientemente.

Cabe senalar que entre los edificios mas afectados se 

encuentran una gran cantidad de escuelas, edificios publicos 

y viviendas.

Los funcionarios gubernamentales y profesores de la 

Universidad Autonoma de Mexico lamentaron no haber estado pre- 

parados para el terremoto. Quizas es que como dijo un profe- 

sor, "en Mexico todos los dias tiembla y estamos tan acostum- 

brados que no pensamos que habia que prepararse para un terre­ 

moto de la magnitud de este".

La angustia dio valor a la ciudadania y sobreponiendo- 

se al dolor y al susto ante la posibilidad de mas temblores, 

comenzaron a organizarse brigadas para auxiliar a los atrapa- 

dos, asf como asistencia a los heridos y a los cientos de 

miles que habian quedado sin hogar.

Viveres, ropa y medicamentos comenzaron a llegar lo 

mismo a los sitios afectados como a recintos oficiales donde 

comenzaron a organizarse albergues y centres de asistencia.

Miles de mexicanos se daban a la tarea de auxiliar a 

socorristas, policias y bomberos en la tarea de rescatar a los 

atrapados en los derrumbes.

Debido a la falta de prevision, la capacidad de los 

cuerpos de rescate pronto fue rebasada por la realidad de los
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hechos. En todos los sitios se carecia de equipo 

especializado y las excavaciones se hacian, practicamente, con 

las unas. Eran cientos de miles de ciudadanos de todas las 

edades y condiciones sociales los que trataban de ayudar.

Al paso de las horas del 19 de septiembre, la zona de 

desastre crecia, no solamente por los derrumbes que por todas 

partes seguian registrandose, sino por el huir de millones de 

personas que abandonaban sus hogares ante el temor de que se 

vinieran abajo.

Al mediodia, la zona mas afectada habia sido 

acordonada y se habia puesto en marcha, por ordenes del Presi- 

dente de la Republica, el Plan de Emergencia DN-3.

En esas primeras horas, no se conocia la magnitud de 

la tragedia y en unas declaraciones a la prensa, cuando hacia 

su primer recorrido por los sitios mas afectados, Miguel de la 

Madrid manifesto: "estamos preparados para atender esta situa- 

cion y no necesitamos recurrir a la ayuda externa. Mexico 

tiene los suficientes recursos y unidos, pueblo y gobierno, 

saldremos adelante. Agradecemos las buenas intensiones, pero 

somos suficientes".

La ciudad se paralizo. No habia vida comercial ni 

oficial, ya que en zonas donde el temblor no provoco danos, 

los ciudadanos concentraban su empeno y esfuerzos en 

informarse de lo que habia ocurrido a sus allegados en otras 

zonas o bien se integraban al gigantesco cuerpo de voluntaries 

cuyo concurso resulto valiosisimo para cerrar las zonas devas-
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tadas, trasladar heridos, remover ruinas en busca de seres 

humanos y poner un poco de orden en el maremagnum de 

vehiculos.

For la tarde ya se tenia un panorama mas o menos com­ 

plete de los danos y las informaciones resultaban alarmantes.

En el Distrito Federal reino intensa actividad el 

viernes 20, ya que las tareas de rescate de atrapados en 'los 

derrumbes se habian dificultado y prolongado por la carencia 

de recursos y experiencia para atender este tipo de 

emergencias.

El desastre habia rebasado desde el jueves por la 

noche la capacidad de Mexico y en el extranjero se comenzaron 

a organizar brigadas de rescate que a temprana hora del vier­ 

nes iniciaron su arribo al aeropuerto, con personal y equipo 

especializado, asi como perros amaestrados para localizar per- 

sonas vivas en este tipo de siniestros, a cuya habilidad se 

debe que cientos de personas hayan sido localizadas bajo las 

ruinas y rescatadas.

La situacion, por la tarde del viernes 20 era 

dolorosa, pero parecia bajo control. Entonces, a las 7:38 PM 

se produjo un segundo temblor, de 7.5 grados en la escala 

Ritcher, el cual provoco no solamente panico, sino graves 

danos, porque muchos edificios que habian resultado danados el 

dia anterior terminaron por venirse abajo, se cayeron muchos 

otros que aparentemente habian resistido, pero cuyas 

estructuras estaban danadas aunque no se podria apreciar a
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simple vista como ocurrio en otros casos y la zona de desastre 

crecio hacia el sur.

Los efectos y danos de estos sismos son dificiles de 

precisar en este momento, tanto en lo economico como en el 

aspecto social. No obstante, tanto el gobierno central como 

el gobierno del Distrito Federal han tornado medidas de 

emergencia para controlar la construccion y reconstruccion de 

estructuras en las areas afectadas. Estas medidas son:

1. Adoptar codigo de construccion de emergencia.

2. Ley de expropiacion - expropiar lotes o solares en 

vecindades afectadas que no eran utilizados como vivienda por 

sus duefios sino que estan alquilados a familias de escasos 

recursos.

3. Descentralizacion - mover agencias gubernamentales 

y sus empleados a otros estados y ciudades de Mexico.

4. No permitir en las areas afectadas edificios de mas 

de cuatro niveles o pisos.

5. No permitir que se continue el crecimiento o 

desarrollo urbano en ciudad de Mexico.

6. En el Distrito Federal se ha suspendido toda obra 

y se le esta exigiendo a los proyectos que estaban en 

construccion que cumplan con el Codigo de Construccion de 

emergencia.

7. Las escuelas se van a reconstruir con los fondos 

provenientes del Fondo de Ayuda Internacional a Mexico que se 

instauro recientemente.
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8. Propiciar la salida de las industrias del area mas 

afectada.

9. Descentralizar el Sistema de Comunicaciones, ya que 

en este sismo el pais se quedo sin comunicacion con el 

exterior.

10. Establecer responsabilidad en la construccion con 

inspecciones para verificar que se construya adecuadamente.

11. Reglamento de Ocupacion para que el edificio sea 

usado conforme fue disenado.

12. Programa de Concientizacion Social incluyendo Pla­ 

nes de Rescate y Salvamento. Esto estaria a cargo de una 

Comision Civil con ciudadanos organizados en todos los secto- 

res de la capital. Este plan debera incluir red de 

comunicaciones, red de abastecimientos y red de albergues.
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RECOMENDACIONES:

El conocimiento sobre el terreno de los efectos causados 

por un terremoto en las estructuras y en la vida comunitaria 

nos obliga a reaccionar para mitigar, reducir y si posible 

eliminar los riesgos a la propiedad, la vida y al disloque 

social. Trasladamos mentalmente un evento desastroso y lo 

ubicamos en nuestro medio ambiente para concebir el alcance 

e impacto del mismo. Tomamos en cuenta los parametros que 

son iguales o similares y anadimos los factores reductores o 

amplificadores para llegar a conclusiones y hacer 

recomendaciones practicas y realizables.

Si queremos sobrevivir como sociedad y como pueblo, 

tenemos que -tomar medidas colectivas de supervivencia a corto 

y largo plazo. Sin animo de ser unicas hacemos las 

siguientes recomendaciones:

1. Mantener una estricta observacion de los codigos 

relacionados con los desarrollos y construcciones de 

estructuras tanto en la zona urbana como en la zona rural 

especialmente en lo relative a disefio sismico.

2. Requerir provisiones especiales para el disefio y 

construccion de estructuras para usos publicos tales como 

escuelas, hospitales y oficinas gubernamentales de tal forma 

que puedan resistir un terremoto.

3. Ser rigurosos en la consideracion para aprobacion de 

ampliaciones mediante la adicion de pisos o la construccion 

de nuevas estructuras aledanas.
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4. Evitar que se utilicen los reglamentos de 

certificacion de proyectos para enmendar pianos aprobados y 

mucho menos despues de iniciado el proceso de construccion.

5. Evaluar la capacidad para resistir terremotos de las 

estructuras existentes especialmente las de uso publico.

6. No permitir los desarrollos multifamiliares en areas 

de suelos suceptibles a licuar, a menos que los mismos sean 

tratados propiamente.

7. Mantener controles efectivos sobre la inspeccion de 

proyectos de construccion especialmente los de uso publico y 

los multifamiliares de todo tipo.

8. Evaluar los sistemas de fundaciones usados en zonas 

conocidas o identificables como de alto riesgo geologico.

9. Zonificar las areas urbanas de acuerdo a la 

naturaleza de los suelos y de su potencial de capacidad ante 

un terremoto, especialmente los suelos aluviales y las arenas 

licuables.

10. Identificar las zonas escarpadas suceptibles a 

deslizamientos durante un terremoto.

11. Preparar declaracion de impacto sismico en zonas de 

alto riesgo.

12. Instrumentar las estructuras en diferentes areas 

urbanas de Puerto Rico para ganar conocimiento de cualquier 

evento sfsmico que ocurra.

13. Crear un organismo responsable de preparar y poner en 

ejecucion planes de accion en casos de ocurrir desastres.

14. Mantener al d£a todos los planes para cada situacion
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de desastre mediante la divulgacion y el ensayo de los mismos 

(simulacros) entre diferentes comunidades.

15. Reducir el potencial de riesgo de fuego como 

resultado de averias en los sistemas de energia electrica.

16. Crear un cuerpo de especialistas permanente para 

investigar y analizar todo tipo de dafio causado por un 

terremoto.

17. Desarrollar en la Universidad de Puerto Rico un 

centre de estudios geofisicos, aunque modesto pero con un 

sismologo a tiempo complete.
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EL TERREMOTO MEXICANO, DEL 19 SEPTIEMBRE DE 1985

by

Richard Krimm
Federal Emergency Management Agency 

Washington, B.C.

Aprendemos de las desgracias ajena.

Cada terremoto es como un laboratorio gue nos puede 

ensenar como mitigar y reducir los riesgos, la vulnerabili 

dad, y las consecuencias de los sismos, para proteger la vida 

y bienes de la comunidad.

El terremoto tragico gue ocurrib en Ciudad Mexico fue el 

primero gue ocurrio en una ciudad moderna altamente urbana.

Yo conozco Ciudad Mexico. Es una ciudad linda con una 

poblacibn grande y gue sige creciendo. Se estima gue hay 

diez y ocho millones de personas gue viven en Ciudad Mexico. 

Tiene los mismos problemas gue otras ciudades tienen, como 

Nueva York y Los Angeles: la contaminacibn del aire, 

demasiado trafico y una alta concentracibn de habitantes.

A causa de los terremotos gue ocurrieron antes, Ciudad 

Mexico habia promulgado un buen codigo de construccibn, y el 

gobierno de Mexico promulgb un plan de emergencia y 

rehabilitacibn en casos de desastres naturales. Este plan 

fue utilizado en desastres naturales con exito.

Pero el desastre gue los sismos del diez y nueve y 

veinte de septiembre de mil novecientos ochenta y cinco 

causaron en Ciudad Mexico fue un desastre de gran magnitud.
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El gobierno de Mexico ha estimado que diez mil personas 

murieron, doscientos sesenta y cinco edificios se 

desplomaron, setecientos setenta y cinco edificios no 

tuvieron arreglo, y siete mil edificios sufrieron danos 

menores.

El dano causado por el terremoto se ha estimado que le 

costara al gobierno de Mexico cuatro billones de dolares.

Este terremoto de Ciudad Mexico sera el terremoto 

estudiado y analizado mas que cual quier otro en la historia 

del mundo.

Los resultados de estas investigaciones nos ayudaran a 

preparar y reducir los riesgos de otros terremotos por medio 

de educacibn; elaboracibn de planes y procedimentos de 

atencibn y rehabilitacibn; y prevencion y mitigacibn de 

danos, especialmente en el diseno de edificios resistente a 

terremotos. Tambien, tenemos que aprender mucho sobre la 

busqueda y el rescate de victimas en desastres urbanos; los 

servicios medicos y de emergencia; y la reconstruccibn 

inicial.

The National Science Foundation (la Fundacibn Nacibnal 

de Ciencia) se esta gastando cuatro mi11ones de dolares para 

estudiar lo que se ha aprendido del desastre en Ciudad 

Mexico. Los resultados de estas investigaciones estaran 

disponible aproximadamente en dos anos.

Sin embargo, hay algunas lecciones obvias que podemos 

aprender ahora.
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1. Es necesario educar a la poblaci6n que vive en las

zonas de riesgos sismicos sobre que puedan hacer antes, 

durante, y despues de un terremote. Es especialmente 

importante ensenarle a los nines. Cuando estuve en 

Ciudad Mexico en diciembre, vi una escuela que fue 

destrozado durante el terremoto, y sin embargo, los 

pupitres de los estudiantes no sufrieron dano. Asi que 

si los ninos se hubiesen refugiado debajo de los 

pupitres, muchos pudieran haber sobrevivido. FEMA ha 

preparado una Guia para el Desarollo en las Escuelas de 

un Programa de Seguridad Contra los Terremotos. 

Tambien, distribuiremos un folleto titulado Preparacion 

Contra los Terremotos en Casa y en el Vecindario. 

Ambas publicaciones pueden ayudar a los ciudadanos de 

las zonas a prepararse contra los terremotos.

2. Los planes para la construcci6n de nuevos edificios en 

las zonas de terremotos tienen que ser disenados 

teniendo en cuenta la mecanica de los suelos y otras 

condiciones del emplazamiento. Recientemente, FEMA 

public6 la edici6n de 1985 de El Programa de Reduccion 

de Reisgos de Terremoto: Las Recomendaciones para el 

Desarrollo de Regulaciones Sismicos en Nuevos Edificios 

Estas disposiciones se pondran al dia en milnovecientos 

ochenta y ocho, y la investigaci6n del terremoto que 

ocurri6 en Ciudad Mexico ser£ una parte de las 

revisiones de milnovecientos ochenta y ocho.
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3. Los edificios existentes se tienen gue examinar para 

comprobar si su construccibn esta de acuerdo con los 

requisites sismicos. Muchos edificios en Ciudad Mexico 

fueron construido para el uso residencial o de oficina, 

pero despues se convirtieron para uso industrial. El 

peso de la maguinaria aumento la carga en los pisos de 

los edificios los cuales no estaban disenados para 

soportarla. Ademas, otros edificios estuvieron danados 

por el terremoto de milnovecientos cincuenta y siete y 

no se habian reparado correctamente.

4. Los problemas de busgueda y rescate urbano fue una

caracteristica notable del terremoto de Ciudad Mexico. 

Este es un tema gue merece investigaci6n detallada. 

Todas las ciudades tienen gue desarrollar pianos gue se 

traten con busgueda y rescate de personas gue se 

encuentran atrapadas en un edificio desplomado. Las 

primeras veinte y cuatro horas son criticas. Despues de 

veinte y cuatro horas, pocos sobreviven. Es necesario 

gue una ciudad tenga una agencia encargada de llevar a 

cabo el plan para la operaci6n de busgueda y rescate. 

Esta agencia tendra gue comprar eguipo apropriado, 

preparar empleados y voluntaries en las tecnicas 

corrientes de busgueda y rescate, y tener disponible los 

servicios de arguitectos e ingenieros gue pueden 

aconsejar como entrar en un edificio derrumbado.
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Se tendra que hacer nuevas investigaciones para 

determinar cual es el mejor equipo a usar en la busqueda 

y rescate. "Teams" de perros, mineros y otros especial 

istas se tendran que emplear. Se ha recomendado la 

preparaci6n de various equipos internacionales entre 

nados en la busqueda y rescate urbana para que pueden 

responder en menos de seis horas a las zonas que son 

vulnerable a terremotos y que tienen una gran poblacion 

urbana.

5. Es necesario tener un plan que responda a una emer

gencia. Debe haber una agencia responsable de ponerlo 

en vigor. Las agencias deben estar concientes de sus 

responsabllidades. Este plan se debe practicar a una 

vez al ario.

6. Un plan de rescate y rehabilitaci6n se tiene que

desarrollar antes del terremoto para que la ciudad 

pueda continuar su vida. Esto incluye una evaluacion 

de los edificios para determinar cuales se deben 

demoler y cuales se van a reparar. Removimiento de los 

restos es un gran problema. En Ciudad Mexico, se 

emplearan de nuevo materiales de construcci6n y se 

hicieron parques en el lugar que ocuparon edificios 

destruido.

Hay muchas otras lecciones que aprender del terremoto 

que ocurri6 'en Ciudad Mexico. El gobierno de Mexico manejo 

el terremoto catastrofico muy bien, pero se dieron cuenta
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que tenian que mejorar su plan para los desastres. En marzo, 

presentaron un sistema naci6nal de protecci6n civil. 

Aprendemos del proyecto mexicano que tenemos que mejorar 

nuestros pianos en el caso de desastres naturales antes del 

pr6ximo terremoto grande. Toma tiempo para desarrollar un 

buen plan. Pero hace muchos anos Cervantes escribi6 "No se 

gano Zamora en una nora."

Toma tiempo para mitigar las consequencias de los 

terremotos, salvaguardar las vidas y bienes de nuestros 

ciudadanos, sin embago, la satisfacci6n es grande y es 

nuestra obligaci6n.

Muchas gracias.
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EARTHQUAKE RESPONSE OF STRUCTURES

Samuel I. Diaz Hernandez
Structural Consultant 

Rio Piedras, Puerto Rico

The extent of damage exhibited by a considerable number of structures located 
at specific sections of Mexico City has been closely related to the unusual inten­ 
sity and frequency characteristics of the rocks motions arriving at the City and 
to the filtering effect produced by the deeply seated, compressible soils present 
under the affected sites.

The Mexico earthquake of September 19, 1985 originated at a thrust fault 
existing at the boundary of the Cocos and the North America tectonic plates, in 
the vecinity of the City of Lazaro Cardenas in the Pacific Coast of Mexico. The 
magnitude of this earthquake has been estimated to be between 7.8 and 8.1; its 
epicenter some 250 miles from Mexico City. Earthquakes of-this magnitude are not 
uncommon in Mexico, having experienced some 37 earthquakes of 7 plus Richter 
magnitude in the period of 1900 to 1979. The severe seismic activity is generally 
associated with the plate boundaries located in the Pacific Coast of Mexico. This 
implies that earthquake waves usually travel considerable distances to reach Mexico 
City. As the waves move away f$om their origin, the characteristics of the ground 
motions change from high intensity and high frequency motions, characteristic of 
the near field, to low intensity and low frequency motions, characteristic of the 
far field.

The ground motions measured at the Ciudad Universitaria are representative of 
the rock or competent soil motions that reached Mexico City during this earthquake. 
One salient feature of these motions is their relatively high intensity, which was 
close to 5% G, when the direction of maximum motions is considered. This value 
is some 60% higher than the expected ground motions in competent soil or rock, 
based on previous experience in Mexico City, as reflected in the seismic require­ 
ments of the Federal District Building Code for Zone I. The City of Mexico is 
divided into 3 zones; Zone I represents the hard, competent soils, Zone III the 
deep compressible soil deposits and Zone II is a transition zone between the two.

Another important aspect of the rock or competent soil motions was the consider­ 
ably long duration of the intense portion, which lasted more than 60 seconds. 
Another relevant characteristic, of interest to the discussion which follows, was 
the predominant period of the intense motions, which was close to 2 seconds.

Earthquake motions rising from the bottom rock through the deep, compressible 
deposits were subjected to a filtering effect which is considered to be a function 
of the depth of the compressible deposits, the compressive soil characteristics and 
the base rock geometry. When the above factors combined to produce a fundamental 
period of the soil deposit similar to the fundamental period of the incoming rock 
motions, i.e., 2 seconds, a significantly amplified motion was experienced at the 
soil surface. Furthermore, the amplified motion, as expected, had a predominant 
period close to 2 seconds. Maximum ground motions close to 0.20 G were measured 
at the ground surface at the Secretaria de Comunicaciones buildino (these motions 
are considered representative of motions experienced in zones of high damage), i.e., 
some 400 percent higher than the base rock estimated maximum motions. But the 
most critical feature of these motions, as will be seen later, is that due to their 
frequency content, most of the destructive energy of the earthquake was concentrated 
in a narrow band of frequencies (or periods).
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Figure 1 compares an estimated response spectrum for rock or competent soil, 
for the subject earthquake using the criteria of Newmark-Hall (1), with the elastic 
design spectrum stipulated by the Mexican Federal District Building Code for this 
type of soil. It was not possible at the time of the visit to Mexico to obtain a 
response spectrum representative of this condition, thus it was resorted to the 
Newmark-Hall approach. Based on the comparison of the two curves, the response 
spectrum for this condition seems to have been within the bounds of the Code 
spectrum for this Zone I.

This was not the case, however, when the response spectrum obtained at the 
Secretaria de Comunicaciones for 5 percent damping was compared with the elastic 
response spectrum stipulated for Zone III (compressible soil deposits) of the 
Mexican Code. As may be seen in figure 2, due to energy concentration in the 
vicinity of 2 seconds, the response spectrum reaches extreme-values, considerably 
higher than the elastic design spectrum established in the Code. The worst condi­ 
tion is reached at periods of 2 seconds, where the value of 1.0 G obtained is about 
4 times higher than the elastic design spectrum value of the Code. The translatio- 
nal ductility requirements (Q) for frames and shear walls of different periods, under 
this response spectrum, are shown at the bottom of the figure. The elastoplastic 
design spectra established in the Code for shear walls and frames are also shown. .

It is of interest to evaluate the expected qualitative behavior of structures 
of different heights subjected to the Secretaria de Comunicaciones recorded motions. 
Consider first a reinforced concrete structure with an initial fundamental period of 
0.5 seconds (this is representative of a frame structure of approximately 5 stories 
in height). Assuming that, the structure has been designed according to the ducti­ 
lity requirements of the Mexican Code it would soon be stressed into the inelastic 
range. The inelastic action would reduce its structural stiffness, causing an 
increase in the fundamental period to a value of about 1 second using a criteria 
proposed by Sozen(2i It would also increase the damping to over 10 percent of critical, 
using the same criteria. Since the structure would still remain in the initial pla­ 
teau of the spectrum, the ductility requirements, even though higher than normally 
accepted, could, in many cases, be tolerated by adequately designed structures. The 
same argument would be valid for smaller structures.

When the initial fundamental period is increased- above 0.5 seconds, the struc­ 
tural softening resulting from inelastic action would cause the structure to move into 
the zone of considerable increase in the values of the response spectrum. The 
increase in damping is not sufficient to counteract this effect. As a result of the 
above, extremely high ductility requirements are imposed on the structure, capable 
of causing severe damage or collapse. The above behavior is valid for frame struc­ 
tures having an initial fundamental period ranging between 0.6 to 1.2 seconds. This 
is,approximately equivalent to frame structures in the range 6 to 15 stories. Struc­ 
tures with a higher initial fundamental period would soften significantly after the 
initial inelastic jerks and would increase their fundamental period to over 3 seconds* 
thereby moving away from the critical region of the spectrum. The above results are 
of importance since reports of damage for the September 19,1985 earthquake identify 
the range of 6 to 15 stories in height as that producing the highest percentage of 
severely damaged or collapsed buildings.
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ALTERNATIVAS A CAUSAS ££ PALLAS ESTRUCTURALES

Jose A. Martlnez Cruzado 
Recinto Universitario de Mayaguez 

Mayaguez, Puerto Rico

Por suerte las condiciones que coincidieron en el 

terremoto de Mexico del 19 de septiembre de 1985 no tienen 

posibi1idades de coincidir en nuestra isla, porque 

definitivamente las condiciones del subsuelo bajo Ciudad 

Mexico son bien particulares y no se asemejan a las 

condiciones del subsuelo de Puerto Rico. Ademas el tipo de 

construcci6n que se lleva a cabo en Mexico difiere mucho del 

realizado aqul ya que afortunadamente el codigo de hormig6n 

utilizado en Puerto Rico esta mejor adaptado a la realidad de 

1os sismos.

Ahora veremos como distintos tipos de fall as 

estructurales experimentadas en Ciudad Mexico pudieron haber 

sido evitadas o al menos minimizadas;

1)Fal1 as ocas ionadas por 1 a as imetrla de 1 as 

estructuras.

Esta situaci6n ocurre principalmente en estructuras 

situadas en las esquinas de las manzanas. Debido a que el 

duetto de la estructura prefiere colocar muros de corte en 1os 

1 ados que no dan a la calle y por otro 1 ado colocar columnas 

en 1os 1 ados que si dan a la calle, esto genera una gran 

excentricidad entre el centro de masa y el centro de rigidez 

de la estructura, provocando un momento que produce torsi6n a
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la estructura, el cual causara dartos detrimental es a las 

columnas. Para minimizar este efecto es precise sustituir 

algunas columnas por muros de corte y/o reducirle la rigidez a 

1 os muros de corte que no dan a la calle, Vease figura #1.

2) Fal 1 as POP cambi os drast i cos en rial dez. 

Dos ejemplos de este t i po de falla son 1 os siguientes;

A) Estructuras con columnas en el primer piso y 

muros de corte del segundo en adelante se hallan destinados a 

fallar al tener las columnas que transferir un enorme cortante 

del suelo al muro. Muros de corte deben sustituir algunas 

columnas para aliviarlas del cortante generado. Vease figura

B) Estructuras de p6rticos de hormig6n rellenos con 

mamposterla son sumamente Mgidos, sin embargo al desprenderse 

una pared de mamposteMa se pierde i nstantaneamente gran parte 

de la rigidez del piso en cuestidn conv i rt i endose este en lo 

que se conoce como un "soft story". La inercia que en esos 

momentos la estructura posee provocara al menos daflos 

s i gn i f i cat i vos al piso. Una alternativa serla el de colocar 

muros de corte en vez de paredes de mamposterla. Un muro de 

corte resiste mucho mas que una de mamposterla. Por otro lado, 

en el Recinto Un i vers i tar i o de Mayaguez se esta llevando a 

cabo una i nvest i gac i 6n a cargo de 1 os doctores Leandro 

Rodrlguez y Rafael Jimenez en la cual p6rt i cos rellenos son 

reforzados de distintas maneras y 1 uego se le aplica carga 

lateral. Con esto se determinard qu6 refuerzo es mas ef ect i vo 

para 1 os p6rt i cos rellenos. Vease figura #2b.
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3) Fal1 as por mart i11eo de estructuras advacentes. 

Estructuras adyacentes con desplazamientos laterales 

fuera de fase chocan entre si causando daflos no tan severos 

pero si innecesarios a ambas estructuras, La soluci6n para 

esto esta en reglamentar la separaci6n minima entre 

estructuras tomando en cuenta el desplazamiento lateral maximo 

que cada estructura soportara sin colapsarse, El Reglamento de 

Edificaci6n de Puerto Rico no tiene ninguna disposici6n at 

respecto. Vease figura #3.

4) Fal1 as ocas i onadas por columnas cortas. 

Este tipo de falla ocurre porque a veces las columnas son 

disefladas sin arriostramiento lateral y 1uego se colocan 

paredes de mamposterla a media altura. Esta situaci6n genera 

un cortante adicional en la columna a la altura de la pared, 

lo cual requiere mayor refuerzo, Una mejor pi anificaci6n serla 

suficiente para evitar tal problema. El diseflador debe tener 

conocimiento previo de las paredes de mamposterla que se han 

de construir y su altura, cualquier alteraci6n posterior debe 

ser consultada con el diseflador. Vease figura #4.

5) Desprend imi ento de 1 as columnas del s i sterna de 

pi so.

Estos desprendimientos fueron ocasionados por;

A) Un si sterna de pisos sumamente pesado y Mgido. 

La construcci6n mexicana no sigue la Hnea de pensamiento del 

ACI-83 de columna fuerte - viga debil, sino la inversa.

B) Pobre agarre entre las varillas y el hormig6n. 

Era comOn encontrar columnas con tres tipos de varillas
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d i ferentes.

C) Pobre largo de desarrollo de las vanillas. 
(Especulado)

6) Fal1 as POP pobre conf i nami ento en 1 as columnas.

En el edificio "Corona" habla columnas de 14" x 18" con 

aros #3 y separaci6n de 10" en la parte inferior de la 

columna. En el Hotel Regis columnas de 18" x 24" (estimado) 

poselan aros 1 isos de (1/4)" con un espaciado de 14" y varilla 

longitudinal #6. El ACI-83 requiere en la parte inferior y 

superior de la columna aros #3 con un espaciado maximo de 4", 

y en el centro de 16 veces el diametro de la varilla 

longitudinal o 48 veces el diametro de la varilla transversal, 

lo cual requerirla un espaciado en el centro de la columna del 

Hotel Regis no mayor de 12". Vease figura #5.

A6n considerando que el subsuelo de Ciudad Mexico no 

puede alterarse, muchas desgracias pudieron haber sido 

evitadas con una mejor pi anificaci6n, disefio y construcci6n de 

estructuras, sobre lo cual en Puerto Rico estamos en terminos 

generates mejor preparados, aunque podMamos estar mucho 

mejor.
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GROUND SHAKING HAZARD AND VULNERABILITY OF STRUCTURES 

RAFAEL JIMENEZ-PEREZ, Ph.D.

ASSOCIATE PROFESSOR 

DEPARTMENT OF CIVIL ENGINEERING

UNIVERSITY OF PUERTO RICO 

MAYAGUEZ, PUERTO RICO, 00708

INTRODUCTION:

The energy released during an earthquake, accumulated from 

the relative movements experienced at the plate boundaries, is 

propagated through the rock and soil mass by various waves that 

induce a vibratory motion at the ground surface. The motion 

experienced at a given point at the surface, usually described in 

terms of its displacement, velocity or acceleration, activate the 

inertial properties of the structures and are essential to predict 

the response of the building to the expected earthquake. The 

damage experienced by the structure is a function of its capacity 

to deform in the inelastic range as a mean to dissipate the energy 

induced by the ground motions. Thus, the assessment of the impact 

of a given earthquake requires a knowledge of both the ground 

intensity motions expected at the zone considered, as well as the 

capacity to experience significant lateral deformations of the 

structural systems most commonly used.

The following sections of this summary express the author's 

ideas as to what activities must be definitively pursued by the
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government agencies in Puerto Rico to estimate the impact of a 

strong earthquake that can lead to the implementation of effective 

loss reduction measures. 

GROUND SHAKING HAZARD:

Various attempts have been made to determine the ground 

shaking hazard expected in various areas of Puerto Rico from a 

strong earthquake without having obtained a consensus on the 

pertinent parameters. The inability of these studies to reach 

conclusive information can be attributed partially to the lack of 

a complete historic data base from where statistical information 

can be used to calibrate appropiate probabilistic models. These 

models are needed to determine the seismic risk and the 

significant ground motion parameters expected in a strong 

earthquake to establish mitigation and contingency plans. The 

problem is aggravated by the lack of adequate instrumentation to 

monitor the seismic activity of the tectonic features nearby the 

island and by the inability to analyze the data compiled by the 

Puerto Rico Micro Seismic Network to determine the location, 

distribution, and attenuation relations observed for the recorded 

act i v i ty.

The resources must be obtained and channeled to complete the 

historic data base for earthquake activity and documented damages 

from the historic archives available in Puerto Rico and elsewhere. 

This program should be followed by probabilistic analysis of the 

completed data base to determine the seismic risk distribution for
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Puerto Rico. Once the estimates of expected ground motion 

parameters are developed, the vulnerability studies of the major 

metropolitan areas should be conducted to assess the estimated 

damages to the physical inventory and the associated economic 

losses. Suggested procedures to estimate the damages to existing 

buildings will be discussed in the next section on vulnerability 

of structures.

At this point we must recognize that there is no government 

agency capable of facing this task by itself, specially with the 

scant economic and personnel resources assigned to earthquake 

mitigation. The logical unit to develop such a research and 

development program will be a Center for Seismic Research that is 

associated with the Department of Geology and Civil Engineering of 

the University of Puerto Rico. This unit will be responsible for 

grouping the required professionals, and of the acquisition and 

installation of the equipment neccesary, to determine the seismic 

risk of Puerto Rico. An adequate budget should be provided by the 

government for the operation of the center basic needs, but it 

should be observed that the center can also obtain research funds 

from external sources.
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VULNERABILITY OF STRUCTURES:

The vulnerability of the structures constructed in a given 

zone is required to determine the extent and magnitude of the 

damages induced by the expected earthquake. This analysis can 

also serve as an indirect measure of the safety threat imposed by 

the seismic event so that an estimate of the required resources 

for emergency and treatment facilities can be outlined. In Puerto 

Rico, only the Vulnerability Study for the Metropolitan Area of 

San Juan, prepared by Dr. Jose Molinelli for the Department of 

Natural Resources has attempted to predict the extent of damages 

induced by an assumed earthquake of Magnitude 8 located 120 km 

north of San Juan. In this study, the estimates of damages were 

obtained from fragility curves expressed as a function of the 

expected Modified Mercalli intensity. This first attempt, 

however, does not consider the typical construction methods used 

in Puerto Rico, and it is recommended that the methodology be 

substantially revised prior to the implementation of the study 

cone 1 us ions.

An attractive alternative to estimate the vulnerability of 

structures to a given earthquake is the Rapid Seismic Analysis 

procedure where the damage to a given structure is assessed from 

the relations between the site spectral acceleration and the 

structure's capacity for the adequate period and damping values. 

Damage is assumed to occur in a given building once the structure 

exceeds its yield strength and reaches 100 7. when the structure
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reaches its ultimate strength. If the earthquake demands exceeds 

the structure yield strength, then a damage estimate can be 

proportionally established with this procedure. The procedure can 

be applied to typical construction methods and structural system 

used in Puerto Rico to determine the expected damage induced by a 

given seismic event. Based on the spatial distribution of the 

physical inventory obtained for a given zone, the total damage 

experienced at a given site can then be calculated.

The analytical estimates of damage can be correlated with 

strength tests of ultimate load capacities of typical construction 

systems in Puerto Rico. The criteria developed with this 

procedure can then be employed in the areas where the seismic 

vulnerability is to be evaluated once the distribution of 

structural systems is known.

CONCLUDING REMARKS:

The contingency and mitigations plans required to manage the 

impact of a destructive earthquake can not be adequately developed 

and implemented unless the ground shaking parameters induced by 

the earthquake are known, and the vulnerability of the existing 

structures is assessed. Various ideas have been proposed in this 

summary to obtain the necessary information on ground shaking 

hazards and vulnerability of structures. A definitive and 

concerted effort is required from the government to allocate the
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funds and resources required to achieve the outlined objectives 

Otherwise, the impact of a significant earthquake will be 

devastating to the economic and social structure of Puerto Rico
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SITE AMPLIFICATION AN IMPORTANT CONSIDERATION IN THE 
VULNERABILITY ANALYSES FOR PUERTO RICO

by

Walter W. Hays
U.S. Geological Survey

Res ton, Virginia

ABSTRACT

When analyzing the patterns of damage in an earthquake, physical 
parameters of the total earthquake-site-structure system are correlated with 
the damage. Soil-structure interaction, the cause of damage in many 
earthquakes, involves the frequency-dependent'response of both the soil-rock 
column and the structure. The response of the soil-rock column (called site 
amplification) is controversial because soil has strain-dependent properties 
that affect the way the soil column filters the input body and surface seismic 
waves, modifying the amplitude and phase spectra and the duration of the 
surface ground motion.

INTRODUCTION

The 19 September 1985 Mexico earthquake reminded earthquake engineers 
that two frequency-dependent phenomena, site response and structural response, 
are very important considerations in earthquake-resistant design. The Mexico 
earthquake reemphasized these facts:

1. The damage to a structure at a site in an earthquake is complexly related 
to the dynamic frequency-dependent properties of the earthquake source, 
wave propagation path, and the soil-rock column underlying the structure 
(Fig. 1). The physical parameters of the total earthquake-site-structure 
system that contribute most to the potential for damage are those 
parameters which cause the soil-rock column and the structure to vibrate 
with the same period (1).

2. The ground motion recorded in an earthquake at a free-field location is 
the best dynamic representation of how the ground moved its time 
histories of acceleration, velocity, and displacement, spectral 
composition, level of dynamic strain, and duration of shaking. Physical 
parameters of the source, propagation path, and soil-rock column 
contribute distinctive frequency-dependent signatures to the ground 
motion. For example: a) source-increasing the magnitude increases the 
amplitudes at all periods, enhancing the long periods most, b) propagation 
path-the path acts like a low-pass filter, attenuating the amplitude of 
the short periods more rapidly than those of the long periods, and c) 
site-the soil-rock column acts like a filter, increasing the amplitudes of 
the surface ground motion in a narrow period band (2,3).

281



Systmn Response Prediction
Ground Motion Prediction

EJUmHWMl 
OttUIEMCE

S88ICE 
EFFECTS PUTS EFFECTS SITE EFFECTS m FAlUItt SDll-STnCTUIE 

INTE1UT10I
STRUCTURAL 

RESPONSE 
I DAMAGE

Earthquake Risk Assessment
System Design Applications

Figure 1. Schematic illustration of the earthquake-site-structure system.
The amplitude, spectral composition, and duration of the ground motion at 
a free-field location are directly related to physical parameters of the 
source, propagation path, and the soil-rock column underlying the site.

3. The level of dynamic shear strain and its effects on soil properties are 
the most controversial aspects of site response. The level of strain 
induced in the soil column by the ground motion increases as the magnitude 
increases and decreases as the distance from the center of energy release 
increases*

4. The response of the soil-rock column depends strongly on the strain- 
dependent properties of the soil. Depending of the level of dynamic shear 
strain and the contrast in physical properties of the soil and rock, the 
soil acts either as an energy transmitter or an energy dissipator. As an 
energy transmitter, the soil column acts like a filter, modifying the 
amplitude and phase spectra of the incident body and surface seismic waves 
(3) and increasing the duration of shaking (4). As an energy dissipator, 
the soil column damps the earthquake ground motion, transmitting part of 
the vibrational energy of both the soil column and the structure back into 
the earth and permitting: vertical movement, rocking, and side-to-side 
movement of the structure on its base (5).

5. Site amplification, the frequency-and strain-dependent response of the 
soil-rock column to body and surface seismic waves, increases the surface 
ground motion in a narrow period band that is related to the thickness, 
physical properties, and geometry of the soil column. The site transfer 
function (Fig. 2) is a way to categorize the dominant spectral response in 
terms of the period band where it occurs: a) short period (0.05 - 0.5 
second, b) intermediate period (0.5-3.3 seconds), and c) long period (3.3 
- 10 seconds).The dominant spectral response for a site underlain by 
soil has been as much as 1,000 percent greater than the response for a 
site underlain by rock; whereas, the level of peak acceleration has been 
only as much as 250 percent greater (6,7), and in some cases less.

6. The site transfer function depends on many physical parameters, including: 
level of dynamic shear strain, shear wave velocity, density, material 
damping, thickness, water content, surface and subsurface geometry of the 
soil-rock column, and the types of seismic waves that excite the soil-rock 
column their wave lenghts and direction of vibration.

7. The response of the structure can also be increased or decreased,
depending on the type of structure, its natural period of vibration, the 
lateral and vertical dimensions and physical properties of the soil-rock
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Figure 2. Schematic illustration showing how a site transfer function is 
derived. Transfer functions can also be derived for two adjacent soil- 
rock columns, the procedure used for cited in this paper.

column, and the wave lengths and properties of the incident seismic 
waves. The worst case is when the fundamental natural period of vibration 
of the structure is the same as that of the soil-rock column, creating a 
condition of resonance (Fig. 3).

SITE AND BUILDING PERIODS

Evaluation of what will happen in an earthquake would be easier if the 
following "ideal" conditions existed:

  No soil columns. If bedrock were the propagation paths of the body 
and surface seismic waves, controversy associated with the strain-and 
frequency-dependent properties of soil columns would be minimized.

  One building type. If buildings of only one type existed (for
example, identical 10-story buildings), then the potential for soil- 
structure interaction would be greatly restricted.

These "ideal" conditions do not exist; therefore, earthquake-resistant design 
must take into account the conditions that cause site amplification of ground 
motion and damaging soil-structure interaction, This means that the wide 
range of soil columns, the types of buildings, and the physical conditions 
that cause their responses to occur at the same period must be identified.

The characteristic period of vibration T_ of a soil
S

A soil column, like a building or structure (see Fig. 3), has a natural 
period of vibration, 
column is given by the relation

(1)

is the shear wave velocity 
Soils, depending on their physical

where H is the thickness of the soil column and V 
measured at low levels of strain.
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Figure 3. Schematic illustration showing six soil-rock columns and seven
structures. Each soil column has a natural period of vibration (Tc ), and 
each structure has a natural period of vibration (T^) 
equal, the potential for severe damage exists.

When Tg anc Tb are

properties, typically have shear-wave velocities ranging from 50 m/sec to 600 
m/sec; whereas, rock-like material and rock have shear wave velocities of 765 
m/sec or greater.

Soil columns exhibit properties that are strain-dependent. Laboratory 
tests (8) have shown that as the level of dynamic shear strain increases the 
material damping increases and the modulus of shear decreases. The result is 
that T increases as the level of shear strain increases. The basic relation 
is given by

(2)

where R is an empirical factor (6) having the following values: a) 0.9 for a 
magnitude 6 earthquake producing a peak effective acceleration of 0.1 g, b) 
0.8 for a magnitude 6 earthquake producing a peak effective acceleration of 
0.2 g, c) 67 for a magnitude 7 earthquake producing a peak effective 
acceleration of 0.3-0.4 g.

The fundamental natural period of vibration 
approximately by the relation

Tb =-! 
10

of a building is given

(3)

where N is the number of stories. However, the actual natural period of a 
building can be shorter or longer, depending on the engineering design to make
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the building stiffer or more flexible. Observations from postearthquake 
investigations have shown that TV lengthens as the thresholds of various 
states of damage are reached. In an earthquake, the "worst" case for damage, 
is when the value of Tg coincides with T^.

TECHNICAL CONSIDERATIONS IN THE EVALUATION OF SITE AMPLIFICATION

Evaluation of site amplification requires careful consideration of each 
of the topics discussed below. Limitations on space allow only a few of the 
pertinent references to be cited.

1. Level of dynamic shear strain and the dynamic physical properties of the 
soil column Careful judgment must be used when assessing the level of 
dynamic shear strain and its effects on the physical properties of the 
soil column. One of the sources of controversy comes from the fact that 
laboratory measurements have demonstrated that soils have shear modulii 
and damping characteristics that depend on the level of strain, suggesting 
that, under certain conditions, nonlinearities and inelasticities in the 
soil will attenuate rather than amplify the peak amplitudes of surface 
ground motions observed at sites underlain by soil. However, empirical 
ground-motion data representing the high levels of strain produced in the 
laboratory have not been duplicated by actual strong motion records in 
past earthquakes. For example, the greatest value of peak ground velocity 
recorded in the 1971 San Fernando and 1979 Imperial Valley earthquakes is 
110 cm/sec. Using the empirical rule that

Strain - peak velocity recorded at the site ,^\ 

shear wave velocity of the soil column at the site

the conclusion is that the greatest level of strain induced in soil 
columns by past earthquakes has been only about 0.5 percent.

Some researchers (for example, 9, 10) have shown that site response is 
essentially linear up to strain levels of about 0.5 percent for some soil- 
rock columns and that the epicentral distance to the strain level of 0.5 
percent is only a few km (about 1 mi) if the shear wave velocity of the 
soil column is assumed to be 200 m/sec.

Selection of the dynamic properties of the soil is especially complicated 
below depths of 30 m (100 ft). For the deeper zone, the average shear 
wave velocity (Vg ) can be estimated fairly accurately from values of the 
compressional wave velocity (Vp ) determined from seismic reflection or 
refraction surveys or from measurments in boreholes, using a value of 0.4 
to 0.45 for Poisson's ratio.

2. Thickness of the soil column Two different points of view have been used 
to select the thickness of the soil column. One view (6) considers that 
the soil column can be terminated without appreciable error when material 
having a shear wave velocity of about 765 m/sec is reached. The other 
view (11) considers that the soil column can be terminated without 
appreciable error only when bedrock having a compressional wave velocity 
of at least 3,600 m/sec (12,000 ft/sec) is reached. In the first case, 
surface motions are assumed to be affected mainly by a short soil column,
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frequently about 30 m (100 ft) thick; whereas, in the second case, rock 
motions are assumed to be affected by a much thicker soil column.

3. Near field Analyses of near-field (that is, locations within 15 km (9 mi) 
of the source) strong-ground-motion data have been made by a number of 
investigators (for example, 6, 12, 14). For the near field, these 
analyses indicate that:

  Separation of the frequency-dependent effects of the source from the 
effects of the soil-rock column is very difficult, because the source 
effects tend to dominate the path and site effects. The directivity 
of the source appears to cause most of the large variability in the 
values of peak ground accelerations, peak ground velocity, peak ground 
displacement, and spectral velocity. (13).

  A "killer pulse" (14), a pulse of approximately 1 second duration that 
typically does not have the greatest amplitude but which has the 
greatest kinetic energy, is generated in some cases in the near field 
as a consequence of the "fling" of the fault. Breakout and stopping 
phases related to the fault rupture can also be present in the near- 
field ground motion.

4. Rock Motions Specification of the ground motions developed in rock by the 
earthquake source is one of the most difficult task in the analysis of 
site amplification. The characteristics of surface ground motion depend 
on the details of the geology of the propagation path, which are usually 
imprecise. Therefore, analytical calculations must be augmented with a 
suite of strong motion records acquired in past earthquakes. The ideal 
data are those for sites underlain by rock located at about the same 
distance from the zone of energy release and having identical geology for 
the propagation path as the site being evaluated (2).

5. Aftershock ground motion data Broadband records of the aftershock
sequence of past earthquakes can be used, but the strengths and weaknesses 
of the analysis procedure must be carefully considered. The strength is 
that aftershock records have the signature of the travel path and the 
soil-rock column, only the source parameters differ. The weakness is that 
the levels of dynamic shear strain developed in an aftershock may cause 
possible overestimation of the amplification factor and underestimation of 
the dominant period of site response (15).

6. Angle of incidence Analysts typically assume vertical incidence of the 
body waves at the base of the soil column. This assumption, if violated, 
does not introduce significant error (3).

7. Variability in the mean site transfer function Several investigators (for 
example, 2, 3) have shown that the site transfer function in the 
intermediate-and far-fields is fairly repeatable. The degree of 
repeatability of the site transfer function for.the near field and for 
conditions of strain exceeding 0.5 percent is unknown.
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EMPIRICAL DATA ON SITE AMPLIFICATION 

Worldwide

Scientists and engineers throughout the world have recognized and 
documented site amplification phenomena since the 1800 f s (7, 13, 16, 17, 18, 
19, 20, 21). Four classic examples are described below in terms of the 
spectral response relative to rock and the period band of dominant response:

1. The 1967 Caracas, Venezuela earthquake Soil-structure interaction
occurred in Caracas, 56 km (35 mi) from the epicenter of this moderate 
(magnitude 6.4) earthquake. Tall buildings (14 stories and greater) sited 
on soil columns of at least 160 m (520 ft) thickness were damaged 
severely. The dominant response occurred in the intermediate period band, 
centered around 1.2-1.6 seconds (20).

2. The 1970, Gediz, Turkey, earthquake Soil-structure interaction caused the 
collapse of a 1-story garage and paint workshop (a part of the Tofias 
automobile factory) located 225 km (135 mi) from the epicenter of this 
large (magnitude 7.0) earthquake. The cause was the similarity of the 
predominant periods of: a) the bedrock motions, b) the response of the 
120-135 m (390-440 ft) column of alluvium, and c) the response of the 
building, all of which occurred in the intermediate period band centered 
around 1.2 seconds (21).

3. The 1976 Friuli, Italy, earthquake Site amplification of a factor of 4 
occurred in the short-to-intermediate period band (0.2-0.7 seconds) for a 
site underlain by 15 m (50 ft) column of alluvium located 25 km (15 mi) 
from the epicenter. The input rock accelerations ranged from 0.1 g to 
0.53 g (19).

4. The 1985 Mexico earthquake This great (magnitude 8.1) earthquake produced 
two surprises: a) the low value of peak acceleration (0.18 g) in the 
epicentral region, and b) the high (0.18 g) value of peak acceleration in 
certain parts of Mexico City located 400 km (250 mi) from the epicenter. 
Soil-structure interaction caused extensive damage to 5-20 story buildings 
sited in the lake bed zone of Mexico City (22). The largest ground 
motions in Mexico City occurred at sites underlain by a 50-meter-thick 
column of soft lake bed deposits having a shear wave velocity of about 100 
m/sec. The dominant site response occurred at 2-seconds, an amplification 
of about a factor of 5 relative to the level of ground motion observed at 
nearby sites underlain by stiffer, rock-like material.

United States

Since the 1960 f s, many investigators have studied site amplification 
phenomena in various parts of the United States. Results obtained in each 
area are summarized below with representative references:

1. San Francisco Bay region The most significant contributors to knowledge 
of site amplitude were: the 1906 San Francisco earthquake, a) the 1957 
Daly City earthquake, and b) the extensive program of geologic and 
engineering seismology data acquisition conducted by the U.S. Geological 
Survey in the 1970's. The most significant results included:
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  Inferences in 1908 that the soil-rock column underlying a structure 
can have a significant effect on the surface ground motions and the 
damage patterns (23).

  Strong ground motion data from the 1957 Daly City earthquake that 
provided a basis for concluding that the amplitude and spectral 
composition of the ground motions varied as a direct function of the 
propagation path and the physical properties of the soil-rock column 
(16).

  Verifying that each geologic unit in the San Francisco Bay region has 
a characteristic and predictable response to low-strain seismic 
excitation (24, 25).

  Demonstrating that San Francisco Bay mud exhibits the most spectacular 
site response, amplifying the short-period energy by a factor of 10 or 
more under conditions of low-strain ground shaking. Other soil-rock 
columns also caused amplification, mostly in the short- and- 
intermediate period bands (24, 25).

2. Los Angeles Region The most significant contributors to knowledge of site 
amplification were: a) the 1971 San Fernando earthquake which produced 241 
3-component strong motion accelerograms for buildings and free-field 
locations within 75 km (45 mi) of the epicenter of a magnitude 6.4 
earthquake, b) the extensive program to monitor the aftershocks of the San 
Fernando earthquake at more than 100 locations, and c) the comprehensive 
program of data acquisition conducted by the U.S. Geological Survey in the 
1970*s and 1980's. Important results included:

  Similar site transfer functions derived from ground motion data 
recorded from the mainshock, selected aftershocks, and nuclear 
explosions even though the levels of rock accelerations and strain 
varied markedly (10, 18).

  Amplification of short-period seismic energy along the boundary of the 
San Fernando valley, a zone of damage (Hays, 1977), and in Glendale 
(26).

  Amplification of the long period surface waves by the thick alluvium 
in the Los Angeles basin (27).

  Amplification of the ground motion by some topographic highs (28).

  Amplification occurring at soil sites in the Long Beach and Los
Angeles areas (18). The short-, intermediate-, and long-period bands 
were enhanced by factors ranging from 2 to 5.

3. Nevada The Ground Motion and Structural Response program of the U.S.
Atomic Energy Commission, conducted in the 1960's'and 1970's, was the main 
contributor to knowledge of site amplification. More than 3000 strong 
motion records were obtained at locations such as Tonopah, Las Vegas, and 
Beatty where the regional geology and the soil-rock columns were fairly 
well known. The most significant results included:
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  Documentation of the similarities of the strong ground motion records 
of earthquake and nuclear explosions within a few hundred miles of the 
source (2,4).

  Acquisition of site amplification data at locations having a wide 
range of soil-rock columns (3) experiencing levels of strain ranging 
from 0.001 to 0.5 percent (10).

  Demonstration of classic short-period body-wave amplification in 
Tonopah where the soil amplification factor was 7 (3).

  Demonstration of classic intermediate-to-long-period surface-wave
amplification in Las Vegas where the soil amplification factor was 10 
(29).

  Demonstration of short-period site amplification as a function of
depth at Beatty where the rock motion were reduced by a factor of 4 at
periods equal to T (30).s

4. Seattle, Washington Ihnen and Hadley (31) modeled the strong ground 
motion of the 1965 Seattle earthquake using a ray tracing technique. 
Their results indicated that the thick, soft soil deposits of the Duwamish 
River caused short-to-intermediate period site amplification of a factor 
of about 5 in western Seattle, the area sustaining the greatest damage in 
1965.

5. Wasatch Front, area, Utah The extensive program of data acquisition
conducted by the U.S. Geological Survey in 1970's and 1980's provided the 
main knowledge of site amplification along the Wasatch front. Salt Lake 
City, Ogden, and Provo are adjacent to the 370-km-long (222 mi) Wasatch 
fault zone. These cities are founded on several soil deposits, ranging 
from coarse gravels and sands to fine grained silts and clays, deposited 
as lakes filled the Great Salt Lake basin in the Pleistocene epoch. 
Important results included:

  For distances of about 30 km (18 mi) from the Wasatch fault zone in 
Salt Lake City, Ogden, and Provo, site amplification increases as 
distance from the fault increases. Site response of as much as a 
factor of 10 (relative to rock on the Wasatch front) occurs at sites 
in the center of the valleys underlain by a thick column of soft, 
water-saturated silts and clays. The dominant period of response 
occurs in the intermediate-period band, centered around 1 second. 
Site response is less about a factor of 2 in the intermediate-period 
band for sites underlain by coarse gravels and sands close to the 
fault zone (9, 32).

6. Eastern United States The soil-rock columns in many parts of the Eastern 
United States (for example, Memphis, St. Louis, Boston) have physical 
properties that will cause site amplification in an earthquake. Further 
research is needed to quantify the potential for damage.
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SUMMARY AND CONCLUSIONS

On the basis of empirical data from past earthquakes, buildings located 
on soil deposits may be susceptible to damage from earthquake ground shaking 
if the soil-rock column has the physical properties required to amplify the 
ground motion. The damage to a building can be severe when the dominant 
periods of the site response and the building response coincide. Urban 
development should: a) identify locations having the potential for soil- 
structure interaction, and b) ensure that earthquake-resistant design criteria 
are adequate to withstand the forces that can be generated by this 
phenomenon* Evaluation of site amplification effects is an important part of 
the overall assessment of risk in an urban area. Although some uncertainty 
and controversy exist, a number of urban areas in the United States appear to 
have soil-rock columns that will amplify earthquake ground motions.
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DUCTILITY VS. VULNERABILITY IN MAJOR EARTHQUAKES

by
Bernardo Deschapelles 

Consultant Structural Engineer

A mechanical interpretation of Nature was developed by Newton 

by means of his celebrated equations based on the concepts of 

mass, force and acceleration. Later on, Lagrange reformulated 

the study of motion in terms of energy, giving an alternate so­ 

lution to the same problem. Although both approaches lead to 

the same results, there is a difference in the meaning of the 

primary unknown.

Present Building Codes reduce vulnerability in seismic events 

specifying some floor horizontal forces which the structure must 

be able to resist. We must recognize that this approach is New­ 

tonian rather than Lagrangian. A historical reason for this 

condition could be offered stating that resistance of struc­ 

tures to wind pressures received attention in all Building Codes 

before considerations related to seismic vulnerability. Accord­ 

ingly, when scientific methodology was applied to the earthquake 

problem it was only natural to think of seismic effects in terms 

of lateral loads similar to the ones caused by the wind forces. 

In fact,forty years ago the writer heard a Cuban professor of 

structural design stating that if a building could resist a wind 

pressure of 20 psf it had enough strength to withstand earthquake 

motions in the vicinity of the mountain range known as Sierra 

Maestra! '

More recently, it is usual to hear structural engineers say 

that wind action governs the design of a building because the 

Code wind forces are larger than those predicted for seismic events 

in accordance with the same Code. This association of ideas in 

relation with the wind and seismic effects on a building is quite 

unfortunate because the advantage of simplicity is more than off­ 

set by a misleading appreciation of what a structure really needs 

to withstand strong earthquake motions. Differences between hurri­ 

canes and seismic events should be stressed, specially in Puerto
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Rico where both types of natural disasters may occur.

The wind pressures on a building facade develop forces that cause 

displacements which can be studied using simple theories of Stat­ 

ics and material elastic behavior. In seismic events the causal­ 

ity is exactly reversed because displacements are imposed upon 

the base of the structure and forces arise due to the accelerated 

motion of the building masses.

Moreover, forces developed by a hurricane can be predicted with 

reasonable accuracy and the values established by a Building Code 

can be regarded as a satisfactory representation of what really 

happens when such event occurs. However, an elasto-dynamic ana­ 

lysis of a structure subject to strong earthquake motions reveals 

inertia forces that are multiples of the seismic lateral loads 

specified by the Code. It is clear that such structure cannot 

resist the calculated elastic inertia forces if its design fol­ 

lows the Code. It can survive the event if and only if its mate­ 

rials do not behave elastically because the study of structural 

elasto-plastic behavior shows that the response of a structure 

in terms of acceleration is greatly reduced when it can undergo 

large inelastic deformations. Therefore, for strong seismic mo­ 

tions the forces specified in a Code are those corresponding to 

a structure in which ultimate strength has been reached in various 

parts and in which plastic deformations have been developed in 

such parts without a substantial decrease of the ultimate strength 

In other words, in major earthquakes the structure must have 

shown its ductile capacity before the factored Code forces are in 

action. Present Codes are rather confusing in their approach to 

the seismic problem because the specified horizontal forces are 

supposedly service loads to which the designer must apply a cer­ 

tain factor in order to define the ultimate strength required. 

It is obvious that these forces represent a misleading carica­ 

ture of reality if they are considered in the same context of the 

Code wind loads.

It is advisable, therefore, to think of building seismic vulner-
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ability in terms of a Lagrangian approach. What a structure really 

needs is energy absorption capacity rather than lateral load resist­ 

ance because motion rather than force is the nature of the exci­ 

tation imposed on the building. Since energy is related to the 

product of force times displacement, we may certainly combine these 

two parameters in different ways but we must always end up with 

the same invariant that measures the energy input caused by the 

soil motion in the building foundations. We can use large forces 

requiring small displacements or reduced loads associated with 

large plastic deformations. The latter criterion is the one im­ 

plicitly used in Code regulations. Therefore, the structural de­ 

signer must pay equal attention to ultimate strength and to duc­ 

tile behavior capability.

Ductility considerations are particularly important in the case 

of reinforced concrete, widely used in Puerto Rican construction, 

because this material is not ductile per se. When subject to uni- 

axial compression, concrete reaches its ultimate strength follow­ 

ing a parabolic stress-strain relationship, that is, its modulus 

of elasticity continually decreases attaining a zero value at its 

maximum strength. This is not so important as what happens to 

this material when it cannot mobilize further strength and yet is 

forced to develop larger strains to accommodate plastic deforma­ 

tions in critical sections of the structure. It actually exhibits 

a negative modulus of elasticity which means that it tolerates 

further strains at the expense of strength reduction. Such con­ 

dition jeopardizes the energy absorption capacity of the material. 

Fortunately, we may modify concrete behavior past its compressive 

strain at ultimate strength if we use confining reinforcement to 

restrain the lateral strains associated with the bulging of the 

material. In other words, we can produce a different material, 

confined reinforced concrete, improved in the sense that it has 

a higher capacity for development of large strains without a sub­ 

stantial decrease in maximum strength. Reinforced concrete build­ 

ings lacking confinement where is needed are extremely vulnerable 

to major earthquakes. Absence of adequate steel hoops is a
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recurrent feature in the photographs of reinforced concrete 

columns failed during seismic events.

Unfortunately, it is not possible to develop ductile behavior 

when the concrete stresses are of shear rather than compressive 

nature. Accordingly, a shear failure must be considered as pre­ 

mature and must be avoided at all cost. When a major earthquake 

forces any reinforced concrete structural member to mobilize its 

maximum strength, this strength must be reasonably sustained in 

spite of the large strains related to what is called an incur­ 

sion in plastic behavior. Since such incursion can exist in 

terms of bending moments but not in relation with shear forces, 

the web reinforcement of the element must be adequate to promote 

the formation of flexural plastic hinges prior to any shear fail­ 

ure of brittle nature. The application of this simple rule is 

often neglected, specially in the case of school buildings where 

the window sill is high and the supposedly non-structural block 

walls considerably reduce the span between the possible plastic 

hinges related to the column flexure induced by horizontal forces. 

Figure A illustrates how the presence of. the block walls modifies 

the flexural pattern of the column. Ironically, a larger amount 

of column vertical reinforcement is actually detrimental in the 

problem under consideration because it tends to insure the pre­ 

mature shear failure.

Another type of failure hopelessly lacking ductility is the one 

associated with bond stresses. If rebars are not adequately an­ 

chored past the region where a plastic hinge is expected to occur, 

no guarantee exists that the reinforcement will reach its yield 

stress, let alone that it will develop large plastic strains to ac­ 

commodate a substantial increase in curvature.

Once again, a given amount of input energy may be negotiated with 

large forces acting through small displacements or the other way 

around, with small forces related to large displacements. Code 

regulations are inclined to the latter possibility in a-rather
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implicit way. Specifically, the present Puerto Rican Building 

Code does not include recommendations that insure a reduced 

seismic response compatible with a plastic behavior of the 

structure under the action of major earthquakes. Although a 

revised version has been proposed about two years ago it has not 

yet been implemented. This is a most unfortunate situation and 

we can only hope that future soil motions in Puerto Rico will not 

impose a large demand of ductility on its structures.
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ASPECTOS FUNDAMENTALES DE LA GEOLOGIA Y LA SISMOLOGIA PARA LA 
MICROZONACION SISMICA EN ESPANA: UN EJEMPLO

  por    

Walter W. Hays 
U.S. Geological Survey 
Reston, Virginia 22092

LA PELIGROSIDAD SISMICA

Un terremoto es ocasionado por la liberacion abrupta, repentina de la energia 

de deformacion que se ha venido acumulando lentamente a lo largo de una fa- 

lla, una superficie o una zona de fracturacion en la corteza terreste. Cuan- 

do se rompre o fractura una falla, las ondas sismicas se propagan en todas 

direcciones desde la fuente (Figura 1). A medida que las ondas P, S, Love 

y Rayleigh inciden en la superficie de la tierra, hacen vibrar el terrene 

a frecuencias que ocilan entre unos 0,1 y 30 hertzios. Tambien hacen vibrar 

a los edificios horizontal y lateralmente como consecuencia de la amplitud, 

la composicion espectral y la duracion del temblor de tierra. Si el edificio 

no esta disefiado y construido de forma de que soporte las fuerzas dinamicas 

que acompanan a estas vibraciones, sufre danos. Las ondas de compresion 

(P) y transversales (S) ocasionan principalmente vibraciones de alta frecuen- 

cia (mayores de 1 hertzio) que son mas eficaces que las ondas de baja fre- 

cuencia en hacer vibrar a los edificios bajos. Las ondas Rayleigh y Love 

ocasionan principalmente vibraciones de baja frecuencia (menos de 1 hertzio) 

que son mas eficaces que las ondas de alta frecuencia en hacer vibrar a los 

edificios altos.

Para un disefio resistente a los terremotos se necesita evaluar los fenomenos 

primaries y secundarios que acompanan al seismo a fin de definir las fuerzas
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Figura 1.  Ilustracion esquematica de las direcciones de vibracion oca-
sionada por las ondas sismicas a traves de un cuerpo (PIS) y de super- 
ficie (Love y Rayleigh) generadas durante un terremoto. La evaluacion 
de la peligrosidad de los temblores de tierra ocasionados por estas 
ondas requiere la consideracion de los parametros fisicos de la fuente, 
la trayectoria de transmision y el emplazamiento local de registro.



que ha de resistir un edificio. Estos fenomenos, llamados peligrosidad sis- 

mica, son clasificados como temblores de tierra, ruptura por falla de super- 

ficie, cesion de tierra inducida por el terremoto (cesion por deslizamiento 

de terreno, licuefaccion, compactacion, cabeceo y cesion por sedimentacion 

o asentamiento de los cimientos), deformacion tectonica regional y (en algu- 

nas zonas costeras) tsunamis u olas ciclonicas. Cada uno de estos peligros 

puede ocasionar dafios a los edificios e instalaciones, perdidas economicas 

y perdida de vida (Figura 2). Estos peligros tambien pueden desencadenar 

incendios e inundaciones. Los temblores secundarios o cola del terremoto 

pueden durar de meses a varies anos, segun la energia liberada en el temblor 

principal y pueden reactivar cualquiera o todos estos fenomenos fisicos, 

ocasionando dafios o perdidas adicionales.

La evaluacion de la peligrosidad sismica para fines de diseno resistente 

a los terremotos es una labor compleja (Figura 3). Se necesita un grupo 

multidisciplinario de cientificos e ingenieros para realizar un amplio aba- 

nico de analisis tecnicos. Estos analisis se efectuan en tres escalas: 

a) mundial (a una escala aproximada de 1:7.500.000 o mayor), b) regional 

(a una escala aproximada de 1:250.000 o mayor) y c) local (a una escala apro­ 

ximada de 1:25.000 o menor). Los estudios mundiales propercionan un "cuadro 

extenso" de las fuerzas tectonicas que entran en juego. Los estudios regio- 

nales proporcionan los parametros fisicos requeridos para definir el poten- 

cial sismico de una region. Los estudios locales definen los parametros 

fisicos dominantes que controlan las caracteristicas del peligro para lugares 

especificos. Todos estos estudios tratan de dar contestacion a las siguien- 

tes preguntas tecnicas:
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Figura 2.  Ilustracion esquematica de los peligros primaries y secun- 
darios ocasionados por un terremoto. Cada peligro puede conducir a 
danos y perdidas. La meta de la ingenieria sismica es mitigar el^dano 
y perdida ocasionados por estos peligros mediante un diseiio pragmatico, 
resistente a los terremotos.
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MATRIZ DE PELIGROSIDAD SIS- 
MICA PARA UNA COMUNIDAD

CELDA URBANA

EJECUCION 
DE LAS 
ORDENAN- i 
ZAS DE 
ZONACION

EJECUCION 
DEL CODIGO 
DE EDIFI- ' 
CACION

FALLA ESTRUCTURAL
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Figura 3.  Ilustracion esquematica de una comunidad urbana con distintos 
problemas de diseiio resistente a los terremotos. La evaluacion de los 
peligros de los temblores de tierra, falla de tierra, falla de super- 
ficie y deformacion tectonica de origen sismico es una parte importante 
del proceso que requiere aportes del geologo para poder especificar 
parametros de diseiio apropiados y resistentes a los terremotos.
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- 6DONDE ocurren ahora los terremotos? 6DONDE ocurrieron en el pasa- 

do?

6POR QUE ocurren?

6CON QUANTA FRECUENCIA ocurren terremotos de una cierta intensidad 

(magnitud)?

6QUE MAGNITUD (gravedad) han tenido los efectos fisicos en el pasa- 

do? 6QUE MAGNITUD pueden tener en el future?

- 6COMO varian los efectos fisicos espacial y temporalmente?

Las respuestas a estas preguntas se utilizan para definir los parametros 

de diseiio sismico (Figura 4). Aun cuando estas preguntas parecen simples, 

las respuestas requieren una investigacion y enjuiciamiento tecnico conside­ 

rables.

MICROZONACION SISMICA

La microzonacion sismica, la division de una region en zonas geograficas 

que se preve experimentaran la misma gravedad relativa de un peligro sismico 

(por ejemplo, temblor de tierra, ruptura por falla de superficie, cesion 

de tierra inducida por el terremoto, deformacion tectonica o inundacion por 

tsunami) es una parte importante del proceso de evaluacion de la peligrosidad 

sismica. Los mapas de microzonacion pueden utilizarse para planificar la
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Figura 4.  Ilustracion esquematica del espectro de respuesta del diseiio y 
la historia cronologica utilizada en el diseiio resistente a terremotos 
de instalaciones de importancia vital. En general, el ingeniero estruc- 
tural requiere informacion acerca de la amplitud, composicion espectral 
y duracion del temblor de tierra. El geologo proporciona informacion 
que permite especificar valores razonables de estos parametros de dise- 
no.
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construccion y el desarrollo urbano y para guiar el diseno resistente a los 

terremotos de los edificios nuevos y reforzar los edificios e instalaciones 

existentes.

La microzonacion sismica es una tarea compleja que requiere las clases si- 

guientes de estudios tecnicos:

1) Evaluacion de la peligrosidad sismica a escala regional (una escala 

cartografica de 1:100.000-1:250.000, aproximadamente). Esta parte 

de un estudio de microzonacion establece los parametros fisicos 

de la region que se requieren para evaluar los peligros sismicos 

de temblor de tierra, ruptura por falla de superficie, deformacion 

tectonica e inundacion por tsunami. Incluye las tareas tecnicas 

siguientes:

Tarea 1: Compilacion de un catalogo y mapa de sismicidad histori- 

ca.

Tarea 2; Realizacion de estudios neotectonicos (planimetria, data- 

cion absoluta y determinacion de fosas) para ampliar 

la informacion sobre periodicidad derivada de datos sobre 

sismicidad historica.

Tarea 3; Preparacion de un mapa fotogeologico.

Tarea 4; Preparacion de un mapa sismotectonico que indique la 

situacion de falias activas.



Tarea 5: Preparacion de un mapa que indique las zonas sismogenas, 

especificando la magnitud del terremoto maximo y la fre- 

cuencia de incidencia de terremotos en cada zona sismoge- 

na.

Tarea 6; Especificacion de las caracteristicas del movimiento

de tierra de campo cercano (amplitud maxima y composicion 

espectral).

Tarea 7; Especificacion de las leyes regionales para atenuacion 

de ondas sismicas, incluyendo su incertidumbre.

Tarea 8; Preparacion de mapas probabilisticos de peligrosidad

por temblores de tierra en terminos de aceleracion maxima 

de tierra, tiempos de exposicion y probabilidad de no 

superacion.

Tarea 9; Creacion de bases de datos regionales (por ejemplo, foto- 

grafia aerea, hidrogeologia, mapas de caracteristicas 

distintivas y registros de perforaciones) y documentacion 

de programas de ordenadores para analisis de los datos.

2) Evaluacion de la peligrosidad sismica a escala urbana (una escala 

cartografica de 1:5.000-1:25.000, aproximadamente). Esta parte 

del estudio de microzonacion integra los datos sismotectonicos y 

otros datos fisicos obtenidos en el estudio regional (Parte I) con



los datos especificos para emplazamientos obtenidos en la zona urba- 

na a fin de producir mapas de microzonacion sismica. Las tareas 

tecnicas principales comprenden lo siguiente:

Tarea 10: Adquisicion, sintesis e integracion de los datos geologi- 

cos, geofisicos y geotecnicos nuevos y existentes para 

caracterizar el suelo y roca en la zona urbana en termi- 

nos de sus propiedades fisicas y la respuesta prevista 

con distintos niveles de temblor de tierra.

Tarea 11: Estimacion de la funciones empiricas de transferencia 

del suelo en cada zona urbana con consideracion de la 

amplitud, frecuencia, composicion y nivel de aceleracion 

maxima del terreno.

Tarea 12: Preparacion de mapas probabilisticos de la peligrosidad 

de temblores de tierra para cada zona urbana en terminos 

de los tiempos de exposicion a la aceleracion maxima 

del terreno y la probabilidad de no superacion. Estos 

parametros pueden correlacionarse con el codigo actual 

de edificacion y los planes para el uso de la tierra.

Tarea 13: Especificacion de los factores de amplificacion dinamica 

para columnas de tierra que son tipicas de cada zona 

urbana.

Tarea 14: Preparacion de un mapa que presente el potencial de rup- 

tura por falla de superficie en cada zona urbana.
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Tarea 15: Preparacion de un mapa que indique el potencial de licue- 

faccion en cada zona urbana.

Tarea 16: Preparacion de un mapa que indique el potencial de desli- 

zamientos de terreno en cada zona urbana.

Tarea 17: Preparacion de un mapa que indique los posibles efectos 

secundarios (por ejemplo, inundaciones) en cada zona 

urbana.

Tarea 18; Preparacion de un mapa que presente, en forma resumida,

todos los peligros sismicos posibles en cada zona urbana.

Tarea 19: Evaluacion de la distribucion del dafio en terremotos 

pasados.

3) Evaluacion del uso de la tierra, codigos de edificacion. practicas 

de construccion y otras cuestiones afines Esta parte de un estudio 

de microzonacion utiliza analisis y sintesis de los datos fisicos 

(Parte I) y los mapas de microzonacion sismica elaborados para una 

zona urbana (Parte 2) a fin de producir recomendaciones especificas. 

Entre las tareas figuran las siguientes:

Tarea 20: Evaluacion del codigo actual de edificacion, identifica- 

cion de las opciones para modificacion que incorporen 

las lecciones cientificas y tecnicas aprendidas en terre­ 

motos destructives pasados.



Tarea 21; Evaluacion de practicas regionales y urbanas de uso de 

la tierra, identificando opciones para alternativas a 

practicas actuales que pudieran reducir la peligrosidad.

Tarea 22; Evaluacion de las practicas de construccion de edificios 

nuevos, especificando opciones para alternativas a prac­ 

ticas actuales que pudieran ser mas eficaces para asegu- 

rar una alta calidad.

Tarea 23: Evaluacion de las practicas actuales para reparar y re- 

forzar edificios existentes, indicando opciones para 

alternativas a practicas actuales que pudieran ser mas 

eficaces.

ZONACION DE LA PELIGROSIDAD DE TEMBLORES DE TIERRA

La zonacion de la peligrosidad sismica de temblores de tierra la division 

de una region en zonas geograficas que tienen una gravedad o respuesta rela- 

tiva analoga a los temblores de tierra ha sido una meta en Estados Unidos 

y otros paises del mundo por unos cincuenta afios. Durante este intervalo, 

se ban elaborado dos clases de mapas de peligrosidad de temblores de tierra. 

La primera clase resume la observacion de terremotos pasados y adopta la 

hipotesis de que, salvo en lo que respecta a diferencias de escala, en terre­ 

motos futures ocurriran aproximadamente los mismos efectos. La segunda clase 

incorpora conceptos probabiliticos y efectua una extrapolacion de regiones 

que ban tenido terremotos en el pasado y de regiones que tienen fuentes
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sismicas posibles. La confeccion de mapas de zonacion a escala tanto regio­ 

nal como urbana requiere una investigacion innovadora y buenos datos para 

resolver cierto numero de cuestiones tecnicas controvertidas. Se ha realiza- 

do progreso, pero queda mucho por hacer debido a que ningun mapa de zonacion 

esta totalmente libre de controversias.

Un buen mapa (o mapas) de peligrosidad por temblores de tierra presenta la 

variacion espacial y la gravedad relativa de un parametro fisico tal como 

la aceleracion o intensidad maximas. Dicho mapa divide una region en*areas 

o zonas geograficas, cada una de las cuales tiene una respuesta analoga en 

toda su extension al temblor de tierra producido por un terremoto. Una vez 

se han definido los efectos posibles del temblor de tierra para todas las 

zonas de una region, puede fonnularse una politica publica que contribuya 

a mitigar sus efectos mediante acciones apropiadas tales como: evitar deter- 

minadas zonas, planificar el uso de la tierra, adoptar disenos de ingenieria 

y distribuir las perdidas mediante el seguro (Hays, 1981).

La construccion de un mapa de zonacion de la peligrosidad de temblores de 

tierra entrana cierto numero de problemas tecnicos. La zonacion a nivel 

tanto regional como local requiere la mejor informacion posible sobre: (1) 

sismicidad, (2) la naturaleza de la zona sismogena, (3) la atenuacion de 

las ondas sismicas y (4) la respuesta del terreno.

Historia de la zonacion sismica en los Estados Unidos La confeccion de mapas 

de zonacion de la peligrosidad por temblores de tierra ha proseguido lenta- 

mente, debido principalmente a que se ha necesitado una investigacion con-



siderable para resolver la controversia acerca de las cuestiones tecnicas 

asociadas con cada mapa. La zonacion sismica en Estados Unidos tiene una 

historia de unos 50 anos. El primer mapa de zonacion de la peligrosidad 

por temblores de tierra para Estados Unidos fue preparado por Ulrich en 1948. 

Con anterioridad al mapa de Ulrich, solo se habian preparado unos cuantos 

mapas para varias ciudades y zonas geograficas. El mapa de Ulrich dividia 

a Estados Unidos contiguo en cuatro zonas numeradas de 0 a 3, con una zona 

3 considerada como la de mayor posibilidad de experimentar danos. Ese mapa 

fue adoptado en 1949 por la Conferencia Internacional de Funcionarios de 

la Edificacion para su inclusion en el Codigo Uniforme de Edificacion, y 

a pesar de algunos problemas en relacion con su interpretacion, siguio apare- 

ciendo en ediciones del Codigo Uniforme de Edificacion hasta 1970. La edi- 

cion de 1970 del Codigo Uniforme de Edificacion utilize un mapa de zonacion 

(Figura 5) formulado por Algermissen (1969) que tenia el mismo esquema de 

numeracion (zona 0 a 3) que el mapa de Ulrich. El mapa de Algermissen se 

basaba principalmente en el valor maximo de intensidad Mercalli Modificada 

observado historicamente en cada zona, pero tambien incluia cierta generali- 

zacion para tomar en cuenta fallas activas y la estructura geologica regio­ 

nal. La Conferencia Internacional de Funcionarios de Edificacion no utilizo 

la informacion sobre frecuencia de incidencia sismica que acompanaba al mapa 

de Algermissen; por tanto, las disposiciones sobre fuerzas laterales especi- 

ficadas en California tambien fueron especificadas para algunas zonas de 

la region oriental de Estados Unidos, ocasionando controversia y resisten- 

cia a su puesta en practica. Las ediciones de 1976 y 1979 del Codigo Unifor­ 

me de Edificacion contenian una version modificada del mapa de zonacion de 

1970. Determinadas porciones de la zona 3, situada principalmente en Cali-



ZOMA 0 - No produlo dafioa

ZOMA 1 - Dafioa menorea; loa terreootoa diatantea pueden oca-
siooar dano a laa eatructuraa con perlodoa fundamentalea 
mayorea de 1,0 aegundoe; correaponde a Intenaidadea 5 7 
6 de la eacala M,M *

ZOMA 2 - Dafio moderado; correaponde a la intenaidad 7 de la eacala M.M.*

ZONA 3 - Dafio importante; correaponde a la Intenaidad 8 7 mayor de la ea­ 
cala M.M.*

Bate mapa ae baao en la diatribuciSn conocida de terremotoa que prodnjeron 
dafioa 7 laa intenaidadee M.M.* aaociadaa con eaoa terrenotoa

25

Figure 5.  Zonas de peligrosidad sismica tomando como base datos historicos 
de la intensidad Mercalli Modificada y la distribucion de los terremo- 
tos que han producido daiios (Algermissen, 1969). Este mapa fue adoptado 
en la edicion de 1970 del Codigo Uniforme de Edificacion.



fornia, fueron cambiadas a una nueva zona 4 para indicar mayores posibilida- 

des de danos debido a la mayor frecuencia de incidencia sismica y a la mayor 

magnitud maxima de los terremotos en California.

En 1976, Algennissen y Perkins publicaron un mapa probabilistico de peligro- 

sidad por temblores de tierra para Estados Unidos contiguo. La escala del 

mapa fue de 1:7.500.000 o unas 123 millas por pulgada. Al contrario de mapas 

anteriores que se habian basado en un trazado de los datos de intensidad 

Mercalli Modificada (u alguna otra escala de intensidad), su mapa (Figura 

6) ilustraba la aceleracion maxima en roca que se estimaba ocurriria con 

un 90 por ciento de probabilidad de no ser superada en un periodo de 50 afios. 

Algennissen y Perkins advirtieron que los valores de la aceleracion maxima 

pueden ser mayores en lugares que tienen sedimentos subyacentes debiles o 

saturados de agua en vez de roca. El termino roca se definio como un mate­ 

rial solido expuesto a la superficie o el suelo subyacente y que tiene una 

velocidad de ondas transversales de al menos 765 m/s en deformaciones peque- 

nas (10 por ciento). El mapa de zonacion por Algermissen y Perkins fue in- 

cluido en el informe de 1978 del proyecto ATC-3 por el Consejo de Tecnologia 

Aplicada (ATC). Tambien figuraban en el informe dos nuevos mapas nacionales 

de peligrosidad por temblores de tierra, de aceleracion maxima efectiva y 

de velocidad maxima efectiva. El mapa ATC-3 de aceleracion maxima efectiva 

(Figura 5) es muy similar al mapa de aceleracion maxima de Algennissen y 

Perkins, con la excepcion de que los valores mayores de aceleracion indicados 

en el mapa ATC-3 fueron 0,4 g en California, mientras que, el mapa Alger- 

missen-Perkins presentaba valores de aceleracion de hasta 0,8 g en California 

a lo largo de la zona de falla de San Andreas. El mapa de ATC-3 no ha sido
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Numbers within closed contours are axpected maxima. 
. Maximum acceleration within the BO-percant contour 

along tha San Andreas and Garlock faults in California 
is 80-percent of g, using the attenuation curves of 
SchrtaM and Seed, 1973 500 KILOMETERS

Figura 6.  Mapa que presenta los niveles maximos de aceleracion maxima de 
tierra horizontal en emplazamientos de roca en Estados Unidos en un 
periodo de 50 anos (Algermissen y Perkins, 1976). Los valores de con- 
torno de la aceleracion tienen una probabilidad de 90 por ciento de no 
ser superados en un periodo de 50 anos.



adoptado por la Conferencia Internacional de Funcionarios de Edificacion. 

Sin embargo, el Consejo de Seguridad Sismica de la Edificacion esta evaluando 

actualmente este mapa en diseiios de ensayo-uso en la region oriental de los 

Estados Unidos.

Algermissen y sus colaboradores prepararon en 1982 nuevos mapas nacionales 

(a una escala de 1:7.500.000). Estos mapas incorporan los resultados de 

los recientes trabajos practices geologicos y perfeccionamientos en el anali- 

sis de datos efectuados desde el mapa de Algermissen y Perkins de 1976 y 

los mapas de ATC de 1978. Presentan los niveles maximos de aceleracion y 

velocidad maximas del terreno en roca, con una probabilidad del 90 por ciento 

de no ser excedidos en tiempos de exposicion de 10, 50 y 250 arios.

PROBLEMAS DE INVESTIGACION EN LA ZONACION DE LA PELIGROSIDAD DE 

TEMBLORES DE TIERRA

La microzonacion sismica entrana cierto numero de problemas complejos de 

investigacion. Estos pueden clasificarse en cuatro zonas generales, en la 

que cada zona entrana una amplia gama de cuestiones tecnicas. Las siguientes 

preguntas representativas, que generalmente no pueden contestarse con un 

simple si o no, ilustran la controversia asociada con los mapas de peligrosi- 

dad de temblores de tierra a una escala tanto regional como urbana.



1) Sismicidad

iPermitira la incertidumbre inherente en el uso de catalogos de 

terremotos instrumentalmente registrados y detectados, que repre- 

sentan un corto intervalo de tiempo y una zona regional amplia, 

especificar con exactitud la frecuencia de incidencia de terremotos 

importantes a una escala local?

iPuede determinarse con precision el ciclo sismico de sistemas de 

falla individuales y, en caso afirmativo, puede especificarse donde 

se hallan en el ciclo?

- iPuede especificarse con exactitud el emplazamiento y magnitud del 

terremoto mayor que es posible fisicamente en un sistema de falla 

dado o en una provincia sismotectonica? iPuede especificarse la 

frecuencia de este acontecimiento?

- iPueden identificarse hiatos sismicos y evaluarse con exactitud 

su potencial sismico?

iPueden reconciliarse las discrepancias entre la evidencia geologica 

para la incidencia de importantes movimientos tectonicos en el pasa- 

do geologico y la evidencia proporcionada por patrones actuales 

e historicos de sismicidad en una region geografica?



2) La naturaleza de la zona sismogena

- iPueden definirse con exactitud las zonas sismogenas sobre la base 

de la sismicidad historica? 6Sobre la base de la geologia y las 

placas tectonicas? iSobre la base de la sismicidad historica gene- 

ralizada por los datos geologicos y tectonicos? 6Que metodologia 

es la mas exacta?

- Al evaluar la peligrosidad sifpi ca por temblores de tierra para

una region, ipuede asignarse con precision la magnitud al terremoto 

mayor que se preve ocurra en un determinado periodo de tiempo en 

un sistema de falla o zona sismogena en particular?

iPueden cuantificarse e incorporarse a mapas de zonacion los efectos 

fisicos de los parametros de fuentes sismicas, tales como el descen- 

so en la tension y el momento sismico?

3) Atenuacion de las ondas sismicas

- iPueden modelizarse los detalles complejos de la ruptura de falla 

sismica (por ejemplo, las dimensiones de la ruptura, el*tipo de 

falla: velocidad de desplazamiento de falla, transposicion de fa­ 

lla) con precision suficiente para proporcionar estimaciones exactas 

de las caracteristicas de amplitud y frecuencia del movimiento de 

tierra cerca de la' falla? iLejos de la falla? LSe saturan los 

parametros de movimiento de tierra maximos a grandes magnitudes?



4) Respuesta del terreno local

- £Hay una gama discreta de valores de movimientos de tierra y niveles 

maximos de deformacion por deslizamiento dinamico de capas donde 

la respuesta del terreno (segun definida por una funcion de transfe- 

rencia del emplazamiento) es repetible y esencialmente lineal? 

6Hay una gama en la que dominan los efectos no lineales?

- iPueden modelizarse con exactitud los efectos 2-D y 3-D de propieda- 

des fisicas selectas (por ejemplo, grosor, litologia, geometria, 

contenido de agua, velocidad de las ondas transversales y densidad) 

que controlan la variacion espacial, la duracion y la amplitud y 

caracteristicas espectrales de la respuesta del terreno en una re­ 

gion geografica?

iPuede modelizarse con exactitud la variacion del movimiento de 

tierra con profundidad por debajo de la superficie?

- £Hay incertidumbre asociada con la constante de la funcion de trans- 

ferencia de un emplazamiento? £Es esta pequena?

FUNCIONES DEL GEOLOGO Y EL SISMOLOGO

El geologo y el sismologo trabajan en cooperacion con el ingeniero. Tienen 

la funcion importante de proporcionar informacion que pueda ser correlaciona- 

da con la amplitud, composicion espectral y duracion del temblor de tierra,



los tres factores mas importantes que han de incorporarse en el diseno resis- 

tente a los terremotos de un edificio o instalacion. El geologo proporciona 

informacion sobre todas las tres escalas (mundial, regional y local), estu- 

diando: 1) las placas tectonicas, 2) las falias, 3) la paleosismicidad, 

4) el potencial sismico, 5) las zonas sismogenas y 6) las caracteristicas 

especificas al emplazamiento del suelo y la columna de roca subyacente al 

eraplazamiento. Ademas de estas tareas, el sismologo proporciona informacion 

sobre: 1) las fuerzas de atenuacion de las ondas sismicas y 2) los parame- 

tros de diseno sismico. Cada tarea se describira en las secciones que apare- 

cen a continuacion:

Placas tectonicas Cada ano, se producen en el mundo varios millones de te­ 

rremotos. La mayoria de estos terremotos ocurren a lo largo de los limites 

de una docena de placas o segmentos rigidos de la corteza terrestre de 80 

km (50 millas) a 100 km (60 millas) de grosor y el manto superior que se 

desplazan lenta y continuamente sobre el interior de la tierra (Figura 7). 

Estas placas se encuentran en algunas zonas y se separan en otras, moviendose 

con una velocidad de movimiento relative entre las placas que oscila entre 

menos de 1 cm (fraccion de una pulgada) y unos 10 cm (unas 5 pulgadas) por 

ano. Aunque estas velocidades parecen bajas, pueden ascender a mas de 50 

km (30 millas) en solo un millon de anos, un intervalo corto geologicamente. 

A medida que se mueven estas placas, se acumula tension. Con el tiempo, 

las fallas a lo largo de las margenes de las placas o cerca de ellas se des­ 

plazan abruptamente y se produce un terremoto. Entonces, comienza de nuevo 

el ciclo sismico.
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Figura 7.  Mapa que presenta las placas tectonicas principales del mundo. 
La actividad sismica marca los llmites de cada placa. La linea doble 
indica una zona de propagacion de la que se alejan las placas. Las 
lineas serradas indican una zona en la que una placa se introduce por 
debajo de otra ("subduccion"). Una linea unica indica una falla de 
desplazamiento horizontal a lo largo de las cuales se deslizan las pla­ 
cas la una mas alia de la otra (recopilado y adaptado de muchas fuentes; 
muy simplificado en zona compleja).



Estudio de las f alias   El estudio de las fallas es sumamente importante para 

comprender donde son susceptibles de ocurrir terremotos, cual sera probable- 

mente su intensidad, y con que frecuencia puede esperarse que ocurran. La 

energia liberada durante los terremotos grandes hace que la falla se rompa 

a traves de una fraccion importante de su longitud. Los datos de observacion 

de terremotos historicos en todo el mundo indican que incluso un terremoto 

moderado de la magnitud 6 requiere una longitud de ruptura de falla de 5-10 

km (3-6 millas) y que los terremotos grandes, de una magnitud de 8 y mayor, 

pueden tener una longitud de ruptura de hasta 1.000 km (600 millas).

Los mayores desplazamientos de fallas horizontales y verticales observados 

en la superficie terrestre durante terremotos historicos son, respectivamen- 

te, 11,5 m (38 pies) durante el terremoto de Assam en 1897 y 9,9 m (33 pies) 

durante el terremoto de Mongolia en 1957 (Alien, 1984). Las observaciones 

geodeticas indican que han ocurrido en profundidad desplazamientos notable- 

mente mayores.

Los geologos en todo el mundo han identif icado y estudiado muchas fallas

que se extienden hasta la superficie del terreno. Los estudios de las fallas

han producido las siguientes reglas generales:

Casi todos los terremotos grandes han ocurrido en fallas ya existen- 

tes que habian tenido una historia anterior de desplazamientos sis- 

micos en el pasado geologico reciente, de ordinario, dentro de las 

ultimas decenas de miles de anos.

- Se requieren fallas largas para producir terremotos grandes.
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- Las fallas largas se producen con el alargamiento y union paulatinos 

de fallas pequenas que se rompen en terremotos de pequenos a medics 

a traves de un periodo de millones de anos. Asi pues, una falla 

larga, tal como la de San Andreas, no fue producida durante un solo 

terremoto en el pasado distante sino que, mas bien, es el resultado 

de muchos terremotos mas pequenos.

- Si puede detenninarse la frecuencia de movimientos en una falla 

durante el pasado geologico reciente, pueden hacerse estimaciones 

confiables acerca de la probabilidad de ruptura de la falla en un 

terremoto future durante un intervale de tiempo especifico.

Las investigaciones de fallas en todo el mundo han demostrado que han ocurri- 

do terremotos grandes en fallas de desplazamiento horizontal (por ejemplo, 

la falla de San Andreas) y fallas de corrimiento o inversas (por ejemplo, 

la zona de subduccion por debajo de la region meridional de Chile). Estas 

dos clases de fallas y la falla normal (por ejemplo, la falla de Wasatch 

en Utah) se presentan esquematicamente en la Figura 8. Las fallas de corri- 

miento, donde un bloque monta sobre otro bloque en un piano de falla ligera- 

mente inclinado, son mas dificiles de reconocer y evaluar en terminos de 

su actividad que las fallas de desplazamiento horizontal o normales.

Un geologo clasifica las fallas como "activas" o "inactivas", tomando como 

base el hecho de si han experimentado movimiento en un periodo de tiempo 

especifico en las ultimas decenas de miles de anos. En la Figura 9 se ilus- 

tra este tipo de clasificacion. Una falla muy activa, tal como la falla



FALLA DE DESPLAZAMIENTO HORIZONTAL

FALLA DE DESPLAZAMIENTO NORMAL

FALLA DE DESPLAZAMIENTO INVERSO

Figura 8.  Ilustracion esquematica de las falias de desplazamiento hori­ 
zontal, normal e inverso.
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MODERADA A BIEN DESARROLLADA
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MAGNITUD DEL TERREMOTO

Figura 9.  Grafica que presenta la magnitud sismica, el indice de despla- 
zamiento y la periodicidad de zonas de fallas activas en todo el mundo 
(de Slemmons, 1977).



de corrimiento que marca la zona de subduccion en la region meridional de 

Chile, tiene posibilidades de producir un terremoto de gran intensidad, como 

promedio, una vez cada 100 arios; mientras que otras falias, tales como la 

falla Oued Fodda en la region septentrional de Argelia, tienen un intervalo 

de periodicidad o tiempo de repeticion mas largo (una vez cada 450 afios) 

para generar un terremoto de gran intensidad como el terremoto de El Asnam 

en 1980 que tuvo una intensidad de 7,3. El indice de actividad de la falla 

incide en el nivel de peligrosidad; representa un importante reto para el 

geologo  determinarlo con precision.

En algunos casos, la determinacion del indice de actividad de una falla es 

muy dificil debido a que la falla no esta expuesta en la superficie. Un 

ejemplo de este caso es el terremoto ocurrido en 1886 en Charleston, Carolina 

del Sur; la falla causante de este terremoto no ha sido todavia identificada 

inequivocamente (Hays y Gori, 1983). Las investigaciones geofisicas (por 

ejemplo, la reflexion sismica) son muy importantes para identificar y eva- 

luar la actividad de las falias subterraneas, tanto en zonas costeras como 

tierra adentro.

Paleosismicidad Recientemente, los geologos han puesto a punto tecnicas 

de campo para determinar las fecha's de los terremotos prehistoricos en una 

determinada falla. Estas tecnicas entranan la determinaci6n de fosas y la 

datacion absoluta, de ordinario con el metodo de Carbono-14, de estratos 

subterraneos que datan de inmediatamente antes y despues del terremoto histo- 

rico. Estas tecnicas se denominan "paleosismicidad". El principio basico 

de la paleosismicidad es el siguiente:



- Los terremotos prehistoricos ocasionan deformacion acumulativa en 

la superficie que se manifiesta en desplazamientos estratigraficos 

y topograficos. De ahi que una fosa que tenga una profundidad de 

solo 5 m (16 pies) a lo largo de la falla de San Andreas puede pre- 

sentar deformacion debida a terremotos prehistoricos durante los 

ultimos 2.000 anos.

Las hipotesis fundamentales en la determinacion de fosas son las siguientes:

 

- Evidencia de deformaciones notables en la corteza que pueden aislar- 

se en lugares discretes de la superficie.

- Los movimientos de falla productores de terremotos duplican el pa­ 

tron de deformacion cerca de la superficie.

- Los materiales cerca de la superficie datables alrededor de una 

falla son conservados por periodos de tiempo mas largos que los 

intervalos de periodicidad de movimientos de falla importantes.

Debido a que es probable que varies terremotos prehistoricos esten represen- 

tados en una sola exposicion en una fosa, las relaciones geologicas pueden 

ser muy complejas. La determinacion optima de la fecha del terremoto re- 

quiere la datacion de los estratos mas antiguos no rotos posteriores al te­ 

rremoto y los estratos mas recientes deformados previos al terremoto.

Se han formulado pruebas geologicas utiles para la paleosismicidad partiendc 

de la evidencia estratigrafica y geomorfica dentro de zonas de fallas activas



en la region oeste de los Estados Unidos (Sieh, 1978; Schwartz y Coppersmith, 

1984). Estas relaciones proporcionan estimaciones de los desplazamientos 

y periodicidad de eventos paleosismicos individuales. En el este de los 

Estados Unidos, los estudios de la paleosismicidad tambien estan comenzando 

a producir resultados utiles. Se nan reconocido en la region de Nuevo Ma­ 

drid, Misuri, terremotos prehistoricos del Holoceno Posterior (10.000 anos 

B.P.) sobre la base de la licuefaccion asociada con dos terremotos prehisto­ 

ricos ocurridos en los ultimos 2.000 anos (Russ, 1982). Recientemente, se 

nan reconocido en Hollywood, Carolina del Sur, cuatro terremotos grandes 

que ocurrieron antes de 1886 en los ultimos 7500 anos, sobre la base de estu­ 

dios de licuefaccion (Obermeier, 1985).

Estudio del potencial sismico- Una vez que se nan identificado las caracte­ 

risticas tectonicas, se determina su potencial para generar terremotos. 

Entre los procedimientos para evaluar el potencial sismico figuran los si- 

guientes:

1) Seleccion de las caracteristicas fisicas que permiten la diferencia- 

cion de las caracteristicas tectonicas.

2) Comparacion con otras caracteristicas tectonicas que tienen carac­ 

teristicas fisicas especificadas.

3) Evaluacion de la probabilidad de que una caracteristica tectonica 

presente una determinada combinacion de caracteristicas favorables 

para la produccion de terremotos.



En la Figura 10 se presenta una matriz que puede utilizarse para evaluar 

el potencial sismico de una caracterlstica tectonica. Debera utilizarse 

toda la informacion disponible para determinar por inferencia las caracteris- 

ticas fisicas con la mayor precision posible. Se formulan clases de pregun- 

tas como las siguientes:

- LEa estado asociada la sismicidad historica con la caracteristica 

tectonica?

- iExiste evidencia de deformacion reciente en la corteza?

iEs favorable la geometria de la caracteristica tectonica en rela- 

cion con la orientacion del campo de esfuerzo?

- iExisten pruebas de reactivacion de una caracteristica tectonica 

a lo largo de zonas de debilidad preexistentes?

- iExisten pruebas de que la caracteristica tectonica amplifique el 

esfuerzo local sobre el nivel ambiente debido a las complejidades 

estructurales?

- iTiene la caracteristica tectonica una fuerza reducida de corteza 

o presenta cambios espaciales o temporales en la fuerza de la corte­ 

za?



Terrenotos de moderadoe 
a grandea

Favorable

Si Ho

Deafavorable

Si No

Terrenotoe pequenoe 
solamente

Favorable

Si No

Desfavorable

Si No

Nlnguna sismlcidad

Favorable

Si No

Desfavorable

Si No

Figura 10.  Ejemplo de una matriz que contiene informacion basica utili- 
zada para evaluar el potencial sismico de una caracteristica tectonica 
(del Electric Power Research Institute, 1984).



Los dos primeros factores, asociacion de la caracteristica tectonica con 

la sismicidad hist6rica y pruebas de deformacion reciente de la corteza. 

son, de ordinario, los mas diagnosticos para definir el potencial sismico.

Estudio de las zonas sismogenas - El geologo y el sismologo trabajan a menudo 

juntos para definir las zonas sismogenas, una region que tiene esencialmente 

caracteristicas especialmente homogeneas de indices de incidencia y magnitud 

maxima de terremotos. Para delinear las zonas sismogenas hay que integrar 

los datos tectonicos y la sismicidad. En la Figura 11 se ilustran las clases 

de modelos basicos de zonas sismogenas: 1) zona sismogena lineal, 2) zona 

sismogena regional, 3) coleccion de zonas sismogenas lineales y 4) una colec­ 

cion de zonas sismogenas lineales abarcada por una zona sismogena regional. 

Pueden utilizarse los principles generales siguientes:

- Puede utilizarse un modelo de zona sismogena lineal cuando los em- 

plazamientos sismicos estan circunscritos a lo largo de una falla 

o zona de falias identificada.

- Puede utilizarse una zona sismogena regional cuando la sismicidad 

ocurre uniformemente a traves de una region.

- Puede utilizarse un juego de zonas sismogenas lineales para modeli- 

zar una zona grande de deformacion cuando una ruptura sismica tiene 

una orientacion preferida, pero una incidencia fortuita.

Puede utilizarse una coleccion de zonas sismogenas lineales rodeada 

por un area de zonas sismogenas cuando se supone que eventos grandes
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Figura 11.  Ilustracion esquematica de clases de zonas sismogenas y la 
forma en que se modelizan en un analisis probabilistico.
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solo ocurriran en las fallas activas identificadas y eventos menores 

fortuitamente dentro de la region que las contiene.

Estudio del suelo local y de la colnmna de roca El geologo trabaja a menudo 

con el geofisico o el ingeniero geotecnico para definir la profundidad y 

las propiedades fisicas del suelo y de la columna de roca subyacente al lugar 

de construccion (Figura 12). Fuertes contrastes en la velocidad de las ondas 

transversales entre el suelo cerca de la superficie y la roca subyacente 

que constituye los 30-60 metres superiores (100-200 pies) pueden hacer que 

el movimiento de tierra aumente en una gama estrecha de frecuencias. La 

composicion espectral de amplitud maxima, y la duraci6n del temblor, pueden 

aumentar notablemente cuando el contraste de velocidad llega hasta un factor 

de 2 y el grosor de la columna del suelo tiene hasta 10-30 m (30-100 pies) 

(Figura 13). Los cientificos e ingenieros estan trabajando todavia para 

resolver las cuestiones tecnicas relacionadas principalmente con el hecho 

de si la respuesta lineal del terreno ocurre a niveles elevados de temblo- 

res de tierra y/o deformacion por deslizamiento (Hays, 1983).

La detenninacion de las propiedades fisicas de los materiales cerca de la 

superficie tambien es importante para evaluar el potencial de licuefaccion. 

En la Figura 14 se proporciona un diagrama de movimiento que puede utilizarse 

para efectuar una evaluacion preliminar. Si las evaluaciones preliminares 

indican que son necesarias, se realizan evaluaciones geotecnicas y perfora- 

ciones adicionales.



Figura 12.  Ilustracion esquematica de los efectos de la columna de roca
y tierra sobre el temblor de tierra. Cada uno de los seis emplazamien- 
tos tiene una historia cronologica y espectro de respuesta distintos 
debido a una distinta geometria, grosor y propiedades fisicas de la 
columna de roca y tierra.
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10.0c
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-183 M- .^ESTACION
MOTEL 0,«366m/s 
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MEDIA + 1 DESVIACION 
/ *\ ESTANDAR

"^ /;' MEDIA"s:.
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FRECUENCIA EN HERTZIOS
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/ ESTANDAR
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J
0.1 10.0

FRECUENCIA EN HERTZIOS

Figura 13.  Ejemplos de amplificacion del emplazamiento ocasionada por va- 
riaciones en la columna de roca y tierra cerca de la superficie. Las 
variaciones en el grosor y la geometria de la tierra y la roca y las 
propiedades fisicas (velocidad de las ondas transversales, densidad) 
pueden ocasionar amplificacion del movimiento de tierra. La amplifica­ 
cion puede conducir al requisite de mayores parametros para el movimien­ 
to de tierra nominal.



existencia de suelos licuables 
dentro de 50 pies por debajo 
de la superficie terrestre

arcilla, sedimento, barro, 
suelo organico, grava, otros

arena, tierra sedimen- 
tosa, arena arcillosa

elevacion de la capa freatica

el suelo licuable yace por 
encima de la capa freatica

el suelo licuable 
yace por debajo de 
la capa freatica

grosor del suelo de superficie 
no licuable

grosor > 10 pies

grosor < 10 pies

distribucion del tamaiio de gra- 
nulos de los suelos licuables

fuera de la zona licuable 
en la Figura 2

dentro de la zona licua­ 
ble en la Figura 2

valores N y profundidad
en la zona C en la Figura 3

en la zona A 
en la Figura 3

en la zona B 
en la Figura 3

licuable dudoso no licuable

Figura 14.   Diagrama de movimiento que puede utilizars 
potencial de licuefaccion en un emplazamiento.

al evaluar el



Funciones de atenuacion de las ondas sismicas Es bien conocido que la ampli- 

tud, la composicion espectral y la duraci6n del movimiento de tierra ocasio- 

nado por un terremoto registrado en un emplazamiento son funciones del meca- 

nismo de fuente sismica, de la distancia del epicentro y de la geometria 

y propiedades fisicas de las estructuras geologicas atravesadas por las ondas 

que se propagan por la superficie y el interior de un cuerpo a medida que 

se propagan desde la fuente al emplazamiento. Las ondas transmitidas por 

el interior de un cuerpo estan caracterizadas generalmente por altas frecuen- 

cias (2-10 hertzios) y de ordinario producen la aceleracion de tierra maxima 

en el acelerograma. Las ondas de superficie se desplazan y atenvian mas len- 

tamente que las ondas transmitidas por el interior de un cuerpo y generalmen­ 

te tienen frecuencias mas bajas de vibracion (por ejemplo, menos de 1 

hertzio). Debido a su menor indice de atenuacion y bajas frecuencias, las 

ondas de superficie pueden danar a los edificios altos situados a alguna 

distancia del epicentro de un terremoto.

Las funciones de atenuacion de las ondas sismicas para una region geografica 

son dificiles de cuantificar. Cuando no se dispone de datos sobre movimien- 

tos de tierra fuertes, puede utilizarse un mapa isosismico detallado para 

obtener una funcion de atenuacion regional (Figura 15). Sin embargo, los 

mejores datos son los datos de movimientos de tierra fuertes registrados 

en terremotos pasados. Estos datos pueden utilizarse para obtener las fun­ 

ciones de atenuacion de aceleracion maxima del movimiento del suelo (Figura 

16) o las funciones de atenuacion de velocidad espectral (Figura 17). La 

especificacion de la incertidumbre en el valor medio de la funcion de atenua­ 

cion del movimiento del suelo es muy importante, pero no siempre se realiza.
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Figura 16.  Ejemplos de la funcion de atenuacion de aceleracion maxima 
de la roca madre propuesta por Schnabel y Seed (1973). Esta funcion 
es valida principalmente para la region occidental de los Estados Uni- 
dos.
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Seleccion de parametros de disefio sismico Para estructuras e instalaciones 

importances, se utiliza el concepto de un terremoto nominal. El terremoto 

nominal es un terremoto que pudiera esperarse razonablemente que ocurriera 

dentro de la vida planificada de la estructura o instalacion y que produjera 

un temblor de tierra maximo en el emplazamiento. La estimacion de la ampli- 

tud, composicion de frecuencia y duraci6n de temblor de tierra es una tarea 

compleja ya que el movimiento de tierra (Figura 18) es una superposicion 

compleja de las ondas que se transmiten a traves de un cuerpo y de superfi- 

cie, las cuales han seguido muchas trayectorias distintas entre la fuente 

y el lugar de construction. Las longitudes caracteristicas de la geologia 

a lo largo de estas trayectorias introducen rubricas dependientes de la fre­ 

cuencia en el movimiento de tierra. Al seleccionar los parametros del terro- 

moto nominal, se sigue un procedimiento tal como el ilustrado en la Figura 

19. Este procedimiento tiene por fin producir la mejor estimacion de:

- la magnitud maxima,

la distancia menor desde la falla activa o caracteristica tectonica 

mas proxima,

la intensidad del epicentre y, cuando es posible, la aceleracion 

maxima (tambien la velocidad maxima y el desplazamiento maximo, 

cuando es posible),

- el espectro de respuesta desde niveles distintos de atenuacion,

- la duracion del temblor y
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parametros de diseno sismico. /1~\



- los efectos dependientes de la frecuencia del suelo o columna de 

roca local.

Pueden utilizarse procedimientos tanto detenninistas como probabilisticos. 

£1 proceso depende de la calidad de los datos geologicos, sismologicos y 

geotecnicos. El producto ultimo que se busca es una especificacion de la 

curva de peligrosidad para el emplazamiento. Una clase de representacion 

se ilustra en la Figura 20 donde la aceleracion maxima se expresa como fun- 

cion el tiempo de exposicion y la probabilidad de no superacion. Dichas 

curvas de peligrosidad permiten una opcion en el nivel aceptable de riesgo.

CONCLUSIONES Y RECOMENDACIONES

Un estudio de microzonacion sismica en Espana producira una mejor comprension 

tecnica de la peligrosidad sismica y aumentara la capacidad de los cientifi- 

cos, ingenieros y planificadores espanoles para incrementar y aplicar sus 

conocimientos tecnicos. Proporcionara respuestas a las preguntas siguientes: 

1) £D6nde han ocurrido en el pasado los terremotos? 2) iPor que ocurren? 

3) £Que efectos fisicos (peligros) estan asociados con cada terremoto y cual 

es su intensidad? 4) &Con que frecuencia ocurren? y 5) 6Cuales son las op- 

ciones para reducir las perdidas por estos peligros?

Un estudio de microzonacion sismica puede proporcionar todos los beneficios 

siguientes:
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Figura 20.  Ejemplos de como ilustrar el peligro de temblor de tierra en 
un emplazamiento. Estas curvas muestran la aceleracion maxima de la 
roca madre como funcion del tiempo de exposicion y una probabilidad 
de no superacion del 90 por ciento. Aunque existe alguna controversia 
en cuanto a los valores absolutes de la aceleracion maxima, los valores 
relatives entre los dos lugares son estables. Estas curvas permiten 
una opcion del nivel de riesgo aceptable.



1. La creacion de un raodelo regional raejorado de peligrosidad sisraica. 

Se identificaran las zonas sismogenas asi corao las zonas de fallas 

"activas" y "activas inferidas".

2. El establecimlento del nivel maximo de aceleracion maxima de tierra 

que se espera ocurra en Espana durante un tiempo de exposicion de 

unos 50 anos. Estos valores de aceleracion maxima deberan tener 

una probabilidad de no superacion de 90 por ciento en un periodo 

de 50 anos. Criterios como estos son utilizados tipicamente en 

todo el mundo al formular disposiciones de diseno slsmico en los 

codigos de edificacion. Tambien deberan calcularse las aceleracio- 

nes maximas del terreno para dos periodos de exposicion adicionales 

(10 y 250 anos, aproximadamente) y una probabilidad de no superacion 

del 90 por ciento a fin de proporcionar una perspectiva adicional 

para evaluar la peligrosidad de los temblores de tierra para los 

edificios y otras instalaciones que tienen vidas utiles mas cortas 

y mas largas o distintos grados de importancia.

3. La confeccion de mapas de microzonacion sisraica para las zonas urba- 

nas de Espana producira estimaciones pragmaticas de la gravedad 

relativa y variacion especial de los temblores de tierra, de las 

fallas de tierra inducidas por terremotos y de la ruptura por falla 

de superficie en funcion del tiempo de exposicion.

4. La especificacion de recomendaciones para mejorar los codigos de 

edificacion y las practicas de construccion y uso de la tierra.



5. La produccion de una raetodologia tecnica para la raicrozonacion sis- 

mica proporcionara aplicaciones que podran realizarse juntamente 

con los resultados de otros estudios de microzonacion que se reali- 

zan en todo el mundo. Estas metodologias proporcionaran una base 

tecnica para estudios de microzonacion sismica en otras regiones 

de Espana y para identificar estudios especificos de investigacion 

que deberan emprenderse a fin de aumentar el estado de conocimiento 

sobre la materia en Espana.

6. Aumentar el conocimiento tecnico de los cientificos, ingenieros 

y planificadores espanoles en materia de microzonacion sismica.

7. Asignaciones de recursos para adquirir y analizar datos sobre movi- 

mientos fuertes de tierra ocasionados por terremotos futures que 

ocurran en Espana. Estos datos pueden aumentar la precision del 

disefio resistente a los terremotos para edificios y otras instala- 

ciones.

RECOMENDACIONES

Se recomienda adoptar las medidas siguientes:

1. Formacion de asociaciones de trabajo entre cientificos e ingenieros 

para la realizacioh de los futures estudios de microzonacion.



2. Identificacion de las regiones de Espana que necesitan microzonacion 

e iniciacion de la labor requerida de planificacion y recopilacion 

de datos.

3. Despligue de una red de acelerografos de los movimientos fuertes 

para registrar los datos requeridos para resolver cuestiones tecni- 

cas relativas a atenuacion, duracion de temblores y respuesta del 

terreno. Dicha red debera coordinarse con las redes de sismicidad.

4. Participacion en investigaciones posteriores a los terremotos en 

otras partes de la regi6n mediterranea para obtener experiencia 

e informacion.

5. Recopilacion de informacion sismotectonica adicional en toda Espana 

y la region del Mediterraneo para definir la periodicidad de las 

fallas y las magnitudes maximas y periodicidad para zonas sismogenas 

discretas.

6. Creacion de una base nacional de datos que contenga todos los datos 

geologicos, sismologicos y tecnicos requeridos para fines de micro­ 

zonacion sismica.

7. Introduccion de cambios, segun proceda, en el codigo de edificacion 

y las practicas de construccion y uso de la tierra en Espana.

8. Iniciacion de capacitacion destinada a aumentar el numero de cienti- 

ficos e ingenieros espanoles expertos en microzonacion sismica.



La adopcion de estas medidas servira para poner a Espana en una posicion 

de vanguardia en el campo de la microzonacion sismica.

GLOSARIO

Se incluye, como indice A, un glosario de terminos tecnicos.
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PROPOSAL FOR THE PREPARATION OF A LANDSLIDE ASSESSMENT AND MAPPING PROGRAM
FOR PUERTO RICO

BY
Carlos Rodriquez Molina and Luis Vazquez Castillo

Vazquez Agrait, Vazquez Castillo & Despiau
Hato Rey, Puerto Rico

INTRODUCTION
The cost of landslide damage in Puerto Rico for the past 

thirty years,although not precisely established, must range in 
the millions of dollars. Most of these landslides have 
damaged high ,middle high, middle, low income residential and 
suburban developments, state highways, local roads, private as 
well as government owned industries, and to some extent, the 
farming industry. The economic impact of landsliding is 
difficult to assess. Direct costs of ruptured structures, 
road pavements, and utility lines must be added to indirect 
costs attributed to reduced productivity and even loss of 
jobs, disruption of communication lines, reduced property 
values, loss of valuable agricultural land, increased 
sedimentation in reservoirs, and a general disruption of human 
activity. These losses are particularly unfortunate, in that 
most landslides are events that are technically predictable, 
rather than the generally attributed "act of god" cause.

Our company has made landslide damage cost estimates in 
excess of five million dollars for the five year period 
covering from 1980 to 1985. The estimates are based on 
specific company projects and comprise only direct costs 
related to geotechnical explorations, design specifications 
and remedial measures implementation. The projects include 
all the development categories mentioned above. Clearly this 
estimate is well underestimated bearing in mind that it is 
only based on our company projects.

OBJECTIVE

The objective of this proposal is to present a 
comprehensive landslide assessment program directed first 
towards the prevention of human losses during landslide 
hazards, and to guide the proper development of hillside 
ground terrain in Puerto Rico. Furthermore, it will identify 
developed areas having a high risk of landslide failure, a 
significant consideration in view of the rapid economic growth 
of the past three decades which took place with little, if 
any, consideration of landslide hazards.

GENERAL BACKROUND

Most of the landslide damage in Puerto Rico results 
primarily from the location of developments (whether private 
or government funded) on unstable or potentially unstable 
hillside grounds. Of greater impact is the fact that 
landslide damage not only has encompassed monetary losses, but 
unfortunately human lives have been lost. Records show at 
least 11 persons have died due to landslide related hazards 
during the past 30 years. The most recent case being the 
unfortunate Barrio Mameyes Landslide, where approximately 140 
people were caught underneath a large rockslide. Actually the 
geology, slide characteristics and moving mass geometry at



Mameyes were far more complex than a rockslide (At least three 
different landslide mechanisms have been recognized by the 
undersigned at the Mameyes Community).

From a "land development" point of view, a landslide may 
generally be defined as any movement or displacement of ground 
which disrupts human activity or imposes restrictions to land 
use. Not all landslides in Puerto Rico are similar to one 
another. They generally show a strong correlation to the 
local geology, topography, and climatic conditions. However, 
it can generally be established that they all include the 
downward and outward movement of masses of soil or rock from 
hillsides under the influence, among many other factors, of 
gravity.

Knowledge of landslide potential in Puerto Rico has 
existed by far, prior to the Mameyes landslide. Several 
unpublished technical papers have been written on the subject 
by the undersigned and fellow geologist for a number of 
landslide localities within Puerto Rico.

The United States Geological Survey (U.S.G.S.) has 
published several geologic maps on which attemps have been 
made to identify areas containing landslide deposits. These 
maps include ,among others, the Bayam6n quadrangle, Manati 
quadrangle, and the Utuado quadrangle.

Dozens of landslide assessment technical reports have 
also been prepared by this office for areas within the most 
problematic landslide zones in Puerto Rico. These reports 
date as far back as 1958, and comprise projects ranging from 
single home family dwelings, private and public developments, 
and state and rural roads. Most of the reports deal, among 
other purposes, with landslide detection, assessment, and 
remedial design implementations.

An Islandwide landslide susceptibility map titled; "MAP 
SHOWING LANDSLIDES AND AREAS OF SUSCEPTIBILITY TO LANDSLIDING 
IN PUERTO RICO" was also prepared by th U.S.G.S. in the latest 
attempt to identify areas susceptible to landslides. Also on 
several quadrangles a section on "Engineering Geology" has 
been included so as to assess the user on the engineering 
characteristics of the geologic materials within the map.

All the work published by the U.S.G.S. is certainly of 
invaluable assistance for any professional dealing with land 
development within the island. However, a thorough mapping 
program with all efforts directed towards assessing the 
planner (the term planner includes the owner, contractor, 
government agencies, and the layperson in general) on 
landslide susceptibility, needs to be implemented in order to 
reduce human and monetary losses resulting from landslides.

This mapping program must include, not only the mapping 
of areas susceptible to lands 1 ides,but it must also address 
the geotechnical measures,in general , warranted by the 
specific landslide prone area, so that proper land development 
is carried out. That is , available publications delineate, 
to a certain degree of detail, several areas within the island 
which exhibit landslides and several areas which are 
susceptible to lands 1 ides(U.S.G.S. map 1-1148, MAP SHOWING 
LANDSLIDES AND AREAS OF SUSCEPTIBILITY TO LANDSLIDING IN P.R., 
W. H.,Monroe,1979). The use of this map will lead to the



penalization of landslide prone areas without a proper 
evaluation by qualified Engineering Geologists and 
Geotechnical Engineers (i.e. the planner decides not to 
develop the area). No provisions are included in terms of 
the engineering geologic characteristics of the landslide 
masses and the general geotechnical guidelines the planner 
needs in order to develop the area.

PROPOSED PROGRAM
A method of evaluating the relative stability of ground 

for hillside developments, which was originated in California, 
has been successfully used and refined in the Cincinnati Area 
(Rodiguez C.R., 1983),in the San Francisco Bay Area (Soto 
A.E., 1975), and has since been widely used throughout several 
states within the mainland.

The Relative Stability Method involves the mapping of 
landslide features, gelogic units, and cultural features 
relevant to slope stability on a suitable topographic base map 
(Engineering Geologic Map). Then, factors influencing 
hillside stability are analysed. Finally, a Relative 
Stability Map is prepared indicating stable ground, areas 
presently unstable, and areas with potential for future 
movement. The Relative stability Map includes provisions or a 
series of the geotechnical guidelines needed by the planner in 
the pre-development stages of the project.

The Relative Stability Map is designed so that the 
professional ,as well as, the layperson can interpret it 
without necessary engineering or geological background.

We propose to implement the Relative Stability Method in 
Puerto Rico primarily for several reasons:

1. To reduce human, property and the consequent and economic 
losses resulting from landslides.

2. To asses the Government on the conditions of present 
unstable hillside ground and areas suspected of 
instability problems.

3. To provide the Planning Board with a landslide 
susceptibility map and a set of guidelines the 
planner must strictly follow prior and during the 
development of hillside grounds.

4. To assess the planner in the pre-development stages of a 
project.

5. To educate the public in general with factual data on 
landslide hazards.

6. Provide work-training experience to geology and
geotechnical students at the Departmentof Geology of 
the University of Puerto Rico (Mayaguez Campus), who 
will later become part of the government-private 
sector workforce responsible for the implementation 
and study of landslide hazards and landslide 
related public policy.
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WORK SCHEDULE

The following general work schedule encompasses our 
proposal:

A. Preparatory Stage

1. Research and History

It is of outmost importance that the first stage to this 
investigation consists of a detailed research of all the 
available information on past and present instability hazards 
throughout the island. The main source of this information 
would be government agencies like: The Planning Board, Housing 
Department, Highway Authority,Water Aurthority,Power 
Authority, Natural Resources and any other agency that is 
related to developments or any other project where hillside 
ground is used. With this information a detailed landslide 
damage cost estimate for Puerto Rico can be prepared.

2. Topographic Maps, Geologic Maps & Aerial Photographs

Of outmost importance is the compilation of island 
wide sets of U.S.G.S. Topographic and Geologic Quadrangles. 
These maps are prepared to a scale of 1 : 20,000 and are 
available for most of the island. The topographic quadrangles 
can be supplied by the Highway Authority, while the Geologic 
quadrangles can either be supplied by the Natural Resources 
Department, or they can be purchased trhough the U.S. 
Department of the Interior at Washington,D.C..

The Geologic quadrangles are distributed approximately in 
the same manner as the topographic maps, and are also 
available at the same scales (1 :20,000). Both the geologic 
and the topographic maps will be used as our general "base 
maps" for the praparation of Relative stability maps.

Past and recent aerial photographs must also be compiled 
covering most of the areas covered by the geologic or 
topographic maps. These aerial photographs are generally 
available at scales of 1 : 20,000 (although larger scales are 
also available) ,and they can be provided by the Highway 
Authority . The photographs will be interpreted using 
stereoscope and landslide remote sensing techniques.

3. Available Landslide Assessment Reports Borehole Data Bank

Our firm has been in service for over 27 years throughout 
Puerto Rico, a time span that has resulted in a company 
library of landslide related assessment reports, as well as a 
borehole data bank of thousands of boring logs (written record 
and description of perforations ,or test holes), which when 
carefully retrieved can be of invaluable help in the 
investigation. Although the majority of the reports and 
boreholes were performed on urbanized areas, a great deal were
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performed on hillsides (whether urbanized or in remote areas) 
The collection and analysis of the above mentioned data 

is also of outmost importance in this investigation, since 
they are the only means we can actually observe the 
subsurface, and thus make qualitative and quantitative 
stability evaluations of the areas in question.

B. Quadrangle Priorities

Once the preparatory work is completed and all the data 
is organized and compiled (Islandwide Landslide Damage Cost 
Estimate, Geologic Map Set , Topographic Map Set, Aerial 
Photography set, reports library, and Borehole Data Bank), a 
meeting can be held with the Planning Board or any other 
interested parties in order to arrange a Schedule of 
quadrangle investigation. That is, the Planning Board may be 
interested in promptly investigating areas where there are 
rumors of instability. Also areas where there are definite 
landslide developments can be immediately investigated.

We would generally recommend the following schedule of 
priorit ies:

1. Start investigating hillside developments (whether rural 
or urbanized, or in agricultural use) which exhibit 
instability problems,or where instability problems 
problems are suspected.

2. Then mobilize our attention towards future hillside 
developments(whether private, public,or industrial).

3. Investigate areas specified by the Planning Board or 
any other interested parties which need to be done 
to scales larger than 1:20,000 and thus in much 
greater detail.

C. Field Work

With both, the Preparatory and the Quadrangle Priority 
completed, we will be ready to commence the Field Work stage 
of our investigation which will consist of the following:

1. Our first field work effort will be to corroborate 
in the field areas either suspected of landslides or 
areas with landslides already developed.

2. A field checking stage will be conducted, so as to 
confirm the data obtained through: the aerial photo 
interpretation, topographic & geomorphic characteristics, 
the history of the areas of instabi1ity,and the borehole
and library report data.

3. Preparation of Engineering Geologic Map 
In the Engineering Geologic Map all the gathered data 
(topographic, geology ,aerial photography,borehole, 
historic landsliding, landslide features, and any other
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engineering geologic characteristic relevant to the 
areas overall stability) will be plotted on a a 
regular U.S.G.S. topographic Map.

In the event that more detail is warranted, 
(our proposal calls for the use of maps to a scale of 
1:20,000), then special arrangements will be necessary 
so as to obtain the approppiate topographic base-maps 
with the corresponding larger scale. The use of base 
maps to a larger scale has to be specifically ordered 
and approved by the Planning Board or any other agency 
related to this investigation (under separate contracts).

D. Preparation of Relative Stability Map-- ---one per 
quadrangle.

After the Engineering Geologic Map is prepared, it will 
be thoroughly analyzed for the possible factors influencing 
hillside stability.

The final and most practical product of the investigation 
will be the preparation of a Relative Stability Map, where all 
the hillsides investigated will be categorized as being 
Stable, Unstable,or Potentially Unstable. Every category will 
be accompanied by the appropiate geotechnical considerations 
the planner will need in order to properly develop the 
hillside in question.

E. Prapare Relative Stability Report-  --   one per 
quadrangle.

All the Quadrangles mapped will be accompanied also by a 
short, comprehensive and practical report on the general 
Engineering Geologic characteristics of the soil and/or rock 
deposits. The report will be provided for in depth 
geotechnical and geological characteristics of the specific 
unstable areas.

COMMENTS

It is of outmost importance to point out that this 
landslide assessment method is primarily designed for the 
maximum possible prevention of landslide hazards and thus for 
the proper development of hillside grounds . Its success 
depends solely on a well organized, interdiciplinary workforce 
consisting of experienced Geotechnical Engineers, Engineering 
Geologists, Geologists and Planners.

WORK FORCE

The following group of experienced professionals has 
been assembled:

Carlos Rodriguez Molina,M.S.,
Senior Engineering Geologist,-------------Caribbean Soil

Testing Hato Rey Branch
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Luis Vazquez Castillo,P.E., M.E.C.E.
Geotechnical Engineer, -- --------  --Prof.,Dept. of

Civil Engineering
U.P.P.R.

President at Caribbean 
Soil Testing, Hato Rey Branch

Alejandro E. Soto, M.S.,
Engineering Geologist,-   --Assistant Prof.,Department

of Geology, R.U.M.

Benigno Despiau, P.E.,
Geotechnical Engineer -         -            -Caribbean Soil

Testing, Hato Rey Branch

James Joyce,Ph.d.,
Geologist-- - ----------  Assistant Prof.,Department

of Geology, R.U.M.

Carlos Rodrlguez Perez,Ph.d.,
Geotechnical Soil and Rock--------Associate Prof.,Depatment
Mechanics Engineer of Civil Engineering,

R.U.M.
Project Engineer 

at Caribbean Soil Testing 
Hato Rey Branch

Alfonso Vazquez Castillo, C.E.,
Geotechnical Engineer -----   -- -----Caribbean Soil

Testing, Hato Rey Branch

Our Soil Testing Laboratories from Caribbean
Soil Testing, Mayaguez Branch, will be assigned to this
invest igation.

Students from the Geology Department of The University of 
Puerto Rico-Mayaguez Campus will actually participate in this 
investigation under a required Special Topics course wherein 
the student undertakes faculty-supervised research.

The above mentioned personel consists of Private 
Geotechnical and Engineering Geology Consultants,as well as, 
Independent and University (Department of Geology at Mayaguez) 
Consultants. Personal resumes on all the proposed personnel 
are included in the appendix to this proposal.

Also a list of most of the recent landslide assessment, 
or otherwise related reports is included in the same 
appendix. The latter list includes the different owners, 
whether government or private, for which the reports were 
prepared.

ECONOMIC ASPECT

We estimate the investigation will take some four to five
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years for completion (using standard 7.5 minute topographic 
quadrangles), mapping at a rate of approximately one 
quadrangles per month.

The investigation will take place using our Hato Rey 
office as our principal base, and the department of 
Geology at the U.P.R. Mayaguez Campus as a secondary base. 
In this way the investigation can take place simultaneously 
from two key points within Puerto Rico.

The cost of the investigation is to be negotiated in 
detail with the interested parties, since most of the 
materials required for the investigation can be supplied to us 
by the government (i.e. historic data, topographic and 
geologic quadrangles, aerial photographs, transportation and 
any other relevant data.). However, preliminary estimates 
indicate the cost should range between $ 450,00.0 to 
$ 500,000.

As an alternative, the investigation can be carried out in 
stages. That is, several key urban or industrial quadrangles 
can be selected as a "pilot 11 to our investigation. Our 
personnel can then investigate and produce a "Relative 
Stability Map and Report", for the inspection and approval of 
the government.

An in-depth audio visual presentation on the landslide 
assessment program will be presented to the President of the 
Puerto Rico Planning Board, Eng. Patria Custodio, on thursday 
November 14 at 4:00 P.M..

Respectfully submitted,

Carlos Rodriguez Molina, M.S., 
Senior Engineering Geologist

Luis Vazquez Castillo, P.E., M.E.C.E., 
President



THE IMPORTANCE OF TRAINING IN EARTHQUAKE HAZARDS MITIGATION

by

Walter W. Hays and Paula L. Gori 

U.S. Geological Survey 

Reston, Virginia 22080

INTRODUCTION

The goals of the National Earthquake Hazards Reduction Program, enacted into 

law in 1977, are to save lives and to reduce economic losses through 

implementation of mitigation strategies. Successful mitigation of earthquake 

hazards reducing the vulnerability of people and property requires training 

and many coordinated efforts that are keyed to these goals. If lives are 

saved, the cost of reconstruction after a damaging earthquake can be tolerated 

more easily. Currently, economic losses each year from earthquakes average 

about $680 million; however, the potential for sudden loss from a great 

earthquake (magnitudes of 8 or greater) in Southern California is about $50 

billion, depending on the location and magnitude of the earthquake and the 

time of day when it occurs (Hays 1981). At the present time, the total value 

of construction exposed to the earthquake threat in the United States is at 

least $2.3 trillion (Office of Science and Technology Policy, 1978). The 

value of contents of buildings and processes that are at risk is an additional 

factor that must be added to the total potential losses.

Every year approximately 10 million earthquakes having a wide range of 

magnitudes occur throughout the World, mainly along the boundaries of tectonic 

plates. Several thousand of these occur in the United States. Although most 

of the earthquakes are small and do not cause damage or loss of life, some are 

very destructive (Table 1). The potential for damage and loss of life 

increases markedly as the magnitude of the earthquake increases above
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TABLE 1: MAJOR EARTHQUAKES OF THE 20TH CENTURY

DATE

September 19, 1985
August 23, 1985
March 3, 1985
October 30, 1983
December 13, 1982
November 23, 1980
October 10, 1980
December 12, 1979
September 16, 1978
March 4, 1977
November 24, 1976
August 17. 1976
July 28, 1976
May 6, 1976
February 4 1976
September 6, 1975
December 28, 1974
December 23, 1972
April 10, 1972
May 31, 1970
March 28, 1970
August 31, 1968
August 19, 1966
July 26, 1963
September 1, 1962
May 21-30, 1960
February 29, 1960
December 13, 1957
July 2, 1957
June 10-17, 1956
March 18, 1953
August 15 1950
August 5, 1949
June 28, 1948
December 31, 1946
December 26, 1939
January 24, 1939
May 31, 1935
January 15, 1934
March 2, 1933
December 26, 1932
May 22, 1927
September 1, 1923
December 16, 1920
January 13, 1915
December 28, 1908
August 16, 1906
April 18-19, 1906

PLACE

Mexico
Sino-Soviet border
Chile
Turkey
North Yemen
Italy
Algeria
Colombia and Ecuador
Iran
Romania
Eastern Turkey
Philippines
Tangshan , China
Italy
Guatemala
Turkey
Pakistan
Nicaragua
Iran
Peru
Turkey
Iran
Turkey
Yugoslavia
Iran
Chile
Morocco
Iran
Iran
Afghanistan
Turkey
India
Ecuador
Japan
Japan
Turkey
Chile
India
India
Japan
China
China
Tokyo , Japan
China
Italy
Italy
Chile
San Francisco

MAGNITUDE, 
RICHTER 

SCALE

8.1
7.5
7.4
7.1
6.0
7.2
7.3
7.9
7.7
7.5
7.9
7.8
7.8 240,000
6.5
7.5
6.8
6.3
6.2
6.9
7.7
7.4
7.4
6.9
6.0
7.1
8.3
5.8
7.1
7.4
7.7
7.2
8.7
6.8
7.3
8.4
7.9
8.3
7.5
8.4
8.9
7.6
8.3
8.3
8.6
7.5
7.5
8.6
8.3

DEAD

10,000
55

177
1,300
2,800
4,800
4,500

800
25,000

1,541
4,000
8,000

to 650,000
946

22,778
2,312
5,200
5,000
5,057

66,794
1,086

12,000
2,520
1,100

12,230
5,000

12,000
2,000
2,500
2,000
1,200
1,530
6,000
5,131
2,000

30,000
28,000
30,000
10,700
2,990

70,000
200,000
99,330

100,000
29,980
83,000
20,000
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magnitude 5.5. In the United States, all or part of 39 states lie in 

earthquake-prone regions and are considered to have a moderate to major chance 

of loss (risk). Within these 39 states, more than 70 million people and large 

inventories of structures and lifelines are exposed to the earthquake threat.

Information and training programs are keys to mitigating the impacts of 

earthquakes on society. Before a population can prepare for, mitigate, and 

respond to the earthquake threat, it needs certain kinds of information that 

defines the nature and extent of the threat and the actions that can be taken 

to mitigate it. Training, using multiple ways of imparting relevant 

information to the populace, is needed to create a technology base for 

mitigation actions. Repeated exposure in different formats (for example, 

briefings, conferences, seminars, workshops, summer institutes, short courses, 

courses, and technology transfer sessions) and in multimedia presentations are 

required in a training program because of the relative complexity and the 

general lack of familiarity of the populace with earthquake hazards, as 

compared with other natural hazards such as hurricanes and floods. Another 

factor complicates the training process the populace is not homogeneous. 

People differ widely in their requirements for information about earthquake 

hazards and in their capability to absorb and use it. For example, planners, 

architects, engineers, and scientists have requirements and capabilities that 

differ markedly from those of Federal, State, and local governments officials 

and private citizens.

An effective training program must have well formulated short-and long-term 

goals. The program must:

1) Address critical and complex technical-societal-political issues in 

each region of the Nation.

2) Focus on critically important research results that can advance the 

state-of-knowledge and improve the state-of-practice.

3) Develop self reliance in earthquake prone regions of the Nation by

training a multidisciplinary group of people who can become the local 

experts, before, during, and after the earthquake.



4) Achieve efficiency and cost effectiveness by using strategies that 

take advantage of progress made in mitigating other natural hazards.

The following sections describe important factors that must be considered in 

devising a training program for earthquake hazard mitigation.

IMPORTANT FACTORS IN A TRAINING PROGRAM

Complexity of Earthquake Hazards An earthquake is caused by the sudden abrupt 

release of slowly accumulating strain energy along a fault, a surface or zone 

of fracturing within the Earth's crust. Depending on its size and location, 

an earthquake causes the physical phenomena of ground shaking, surface fault 

rupture, earthquake-induced ground failure (landslides, liquefaction, 

compaction, lurching, and foundation settlement), regional tectonic 

deformation, seiches, and (in some coastal locations) tsunamis (Figure 1). 

Each phenomenon (called an earthquake hazard) can cause damage to structures 

C-IK. critical facilities, economic loss, injuries, loss of life, loss of 

function, and loss of confidence. Fires and floods can also be triggered by 

these hazards. In addition, aftershocks may follow the main shock over a 

period of several months to several years and cause additional damage, losses, 

and psychological impacts.

When comparing earthquake hazards in the Eastern and Western United States, 

scientists/engineers and decisionmakers must be aware of important differences 

in the hazards of ground shaking, surface faulting, earthquake-induced ground 

failure, tectonic deformation, and tsunamis. These differences are summarized 

below.

1) In terms of peak ground acceleration, earthquake ground shaking in 

the East for a given exposure time such as 50 years (the useful life 

of an ordinary building) ranges from less than 10% to about 50% of 

the level expected in California. Although, the level of peak 

acceleration in the East can be high, ground motion tends to 

attenuate slowly away from the epicenter and to be characterized by 

long duration and low frequencies. These characteristics of the
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Figure 1. Schematic illustration of the various types of earthquake
hazards. Each hazard can cause damage and economic losses unless 
mitigation measures are in place. Training programs that provide 
relevant information on the earthquake hazards are an important part of 
the process of implementing mitigation measures.
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ground shaking create a potential for causing damage to tall 

buildings (10 stories or greater) located as much as 500 miles away 

from the epicentral area where no other significant damage from 

ground shaking is likely to occur.

2) Except for the 1911-1812 New Madrid earthquakes, no historic

earthquakes have caused surface faulting in the East. Almost all 

historic surface faulting has taken place on faults that exhibit 

geologically young displacements (e.g., displacements within the 

Holocene last 10,000 years, or the Quaternary last 2 million 

years).

3) The recurrence interval for major earthquakes in California is about 

once every 150 years; whereas, the corresponding recurrence interval 

in the New Madrid Seismic Zone and the St. Lawrence River Valley is 

on the order of about one every 700-1000 years.

4) The rate of attenuation of seismic energy in the East is much slower 

than in the West, causing a much larger area to experience 

architectural and structural damage in an earthquake.

5) Because of the larger area of strong ground shaking in the East, 

ground failures which can occur at values on the Modified Mercalli 

Intensity scale ranging from VI-X are likely to be triggered over a 

wider area in the East than in the West.

6) Unlike in California, soil and rock columns in Utah and in parts of 

the East appear to have physical characteristics that can cause 

amplification of ground motion in selected frequency bands. Some 

sites in the East would enhance high-frequency ground shaking and 

other sites would enhance low-frequency ground shaking. Low-rise 

buildings are more susceptible to high-frequency ground shaking than 

tall buildings; whereas, tall buildings are more susceptible to low- 

frequency ground shaking than low rise buildings. Amplification by 

soil deposits can increase the Modified Mercalli Intensity scale 

rating relative to rock by two intensity units (i.e., from V to VII)



which can result in damage in the upper stories of tall buildings 

located some distance from the epicenter (for example, like the 1985 

Mexico earthquake).

7) Tectonic deformation, the characteristic feature of earthquakes

having magnitudes of 8 or greater, has occurred in both the East and 

the West. Deformation over a large area occurred in connection with 

the 1811-1812 Mew Madrid, Missouri, earthquakes and the 1964 Prince 

William Sound, Alaska earthquake.

8) The historic record shows no evidence of tsunamis along the East 

coast; whereas, tsunamis have occurred historically in Alaska and 

along the West coast.

9) A long aftershock sequence, possibly lasting for several years, is 

typical of major earthquakes in the East. In the West, aftershocks 

tend to die out after only a few months.

In the United States the diversity and complexity of earthquake hazards make 

their mitigation (including training) an extraordinarily difficult goal. An 

integrated, multidisciplinary plan of attack incorporating the efforts of many 

individuals and the knowledge, skills, and techniques of several professional 

disciplines is required (Figure 2). Mitigation must involve the following 

groups of people: (a) elected and appointed public officials and political 

leaders, (b) earth scientists, architects, geotechnical engineers, and 

structural engineers from both the academic community and the private sector, 

(c) urban planners, (d) building officials, and (e) individual and 

professional builders including representatives of the building materials and 

crafts industries.

Characteristics of earthquakes that can be used to quantify mitigation 

efforts Earthquakes are probably the greatest natural hazard the Nation must 

face in terms of potential loss of life, property damage, and impact. No 

region of the country or State is adequately prepared to respond to a major 

earthquake. Compared with other natural hazards, (e.g., hurricanes, floods, 

volcanic eruptions), an earthquake has the following four characteristics:
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groups. The earthquake hazards model was illustrated in Figure 1.
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1) Pattern of Occurrence Earthquakes occur mainly along the boundaries 

of tectonic plates throughout the world (i.e., along the boundary of 

the Pacific and North American Plates in the United States) and recur 

cyclically where they occurred in the past. Short-term prediction of 

the size, place, and time of future earthquakes is still an emerging 

scientific field that cannot be depended upon at the present time to 

reduce losses independent of training and other mitigation activities.

2) Impact Time The time between the first physical precursors, if any, 

of a major earthquake and its peak impact is short, on the order of a 

few hours or less, and no warning system is presently available to 

reduce potential losses. The duration of an earthquake is very short 

(a few seconds to several minutes) compared to many other natural 

hazards.

3) Area Affected A broad area of several hundred thousand square miles 

centered around the epicenter is affected in a major earthquake with 

damage and losses generally decreasing with distance from the 

epicenter. However, as observed in the 1964 Prince William Sound, 

Alaska earthquake, tsunamis can be very destructive at locations 

thousands of miles from the epicenter and, in the 1985 Mexico 

earthquake, ground shaking effects can cause collapse of buildings 

located 250 miles from the epicenter. Hence, reduction of potential 

earthquake losses requires mitigation efforts on four scales: (a) 

global (1:7,500,000 or larger), b) regional (1:250,000 or larger), c) 

urban (1:24,000 or smaller), and d) engineering (1:5,000 or smaller).

4) Frequency Compared to other natural hazards a major earthquake occurs 

relatively infrequently, varying, on the average, from once every 30 

years in high seismicity areas of the world to once every 500-1,000 

years in low seismicity areas of the world. The infrequent annual 

occurrence of a major earthquake relative to natural hazards like 

floods that occur annually tends to make loss-reduction measures 

evolve slowly and to limit progress mainly immediately after the 

occurrence of a damaging earthquake.



The needs of the people The people involved in earthquake hazards mitigation 

need information and methodologies that have been validated. They need the 

best available answers to the following questions:

1) Where have earthquakes occurred in the past? Where are they occurring 

now?

2) Why are they occurring?

3) How often do earthquakes of a certain size (magnitude or epicentral 

intensity) occur?

4) How bad (severe) have the physical effects (hazards) been in the past 

on structures and the populace? How bad can they be?

5) How do the physical effects (hazards) vary spatially and temporally?

6) What are the viable options for mitigating potential losses (economic, 

life, function, confidence) from earthquake hazards? How cost 

effective are they?

7) What research is needed to provide a technical data base, cost

information, and sound technical and societally-acceptable procedures 

for devising loss-reduction measures and calling for change in 

building codes, land use, and construction practices?

Such information is provided best through comprehensive training programs.

The options for mitigation actions Options for reducing potential losses from 

earthquakes are varied* They include:

1) Increasing awareness of earthquake hazards (training and education, 

professional registration, use of print, radio, and television media).
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2) Preparation of development studies and plans (land use and open space 

inventories and plans, community facility and utility inventories and 

plans, redevelopment plans, seismic- and public-safety plans).

3) Designing and building safe structures (repair and strengthening of 

existing buildings, siting and design of critical facilities, site- 

specific investigations for new buildings).

4) Discouraging new or removing existing hazardous development

(disclosure of hazards information, warnings of hazardous areas, 

public records of hazards, removal of unsafe structures).

5) Regulating development (building and grading ordinances, design and 

construction regulations, hazard zone investigations, building codes).

6) Preparing for and responding to disasters (damage inspection, repair 

and recovery, earthquake preparedness plans, emergency response plans, 

insurance).

Training is required to impart the technical knowledge needed to implement 

these options.

The perspectives of people Training programs must recognize that the 

strengths and weaknesses of an earthquake hazards mitigation program are 

intimately dependent on the people who will implement them. The range of 

perspectives of the people involved is broad, adding to the complexity 

(Szanton, 1981). The scientist/engineer and the elected and appointed 

official/political leader (called a decisionmaker) represent the extremes of 

the perspectives, which are summarized below.

1) The ultimate objective of the decisionmaker is the approval of the 

electorate; it is the respect of peers for the scientist/engineer,

2) The time horizon for the decisionmaker is short; it is long for the 

scientist/engineer*
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3) The focus on the decisionmaker is on the external logic of the problem; 

it is on the internal logic for the scientist/engineer.

A) The mode of thought for the decisionmaker is deductive and particular; it 

is inductive and generic for the scientist/engineer.

5) The most valued outcome for the decisionmaker is a reliable solution; it 

is original insight for the scientist/engineer.

6) The mode of expression is simple and absolute for the decisionmaker; it 

is obtruse and qualified for the scientist/engineer.

7) The preferred form of conclusion for the decisionmaker is one "best

solution" with uncertainties submerged; it is multiple possibilities with 

uncertainties emphasized for the scientist/engineer.

The seven differences in perspective listed above are the main reason that an 

earthquake hazards mitigation program of a country (region, city, agency, or 

institution) must have well coordinated short- and long-term objectives and 

involve both the scientific/technical community and decisionmakers in a way that 

minimizes the differences in their perspectives. Training must be tailored to 

relate to these differences.

Conditions that hinder implementation of an earthquake hazards mitigation 

program A number of real-world conditions hinder implementation of an earthquake 

hazards mitigation program. They must be addressed in the training program. 

These conditions are:

1) Until a disaster occurs, decisionmakers view other current problems as 

more pressing and important than mitigation of earthquake hazards.

2) Political and economic costs are often seen as disproportionate to the 

benefits of solving the problems. This perception deters pragmatic 

actions in spite of the fact that the benefit/cost ratio of earthquake
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hazards mitigation programs has been shown to be about 10:1 (that is, an 

expenditure of $1 for mitigation saves $10 later in losses).

3) Earthquake hazards are complex and difficult to quantify except in terms 

that incorporate uncertainty, increasing the complexity even more for the 

decisionmaker and causing greater dependence on the scientist/engineer 

than may be wanted by either the scientist/engineer or the decisonmaker.

4) Technical and administrative capacities of governments are often limited 

when dealing with the complexity of earthquake hazards.

5) Intergovernmental and intraorganizational complexities often hinder the 

development of a coordinated hazards mitigation program and can cause 

conflict and/or distrust among key persons.

CONCLUSIONS

From the beginning, training has been an integral part of the National Earthquake 

Hazards Mitigation Program. Training requirements are complex because the 

technical-societal-political problems associated with the goals of saving lives 

and reducing economic losses are complex and difficult to solve quickly. A well 

coordinated training program, having integrated short-and long-term objectives, 

has proven to offer the best chance for success. The most effective strategies 

for successful training programs include:

1) Give key persons a role in the process, asking them to take part in the 

planning through steering committees, counterpart organizations, review 

boards, etc. This involvement gives them a target for their influence.

2) Keep the information manageable for the participants by focusing on facts 

that represent the best technical answers to the questions:

- Where?

- Why?

- How Often?

- What happened?



- What could have happened?

- What can be done to mitigate the physical effects of the hazard?

- What is the cost/benefit?

3) Take advantage of recent occurrences of earthquakes or other natural 

hazards in the country, disasters in other parts of the world whose 

lessons are transferable, or dates of the anniversaries of past (but not 

forgotten) major earthquakes. Use them to gain attention and to add 

reality.

4) Build on existing programs, seeking to strengthen them and to accelerate 

their progress whenever possible.

5) Coordinate planning with other national activities such as major meeting 

of professional societies, regional, or world conferences.

6) Make a concerted effort to identify all of the constraints that hinder 

implementation of mitigation strategies in the country (region, city, 

agency, institution) and identify ways to eliminate or minimize their 

impact. This strategy requires a study of the total process, summarized 

below:

In order to implement disaster mitigation strategies successfully, 

the COMMUNITY (people, institutions, or programs) requires 

INFORMATION (data, maps, and reports) produced by experts for use by 

the VARIED USER GROUPS IN THE COMMUNITY (scientists, engineers, 

architects, social scientists, emergency managers, and public 

officials). The success of implementation is controlled by the 

degree to which CONSTRAINT (political, legal, technological, 

economic, and social) are eliminated or minimized by CREATIVE 

ALTERNATIVES (partnerships, development of new technologies, cost 

reductions, social benefits, and special incentives). Each 

acceptable change in public policy is INSTITUTIONALIZED (legislation, 

ordinances, building codes, standard practices, and regulations).



7) Involve selected local experts in the training process so that the

students can become the "future teachers." Give them the visual aids.

8) Give lecture notes to the participants as a permanent record.

9) Provide a glossary of technical terms to facilitate communication.

10) Perform a critical evaluation of what happened. Use nonthreatening 

procedures to obtain feedback that will improve the process.

11) Incorporate the results of the critical evaluation in the future seminars 

so that strong points are always being improved and the weak points are 

avoided.

The following technical subjects should receive priority in training programs in 

the United States:

Making existing hazardous buildings safer.

- Making vital community lifelines and critical facilities safe. 

Siting dams, hospitals, and nuclear power plants.

- Developing earthquake-resistant design criteria and procedures.

- Developing hazards and risk maps.

- Transfering technology to less advanced region.

- Incorporating lessons learned from past earthquakes into design 

construction.
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PLANIFICACION DE MANEJO DE EMERGENCIAS 
Ccmentarios de Ing. Rath D. Carreras y/o Sr. Mariano Vargas del 
Departamento Recursos Naturales en el Tercer Taller Anual, sobre 
Riesgos Geologicos, celebrado en el Hotel Caribe Hilton, San Juan, 
Puerto Rico, el jueves 15 de mayo de 1986.

BUENAS TARDES.

ESTA TARDE ME PROPONGO HABLAR UN POCO SOBRE EL AMPLIO 

TEMA DE LA PLANIFICACION PARA EL MANEJO DE EMERGENCIAS EN 

PUERTO RICO. COMO ES DE CONOCIMIENTO DE TODOS LOS AQUI 

PRESENTES UN EVENT0 NATURAL, COMO LO ES UN TERREMOTO, 

REPRESENTA UNA AMENA2A SERIA PARA QUIENES RESIDEN EN AREAS 

SISMICAMENTE ACTIVAS. EN PUERTO RICO NOS ENCONTRAMOS, SEGUN 

HEMOS VISTQ, EN DICHA SITUACION.

LA FUNCION PRIMARIA DE UN GOBIERNO ES PROTEGER LA VI DA 

Y LA PROPIEDAD DE SUS CIUDADANOS. A TRAVES DE LA HISTORIA, 

SE HA INTENTADO ANTICIPAR LO INESPERADO CON EL PROPOSITO DE 

REDUCIR EL RIESGO A LA VI DA Y A LA SEGURIDAD DE LOS SERES 

HUMANOS QUE REPRESENTAN UNA DIVERSIDAD DE EVENTOS NATURALES. 

EL MANEJO DE LOS PELIGROS Y EMERGENCIAS OCASIONADOS POR 

ESTOS EVENTOS NATURALES <Y DE LOS CREADOS POR EL HOMBRE) HA 

TOMADO GRAN IMPORTANCIA EN LOS ULTIMOS AfiOS. SE FUNDAMENTA 

EN EL PRINCIPIO DE QUE EL HOMBRE NO PUEDE EVITAR LA 

OCURRENCIA DE UN FENOMENO NATURAL, NO OBSTANTE, PUEDE 

PREVENIR Y MITI GAR SUS CONSECUENCIAS. EL MANEJO DE PELIGROS 

("HAZARD MANAGEMENT") ES ENTONCES, LA ACTIVIDAD ORIENTADA A 

QUE LA SOCIEDAD SE INFORME ACERCA DE LOS PELIGROS, DECIDA 

COMO LIDIAR CON ELLOS E IMPLANTE MEDI DAS PARA CONTROLARLOS 0 

MITIGAR SUS CONSECUENCIAS.

EL MANEJO DE EMERGENCIAS HA SI DO DEFINIDO COMO EL 

PROCESO PARA LIDIAR CON UN EVENTO 0 DESASTRE CREADO POR LA
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NATURALE2A 0 POR EL HOMBRE. CUATRO FASES CLARAMENT^ 

DIFERENCIABLES E INTERRELACIONADAS MAN SI DO I DENTIFICADAS:

MITIGACION - PROCESO QUE NOS LLEUA A LA DECISION SOBRE 

QUE HACER DONDE HA SI DO IDENTIFICADO UN RIESGO A LA SALUD, 

SEGURIDAD 0 BIENESTAR DE LA SOCIEDAD. ES CUALQUIER ACCION 

TOMADA PARA ELIMINNAR PERMANENTEMENTE 0 REDUCIR EL RIESGO A 

LARGO PLA20 SOBRE LA VI DA Y LA PROPIEDAD POR EL EFECTO DE UN 

EVENT0 NATURAL 0 TECNOLOGICO.

PREPARACION - CONLLEVA EL DESARROLLO DE PLANES, 

PROGRAMAS DE ADIESTRAMIENTO Y ACCIONES A SER IMPLANTADAS CON 

ANTERIORI DAD A LA AMENA2A DE CUALQUIER PELIGRO POTENCIAL CON 

EL PROPOSITO DE ESTAR MEJOR PREPARADOS EN EL MOMENTO DE SU 

OCURRENCIA.

RESPUESTA - ES LA ACCION DE PROVEER ASISTENCIA Y AYUDA 

DE EMERGENCIA INMEDIATA ANTE LA INMINENCIA Y/0 OCURRENCIA DE 

UN DESASTRE.

RECUPERACION - CQNLLEVA LA ASISTENCIA 0 RESPUESTA 

DURANTE EL PERI ODD POSTERIOR AL EUENTO CON EL PROPOSITO DE 

RETORNAR A LA NORMALI DAD.

CONVIENE CLARIFICAR DOS TERMINOS QUE MUCHAS VECES 

UTILIZAMOS INDISTINTAMENTE:

PELIGRO (NUESTRA TRADUCCION DEL TERMING EN EL IDIOMA 

INGLES: HAZARD) EL CUAL DEFINIMOS EN FORMA GENERAL COMO LA 

AMENAZA A LOS SERES HUMANOS Y A AQUELLAS COSAS QUE ESTE 

VALORA, TALES COMO : LA VI DA, EL BIENESTAR Y EL AMBIENTE.



RIESGO (NUESTRA TRADUCCION DEL TERMING EN EL IDIOMA 

INGLES: RISK) EL CUAL MISUALIZAMOS COMO LA PROBABILIDAD DE 

QUE UN EUENTO EN PARTICULAR NOS LLEME A DETERMINADAS 

CONSECUENCIAS.

ES IMPORTANTE, ADEMAS, HACER UNA D1ST INCI ON ENTRE LAS 

FUNCIONES DE MITIGACION DE PELIGROS ("HAZARD MITIGATION") Y 

EL MANEJO DE EMERGENCIAS ("EMERGENCY MANAGEMENT") 

PROPIAMENTE.

LA MITIGACION DE PELIGROS UA DIRIGIDA A LIDIAR 

PRIMORDIALMENTE CON SITUACIONES EN EL LARGO PLAZO Y CON 

ACTIVIDADES DE CARACTER GENERAL PARA LA REDUCCION DE 

RIESGOS. PUNTUALIZA EN MEJORAR LA CAPACIDAD DE UNA SOCIEDAD 

0 COMUNIDAD PARA ENFRENTAR EVENTQS POTENCIALMENTE 

DESASTROSOS. CQNLLEVA UN PROCESO DE PLANIFICACION A LARGO 

PLAZO, EL DISEfiO DE UNA POLITICA PUBLICA Y LA IDENTIFICACION 

E IMPLANTACION DE ESTRATEGIAS. BUSCA ALCANZAR GENERALMENTE 

TRES METAS PRINCIPALES:

1- ALTERAR 0 MODIFICAR LA NATURALEZA 0 COMPORTAMIENTO DEL 

EVENTQ; GENERALMENTE A TRACES DE MEDI DAS ESTRUCTURALES.

2- MODIFICAR LA SUSCEPTIBILIDAD DEL HOMBRE ANTE EL EUENTQ 

CON EL PROPOSITO DE REDUCIR LA VULNERABI LI DAD A DAfiOS; 

GENERALMENTE PROTEGIENDO A LAS PERSONAS Y LAS PROPIEDADES EN 

EL AREA DE PELIGRO.

3- REDUCIR LA EXPOSICION AL PELIGRO; LIMITANDO EL USD DE 

AREAS PELIGROSAS A TRACES DEL USD DE HERRAMIENTAS TALES COMO 

LOS REGLAMENTOS PARA EL USD DE LA TIERRA.
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EL MANEJO DE EMERGENCE AS SE CONCENTRA PRIMORDIALMENTE 

EN LA FASE DE PREPARACION PREMIA Y ENTRA EN ACCION JUSTO 

ANTES 0 INMEDIATAMENTE DESPUES DE UN EVENTO 0 DESASTRE. 

PUNTUALIZA EN MEJORAR LAS OPERACIONES DE DESASTRE PROVEYENDO 

LA COORDINACION DE EMERGENCIA NECESARIA Y EN LA TOMA DE 

DECISIONES PARA LIDIAR CON LA SITUACION CREADA POR EL 

DESASTRE. ESTA FASE REQUIERE DESTREZAS TACTICAS EFECTIVAS, 

TALES COMO: COMUNICACION, COMANDO Y CONTROL.

AMBAS FUNCIONES FORMAN PARTE DE LA AGENDA DE UNA 

SOCIEDAD PARA LIDIAR CON DESASTRES Y ESTAN INTIMAMENTE 

RELACIONADAS, AUNQUE TIPICAMENTE OPERAN CON DIFERENTE 

PERSONAL Y METODOS. EN PUERTO RICO LA RESPONSABILIDAD 

PRIMARIA PARA EL MANEJO DE EMERGENCIAS RECAE SOBRE LA 

AGENCIA ESTATAL DE LA DEFENSA CIVIL <Y SOBRE ELLO NOS 

HABLARA EN MAS DETALLE EL SR. HERIBERTO ACEVEDO). LA 

RESPONSABILIDAD PRIMARIA SOBRE LA MITIGACION DE RIESGOS 

RECAE SOBRE LA AGENCIA QUE ESTA TARDE REPRESENTO: EL 

DEPARTAMENTO DE RECURSOS NATURALES.

RESULTA OBVIO QUE EL TIPO DE PELIGRO AFECTA LA 

SELECCION DE LAS METAS QUE HA DE TRATAR DE ALCANZAR LA 

MITIGACION. EN EL CASO DE EVENTOS NATURALES, LA MITIGACION 

BUSCA REDUCIR LOS DAffOS OCASIONADOS POR EL IMPACTO 

RECURRENTE DE ESTOS EVENTOS, ACTUANDO SOBRE LAS ESTRUCTURAS 

Y LAS ACTIVIDADES HUMANAS. ES OBVIO, ADEMAS, QUE EL TIPO DE 

EVENTO NATURAL JUEGA UN PAPEL DETERMINANTE EN LA ESTRATEGIA 

DE MITIGACION Y EL MANEJO DE LA EMERGENCIA. LA NATURALEZA DE 

LOS TERREMOTOS Y DE LOS CONOCIMIENTOS QUE SOBRE ELLOS



TENEMOS, AL PRESENTE, INFLUENCIAN EN GRAN MEDIDA NUESTRAS 

ACCIONES. EL ELEMENTO QUE MAS RESALTA ES EL HECHO DE QUE UN 

TERREMOTO ES UN EUENTO EN EL QUE NO SE PUEDE PRECISAR EL 

LUGAR, LA MAGNITUD Y EL MOMENTO DE SU OCURRENCIA CON 

ANTELACION AL MISMO. AUNQUE ALGUNOS TERREMOTOS MAN SI DO 

PREDICHOS POR LOS CIENTIFICOS Y SE MAN LOGRADO GRANDES 

ADELANTOS EN ESTE ASPECTO, AUN NO CONTAMOS CON UN SISTEMA 

CONFIABLE DE PREDICCION.

LA MITIGACION DE RIESGOS REQUIERE DE UN PROCESO DE 

PLANIFICACION A LARGO PLAZO EN EL QUE PUEDEN I DENTIFICARSE 

DIFERENTES FASES.

EL PROCESO DE PLANIFICACION COMIEN2A CON LA

IDENTIFICACION DE LOS PELIGROS GEOLOGICOS A LOS QUE ESTAMOS 

EXPUESTOS Y LA DETERMINACION DE LOS RIESGOS GEOLOGICOS 

ESPECIFICOS BASADOS EN DICHA IDENTIFICACION. LOS RESULTADOS 

OBTENIDOS CONSTITUYEN LA INFORMACION BASICA PARA EL 

ESTABLECIMIENTO DE LA POLITICA PUBLICA Y DEL DESARROLLO DE 

LOS ESCENARIOS NECESARIOS PARA PROPOSITOS DE PLANIFICACION.

LOS EXCELENTES TRABAJOS DE INVESTIGACION QUE MAN SI DO 

PRESENTADOS, EN ESTE Y ANTERIORES SEMINARI OS, MAN 

CONSTITUI DO UN GRAN ADELANTO EN LA IDENTIFICACION Y 

EVALUACION DEL PELIGRO AL QUE ESTA EXPUESTO NUESTRA ISLA. EL 

ESTUDIO DE VULNERABILIDAD SISMICA DEL AREA METROPOLITAN DE 

SAN JUAN, ELABORADO POR EL DR. JOSE MOLINELLI PARA NUESTRO 

DEPARTAMENTO, BAJO EL AUSPICIO DE LA AGENCIA FEDERAL PARA EL 

MANEJO DE EMERGENCIAS, ASI COMO LAS OBSERVACIONES, 

RECOMENDACIONES Y EL DESARROLLO POSTERIOR DE ESTUDIOS MAS

"57P



DETALLADOS, HAN SI DO DE 'v'ALIOSA AYUDA Y REPRESENT AN UN GRAN 

PASO DE ADELANTO EN EL PROCESO DE PLANIFICACION. LA 

IDENTIFICACION DE LOS PELIGROS GEOLOGICOS PRINCI PALES 

INDUCIDOS POR LOS TERREMOTQS: LA INTENSIFICACION DE LAS 

MIBRACIONES DEL TERRENO, LA LICUACION DE ARENAS Y LOS 

DESPLAZAMIENTOS LATERALES DEL TERRENO ASI COMO LA 

IDENTIFICACION DE LAS ZONAS SUSCEPTIBLES A ESTOS PELIGROS EN 

LOS MAPAS TOPOGRAFICOS DEL AREA METROPOLITANA DE SAN JUAN 

CONSTITUYEN UNA VALIQSA APORTACION HACIA LA META DEL 

ESTABLECIMIENTO DE UNA ZONIFICACION SISMICA EN PUERTO RICO. 

DE IGUAL MANERA, EL ESTUDIO DEL IMPACTO ECONOMICO DEL 

TERREMOTO DE DISEftQ SELECCIONADO EN EL ESTUDIO NOS DEMUESTRA 

QUE UN TERREMOTO DE DICHA INTENSIDAD TENDRIA UN EFECTO 

DEVASTADOR SOBRE LA ECONOMIA DEL AREA METROPOLITANA DE SAN 

JUAN Y EN CONSECUENCIA DE TODO PUERTO RICO.

EL PROXIMO PASO HA SI DO EL HACER EXTENSIVO ESTE 

ANALI SIS A OTRAS AREAS METROPOLITANAS TALES COMO: PONCE, 

ARECIBO Y AGUADILLA.

LA PROPUESTA DE REVISION Y ENMIENDA AL CODI GO DE 

EDIFICACION DE PUERTO RICO, ELABORADA POR LA COMISION DE 

TERREMOTOS DEL COLEGIO DE INGENIEROS Y AGRIMENSORES Y 

SOMETIDA POR LA ADMINISTRACION DE REGLAMENTOS Y PERMI SOS A 

UN PROCESO DE VISTAS PUBLICAS RECIENTEMENTE, HA DE 

CONSTITUIR UNA MUY EFICAZ ESTRATEGIA DE MITIGACION AL 

ADOPTARSE PROXIMAMENTE EL NUEVO REGLAMENTO. ES PRECISO HACER 

LA ACLARACION DE QUE LA ADOPCION DE UN NUEVO REGLAMENTO SOLO 

TIENE EFECTOS PRQSPECTIVQS Y REQUIERE, PARA QUE SEA
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EFECTIUQ, UN SEGUIMIENTO EFICAZ DE LA AGENCIAS REGULADORAS 

DEL ESTADO. TAMPOCO RESUEUv'E EL PROBLEMA DE LAS 

EDIFICACIONES EXISTENTES.

EL PROXIMO PASO DEL ANALI SIS DE UULNERABILI DAD LO 

CONSTITUYE EL ESTABLECIMIENTO DEL IMPACTO DEL TERREMOTO DE 

DISEfiQ SELECCIONADO EN LAS ESTRUCTURAS Y LA POBLACION. ELLO 

NOS PERMITIRA LA IDENTIFICACION DE UNOS ELEMENTOS MUY 

NECESARIOS PARA EL DESARROLLO DE UN PLAN DE ACCION DE 

EMERGENCIA EFECTIUQ. EL DEPARTAMENTO DE RECURSOS NATURALES, 

BAJO EL AUSPICIO DE LA AGENCIA FEDERAL PARA EL MANEJO DE 

EMERGENCIAS, SE ENCUENTRA EN EL PROCESO DE I DENTIFICAR LAS 

UNIDADES DE VIVIENDA, POBLACION Y ESTRUCTURAS DE SERUICIQ 

PRIMAR10 UBICADAS EN LAS AREAS I DENTIFICADAS DE ALTO RIESGO 

GEOLOGICO INDUCIDO POR UN TERREMOTO. ADEMAS, PROPONEMOS QUE 

SE LLEUE A CABO UNA DETERMINACION CIENTIFICA DE LOS DAffQS 

RESULTANTES ESPERADOS EN DIFERENTES TIPOS DE ESTRUCTURAS POR 

UN DETERMINADO NIUEL DE MOUIMIENTO DEL TERRENO DURANTE UN 

EVENT0 DE TERREMOTO. ADEMAS DE OBTENER UN ESTIMADO DE LOS 

DAffOS ESPERADOS EN LAS ESTRUCTURAS SELECCIONADAS, NOS PUEDE 

PERMITIR, MEDIANTE EL USD DE ALGUNAS CORRELACIONES 

ESTABLECIDAS, ESTIMAR EL NUMERO DE MUERTES Y HERIDOS.

POR ULTIMO, Y NO POR ELLO MENOS IMPORTANTE, SE 

ENCUENTRAN LAS ACTIVIDADES DE PREPARACION ("PREPAREDNESS"). 

UN ASPECTO DE VITAL IMPORTANCIA EN LA FASE DE PREPARACION ES 

EL CONCIENTIZAR A LA CIUDADANIA SOBRE LOS RIESGOS A QUE 

ESTAMOS EXPUESTOS Y ORIENTARLOS RESPECTO A LAS MEDI DAS QUE 

PUEDEN TOMAR COMO INDIVIDUOS PARA PROTEGERSE ELLOS Y SUS
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FAMILIAS DURANTE UN EVENT0 DE TERREMOTO. LOS TERREMOTOS EN 

MEXICO EN SEPTIEMBRE PASADO Y EL DERRUMBE EN MAMEYES, 

EVENTOS QUE MAN SI DO RESEF.ADOS Y EVALUADQS EN ESTE 

SEMINARIO, MAN ELEVADO EL NIVEL DE CONCIENCIA DE NUESTROS 

FUNCIONARIOS Y DE NUESTRO PUEBLO. AMBOS EVENTQS RECIBIERON 

UNA COBERTURA AMPLIA EN LOS MEDIOS NOTICIOSOS DEL PAIS Y 

CALARON MUY PROFUNDO EN LA CONCIENCIA Y LA SENSIBILI DAD DE 

LOS PUERTORRIQUEfiQS.

EL DEPARTAMENTO DE RECURSOS NATURALES ESTA EN EL 

PROCESO DE ELABORAR FOLLETOS INFQRMATIVQS CON EL PROPOSITO 

DE ORIENTAR ADECUADAMENTE A LA CIUDADANIA. UNO DE ELLOS VA 

DIRIGIDO ESPECIFICAMENTE A LOS ESTUDIANTES. LA DEFENSA CIVIL 

ESTATAL ESTA REALIZANDO ESFUERZOS SIMILARES ASI COMO OTROS 

DE VITAL IMPORTANCIA SOBRE LOS CUALES NOS HABLARA EN MAS 

DETALLE EL SEfiQR HERIBERTO ACEVEDQ.

CONCLUYENDO, MAN SI DO MUY IMPORTANTES Y MERITORIOS LOS 

ESFUERZOS DESARROLLADOS HASTA EL PRESENTE CON EL PROPOSITO 

DE PREPARARNOS MEJOR ANTE LA EVENTUALI DAD DE UN EVENTQ DE 

TERREMOTO DE GRAN MAGNITUD. AUN NOS QUEDA UN TRECHO LARGO 

POR RECORRER PARA EVITAR QUE ESTOS FENOMENOS NATURALES, EN 

LA MEDIDA DE NUESTRAS CAPACIDADES, SE CONVIERTAN EN DESATRES 

NATURALES. CON ESA AGENDA DE TRABAJO DEBEMOS ESTAR 

COMPROMETIDOS TODOS LOS AQUI PRESENTES. MUCHAS GRACIAS.
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STATUS OF PUERTO RICO BUILDING CODE
By

Mlguel Santiago
University of Puerto Rico
Mayaguez, Puerto Rico

INTRODUCTION

Puerto Rico is earthquake country. For thousands of years earthquakes have 

been relatively frequent in occurrence in this region. The last destructive 

earthquake occurred on October 11, 1918. It took 116 lives and caused 

$4 million in damages. Most buildings were made of unreinforced masonry which 

accounted for a large number of failures, especially on the west coast.

Building regulations were enacted in 1956 as the result of Act 168 of May 4, 

1949, which provided the adoption of such regulations. Seismic provisions at 

the time still stand to this date.

Part IV of the Building Regulations provides for . . . "such minimum 

requirements as are necessary to insure that the buildings will be designed to 

resist stresses due to horizontal forces caused by hurricane winds and by 

earthquakes." Only once, 1968, has the Puerto Rican Building Regulations been 

amended as the result of public hearings on May 20, 27, and July 3, 1966.

SEISMIC PROVISIONS FOR BUILDINGS

At present, according to the Code, ... "All buildings shall be designed and 

constructed to stand stresses produced by lateral forces at the level of the 

roof and each floor, as well as at ground level, resulting from Seismic 

Motion."

The minimum earthquake forces are calculated by formula (a) below or as the 

results of tests on scale models.

Eds. This paper is reprinted from Conference XXX,



V + K C W.. ...... .(a)

V = Base Shear

K = Coefficient dependent on the structural system used

C =
Tl/3

C = 0.05 for one or two story buildings

W = Weight of the structure 

T =.0±05H.........( C )
D l/2

H = Building height

D = Depth of building (perpendicular to lateral load)

The distribution of the total horizontal force is done according to formula

(d) below. When   is larger than five (5), a concentrated load equal to 10%
D 

of V is put at the top and the differences is distributed following formula

(d).

v Vx ............(d)F x =  =-   

' Wi h i

1=1

PROPOSED CHANGES

During three years, 1980 to 1983, a commission appointed by the President of 

the Institute of Engineers drafted a set of changes directed at improving the 

seismic design provisions of the Puerto Rico Building Regulations. The draft 

is still at rest at the Regulations and Permits Administration (ARPE by its 

Spanish name).

Engineers in private practice in Puerto Rico are aware of loop holes in 

present Building Regulations and provide in their designs the needed seismic 

load carrying capacity to modern buildings. This has not eliminated possible 

discrepancies in the designs of important buildings. There are cases where 

contractors, one known to this author, include by reference the present
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Building Regulations in their contracts resulting in adequate designs as per 

our present knowledge of seismic behavior of structures.

The proposed changes to the seismic design provisions of the Puerto Rico 

Building Regulations are based on the Uniform Building Code adapted to the 

Island.

Earthquake forces must be calculated by: 

V = Z I K C S W..........(a')

Z = 0.6, Seismic Zone Coefficient for Puerto Rico

I = Occupancy Importance Factor; Min. = 1.0, Max. = 1.5 

c _ i for T <_ 1 Sec.

"Tsr" ..........(b 1 )

c _ ! for T > 1 Sec.

2/3
T

value of C not to exceed 0.10

15 T

T = 0.35 hn3 / 4 for steel frames

T = 0.025 hn ' for concrete frames ......... ..(c 1 )

T = 0*05 \ for other buildings 
D l/2

S = Soil interaction factor which should not be less than 1.0 

In the absence of a soil investigations S should be taken as 1.5 

*The Product CS need not exceed 0.14.
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In the structures with a fundamental period of vibration in excess of 0.7 sec. 

a concentrated load equivalent to F = 0.07TV is added on the tip of the 

structure. This need not to exceed 0.25 V. The difference in total lateral 

forces is to be distributed to each floor level.

The proposed revisions also includes requirements for the P-Delta effects. 

Whenever the incremental factors, 0, exceed 0.10, the story drift, resisting 

moments, and shears should be increased correspondingly.

6 = PxD 
V h

X SX

CONCLUSION

The long awaited revisions to the seismic provisions of the Puerto Rico 

Building Regulations are badly needed. To keep the usefulness of many 

buildings after a major earthquake hits the Island, it is necessary to assess 

the risks of those designed under the present Regulations and bring them to 

meet the new proposed standards which are consistent with life and property 

preservation.
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APPENDIX A

GLOSSARY OF TERMS USED IN PROBABILISTIC EARTHQUAKE HAZARDS ASSESSMENTS

Accelerogram. The record from an accelerometer showing acceleration as a
function of time. The peak acceleration is the largest value of acceleration 
on the accelerogram.

Acceptable Risk. A probability of occurrences of social or economic consequences 
due to earthquakes that is sufficiently low (for example in comparison to 
other natural or manmade risks) as to be judged by appropriate authorities to 
represent a realistic basis for determining design requirements for 
engineered structures, or for taking certain social or economic actions.

Active fault. A fault is active if, because of its present tectonic setting, it 
can undergo movement from time to time in the immediate geologic future. 
This active state exists independently of the geologists' ability to 
recognize it. Geologists have used a number of characteristics to identify 
active faults, such as historic seismicity or surface faulting, geologically 
recent displacement inferred from topography or stratigraphy, or physical 
connection with an active fault. However, not enough is known of the 
behavior of faults to assure identification of all active faults by such 
characteristics. Selection of the criteria used to identify active faults 
for a particular purpose must be influenced by the consequences of fault 
movement on the engineering structures involved.

Asthenosphere. The worldwide layer below the lithosphere which is marked by low 
seismic wave velocities. It is a soft layer, probably partially molten.

Attenuation law. A description of the average behavior of one or more
characteristics of earthquake ground motion as a function of distance from 
the source of energy.

Attenuation. A decrease in seismic signal strength with distance which depends 
not only on geometrical spreading, but also may be related to the physical 
characteristics of the transmitting medium that cause absorption and 
scattering.

b-value. A parameter indicating the relative frequency of earthquakes of 
different sizes derived from historical seismicity data.

Capable fault. A fault along which future surface displacement is possible, 
especially during the lifetime of the engineering project under 
consideration.

Convection. A mechanism of heat transfer through a liquid in which hot material 
from the bottom rises because of its lesser density, while cool surface 
materials sinks.

Convergence Zone. A band along which moving plates collide and area is lost
either by shortening and crustal thickening or subduction and destruction of 
crust. The site of volcanism, earthquakes, trenches, and mountain building.
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Design earthquake. A specification of the ground motion at a site based on
integrated studies of historic seismicity and structural geology used for the 
earthquake-resistant design of a structure.

Design spectra. Spectra used in earthquake-resistant design which correlate with 
design earthquake ground motion values. Design spectra typically are smooth 
curves that take into account features peculiar to a geographic region and a 
particular site.

Design time history. One of a family of time histories used in earthquake- 
resistant design which produces a response spectrum enveloping the smooth 
design spectrum, for a selected value of damping.

Duration. A qualitative or quantitative description of the length of time during 
which ground motion at a site exhibits certain characteristics such as being 
equal to or exceeding a specified level of acceleration such as 0.05g.

Earthquake hazards. The probability that natural events accompanying an
earthquake such as ground shaking, ground failure, surface faulting, tectonic 
deformation, and inundation, which may cause damage and loss of life, will 
occur at a site during a specified exposure time. See earthquake risk.

Earthquake risk. The probability that social or economic consequences of 
earthquakes, expressed in dollars or casualties, will equal or exceed 
specified values at a site during a specified exposure time.

Earthquake waves. Elastic waves (P, S, Love, Rayleigh) propagating in the Earth, 
set in motion by faulting of a portion of the Earth.

Effective peak acceleration. The peak ground acceleration after the ground- 
motion record has been filtered to remove the very high frequencies that have 
little or no influence upon structural response.

Elastic rebound theory. A theory of fault movement and earthquake generation 
that holds that faults remain lock while strain energy accumulates in the 
rock, and then suddenly slip and release this energy.

Epicenter. The point on the Earth's surface vertically above the point where the 
first fault rupture and the first earthquake motion occur.

Exceedance probability. The probability (for example, 10 percent) over some
period of time that an event will generate a level of ground shaking greater 
than some specified level.

Exposure time. The period of time (for example, 50 years) that a structure is 
exposed to the earthquake threat. The exposure time is sometimes related to 
the design lifetime of the structure and is used in seismic risk 
calculations.

Fault. A fracture or fracture zone in the Earth along which displacement of the 
two sides relative to one another has occurred parallel to the fracture. See 
Active and Capable faults.
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Focal depth. The vertical distance between the hypocenter and the Earth's 
surface in an earthquake.

Ground motion. A general term including all aspects of motion; for example, 
particle acceleration, velocity, or displacement; stress and strain; 
duration; and spectral content generated by a nuclear explosion, an 
earthquake, or another energy source.

Intensity. A numerical index describing the effects of an earthquake on the
Earth's surface, on man, and on structures built by him. The scale in common 
use in the United States today is the Modified Mercalli scale of 1931 with 
intensity values indicated by Roman numerals from I to XII. The narrative 
descriptions of each intensity value are summarized below.

I. Not felt or, except rarely under especially favorable circumstances. 
Under certain conditions, at and outside the boundary of the area in 
which a great shock is felt: sometimes birds and animals reported 
uneasy or disturbed; sometimes dizziness or nausea experienced; 
sometimes trees, structures, liquids, bodies of water, may sway doors 
may swing, very slowly.

II. Felt indoors by few, especially on upper floors, or by sensitive, or 
nervous persons. Also, as in grade I, but often more noticeably: 
sometimes hanging objects may swing, especially when delicately 
suspended; sometimes trees, structures, liquids, bodies of water, may 
sway, doors may swing, very slowly; sometimes birds and animals reported 
uneasy or disturbed; sometimes dizziness or nausea experienced.

III. Felt indoors by several, motion usually rapid vibration. Sometimes not 
recognized to be an earthquake at first. Duration estimated in some 
cases. Vibration like that due to passing of light, or lightly loaded 
trucks, or heavy trucks some distance away. Hanging objects may swing 
slightly. Movements may be appreciable on upper levels of tall 
structures. Rocked standing motor cars slightly.

IV. Felt indoors by many, outdoors by few. Awakened few, especially light 
sleepers. Frightened no one, unless apprehensive from previous 
experience. Vibration like that due to passing of heavy or heavily 
loaded trucks. Sensation like heavy body of striking building or 
falling of heavy objects inside. Rattling of dishes, windows, doors; 
glassware and crockery clink or clash. Creaking of walls, frame, 
especially in the upper range of this grade. Hanging objects swung, in 
numerous instances. Disturbed liquids in open vessels slightly. Rocked 
standing motor cars noticeably.

V. Felt indoors by practially all, outdoors by many or most; outdoors
direction estimated. Awakened many or most. Frightened few slight 
excitement, a few ran outdoors. Buildings trembled throughout. Broke 
dishes and glassware to some extent. Cracked windows in some cases, 
but not generally. Overturned vases, small or unstable objects, in many 
instances, with occasional fall. Hanging objects, doors, swing 
generally or considerably. Knocked pictures against walls, or swung 
them out of place. Opened, or closed, doors and shutters abruptly. 
Pendulum clocks stopped, started or ran fast, or slow. Move small
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objects, furnishings, the latter to slight extent. Spilled liquids in 
small amounts from well-filled open containers. Trees and bushes shaken 
slightly.

VI. Felt by all, indoors and outdoors. Frightened many, excitement general, 
some alarm, many ran outdoors. Awakened all. Persons made to move 
unsteadily. Trees and bushes shaken slightly to moderately. Liquid set 
in strong motion. Small bells rang church, chapel, school, etc. 
Damage slight in poorly built buildings. Fall of plaster in small 
amount. Cracked plaster somewhat, especially fine cracks chimneys in 
some instances. Broke dishes, glassware, in considerable quantity, also 
some windows. Fall of knickknacks, books, pictures. Overturned 
furniture in many instances. Move furnishings of moderately heavy kind.

VII. Frightened all general alarm, all ran outdoors. Some, or many, found it 
difficult to stand. Noticed by persons driving motor cars. Trees and 
bushes shaken moderately to strongly. Waves on ponds, lakes, and 
running water. Water turbid from mud stirred up. Incaving to some 
extent of sand or gravel stream banks. Rang large church bells, etc. 
Suspended objects made to quiver. Damage negligible in buildings of 
good design and construction, slight to moderate in well-built ordinary 
buildings, considerable in poorly built or badly designed buildings, 
adobe houses, old walls (especially where laid up without mortar), 
spires, etc. Cracked chimneys to considerable extent, walls to some 
extent. Fall of plaster in considerable to large amount, also some 
stucco. Broke numerous windows and furniture to some extent. Shook 
down loosened brickwork and tiles. Broke weak chimneys at the roof-line 
(sometimes damaging roofs). Fall of cornices from towers and high 
buildings. Dislodged bricks and stones. Overturned heavy furniture, 
with damage from breaking. Damage considerable to concrete irrigation 
ditches.

VIII.Fright general alarm approaches panic. Disturbed persons driving 
motor cars. Trees shaken strongly branches and trunks broken off, 
especially palm trees. Ejected sand and mud in small amounts. 
Changes: temporary, permanent; in flow of springs and wells; dry wells 
renewed flow; in temperature of spring and well waters. Damage slight 
in structures (brick) built especially to withstand earthquakes. 
Considerable in ordinary substantial buildings, partial collapse, 
racked, tumbled down, wooden houses in some cases; threw out panel walls 
in frame structures, broke off decayed piling. Fall of walls, cracked, 
broke, solid stone walls seriously. Wet ground to some extent, also 
ground on steep slopes. Twisting, fall, of chimneys, columns, 
monuments, also factory stacks, towers. Moved conspicuously, 
overturned, very heavy furniture.

I.. Panic general. Cracked ground conspicuously. Damage considerable in 
(masonry) buildings, some collapse in large part; or wholly shifted 
frame buildings off foundations, racked frames; serious to reservoirs; 
underground pipes sometimes broken.

.. Cracked ground, especially when loose and wet, up to widths of several 
inches; fissures up to a yard in width ran parallel to canal and stream 
banks. Landslides considerable from river banks and steep coasts.
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Shifted sand and mud horizontally on beaches and flat land. Changes 
level of water in wells. Threw water on banks of canals, lakes, rivers, 
etc. Damage serious to dams, dikes, embankments. Severe to well-built 
wooden structures and bridges, some destroyed. Developed dangerous 
cracks in excellent brick walls. Destroyed most masonry and frame 
structures, also their foundations. Bent railroad rails slightly. Tore 
apart, or crushed endwise, pipelines buried in earth. Open cracks and 
broad wavy folds in cement pavements and asphalt road surfaces.

XI. Disturbances in ground many and widespread, varying with ground
material. Broad fissures, earth slumps, and land slips in soft, wet 
ground. Ejected water in large amounts charged with sand and mud. 
Caused sea-waves ("tidal" waves) of significant magnitude. Damage 
severe to wood-frame structures, especially near shock centers. Great 
to dams, dikes, embankments often for long distances. Few, if any 
(masonry) structures, remained standing. Destroyed large well-built 
bridges by the wrecking of supporting piers or pillars. Affected 
yielding wooden bridges less. Bent railroad rails greatly, and thrust 
them endwise. Put pipelines buried in each completely out of service.

XII. Damage total practically all works of construction damaged greatly or 
destroyed. Disturbances in ground great and varied, numerous shearing 
cracks. Landslides, falls of rock of significant character, slumping of 
river banks, etc., numerous and extensive. Wrenched loose, tore off, 
large rock masses. Fault slips in firm rock, with notable horizontal 
and vertical offset displacements. Water channels, surface and 
underground, disturbed and modified greatly. Dammed lakes, produced 
waterfalls, deflected rivers, etc. Waves seen on ground surfaces 
(actually seen, probably, in some cases). Distorted lines of sight and 
level. Threw objects upward into the air.

Liquefaction. Temporary transformation of unconsolidated materials into a fluid 
mass.

Lithosophere. The outer, rigid shell of the earth, situated above the 
asthenosphere containing the crust, continents, and plates.

Magnitude. A quantity characteristic of the total energy released by an 
earthquake, as contrasted to intensity that describes its effects at a 
particular place. Professor C. F. Richter devised the logarithmic scale for 
local magnitude (M^) in 1935. Magnitude is expressed in terms of the motion 
that would be measured by a standard type of seismograph located 100 km from 
the epicenter of an earthquake. Several other magnitude scales in addition 
to ML are in use; for example, body-wave magnitude (m^) and surface-wave 
magnitude (Mg ), which utilize body waves and surface waves, and local 
magnitude (M^). The scale is open ended, but the largest known earthquake 
have had M0 magnitudes near 8.9.

o

Mantle. The main bulk of earth between the crust and core, ranging from depths 
of about 40 to 2900 kilometers.

Mid-oceanridge  Characteristic type of plate boundary occurring in a divergence 
zone, a site where two plates are being pulled apart and new oceanic 
lithosphere is being created.
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Plate tectonics* The theory and study of plate formation, movement, interaction, 
and destruction.

Plate. One of the dozen or more segments of the lithosphere that are internally 
rigid and move independently over the interior, meeting in convergence zones 
and separating in divergence zones.

Region. A geographical area, surrounding and including the construction site, 
which is sufficiently large to contain all the geologic features related to 
the evaluation of earthquake hazards at the site.

Response spectrum. The peak response of a series of simple harmonic oscillators 
having different natural periods when subjected mathematically to a 
particular earthquake ground motion. The response spectrum may be plotted as 
a curve on tripartite logarithmic graph paper showing the variations of the 
peak spectral acceleration, displacement, and velocity of the oscillators as 
a function of vibration period and damping.

Return period. For ground shaking, return period denotes the average period of 
time or recurrence interval between events causing ground shaking that 
exceeds a particular level at a site; the reciprocal of annual probability of 
exceedance. A return period of 475 years means that, on the average, a 
particular level of ground motion will be exceeded once in 475 years.

Risk. See earthquake risk.

Rock. Any solid rock either at the surface or underlying soil having a shear- 
wave velocity 2,500 ft/sec (765 m/s) at small (0.0001 percent) strains.

Sea-floor spreading. The mechanism by which new sea floor crust is created at 
ridges in divergence zones and adjacent plates are moved apart to make room.

Seismic Microzoning. The division of a region into geographic areas having a 
similar relative response to a particular earthquake hazard (for example, 
ground shaking, surface fault rupture, etc.). Microzoning requires an 
integrated study of: 1) the frequency of earthquake occurrence in the 
region, 2) the source parameters and mechanics of faulting for historical and 
recent earthquakes affecting the region, 3) the filtering characteristics of 
the crust and mantle constituting the regional paths along which the seismic 
waves travel, and 4) the filtering characteristics of the near-surface column 
of rock and soil.

Seismic zone. A generally large area within which seismic design requirements 
for structures are uniform.

Seismotectonic province. A geographic area characterized by similarity of
geological structure and earthquake characteristics. The tectonic processes 
causing earthquakes have been identified in a seismotectonic province.

Source. The source of energy release causing an earthquake. The source is
characterized by one or more variables, for example, magnitude stress drop, 
seismic moment. Regions can be divided into areas having spatially 
homogeneous source characteristics.
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Strain. A quantity describing the exact deformation of each point in a body.
Roughly the change in a dimension or volume divided by the original dimension 
or volume.

Stress. A quantity describing the forces acting on each part of a body in units 
of force per unit area.

Strong motion. Ground motion of sufficient amplitude to be of engineering
interest in the evaluation of damage due to earthquakes or in earthquake- 
resistant design of structures.

Subduct ion zone. A dipping planar zone descending away from a trench and defined 
by high seismicity, interpreted as the shear zone between a sinking oceanic 
plate and an overriding plate.

Transform fault. A strike-slip fault connecting the ends of an offset in a mid- 
ocean ridge. Some pairs of plates slide past each other along transform 
faults.

Trench. A long and narrow deep trough in the sea floor; interpreted as marking 
the line along which a plate bends down into a subduction zone.

Triple junction. A point that is common to three plates and which must be the 
meeting place of three boundary features, such as convergence zones, 
divergence zones, or transform faults.
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APENDICE A

GLOSARIO DE TERMINOS PARA ANALISIS PROBABILISTICO 
DE LOS RIESGOS Y PELIGROS SISMICOS

ACELERACION NOMINAL 0 DE DISENO - Una especificacion de la aceleracion del 
terrene en un emplazamiento, terminos de un valor unico, tales como 
maximo o rms; utilizados para el diseno resistente a los terremotos 
de una estructura (como base para derivar un espectro de diseno). Vease 
"Historia cronologica de diseno".

CARGA DE DISENO SISMICO - la representacion prescrita (historia cronologica, 
espectro de respuestas o desplazamiento de la base estatica equivalente) 
de un movimiento sismico del terrene que se utilizara para el diseno 
de una estructura.

COEFICIENTE DE VARIACION - la razon de desviacion estandar de la media.

CUADRADO MEDIO - valor esperado del cuadrado de la variable aleatoria. 
(El cuadrado medio menos el cuadrado de la media da la variancia de 
la variable aleatoria.)

DANO - cualquier perdida econ6mica o destruccion ocasionada por los terre­ 
motos .

DESVIACION ESTANDAR - la raiz cuadrada de la variancia de una variable alea­ 
toria.

DURACION - una descripcion cualitativa o cuantitativa de la duracion de tiem- 
po en el que el movimiento de tierra en un emplazamiento presenta cier- 
tas caracteristicas (perceptibilidad, temblores violentos, etc.).

EFECTOS DE CARGA DE DISENO SISMICO - las acciones (fuerzas axiales, desliza- 
mientos o movimientos de flexi6n) y deformaciones inducidas en un siste- 
ma estructural debido a una representacion especifica (historia cronolo­ 
gica, espectro de respuestas o deslizamiento de la base) del movimiento 
de tierra de diseno sismico.

ELEMENTOS SUJETOS A RIESGO - poblacion, propiedades, actividades economicas, 
incluyendo los servicios publicos, etc., sujetos a riesgo en una deter- 
minada zona.

ESPECTRO DE DISENO - una serie de curvas para fines de diseno que proporcio- 
nan la velocidad de aceleracion o desplazamiento (de ordinario, la ace­ 
leracion absoluta, la velocidad relativa o el desplazamiento relative 
de una masa en vibracion) en funcion del periodo de vibracion y amorti- 
guacion.
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ESPECTRO DE RESPUESTAS - una serie de curvas calculadas a partir de un ace- 
lerografo sismico que proporciona valores de respuestas maximas de un 
oscilador lineal amortiguado, en funcion de su periodo de vibracion 
y amortiguacion.

ESPERADO - medio, promedio, previsto.
/

EVENTO NOMINAL 0 DE DISENO, EVENTO SISMICO NOMINAL 0 DE DISENO - una espe­ 
cif icacion de uno o mas parametros de fuentes de terremotos, y del lugar 
de la liberacion de la energia con respecto al punto de interes; se 
utiliza para el diseno resistente a terremotos de una estructura.

EVENTO SISMICO - la liberacion abrupta de energia en la litosfera terreste 
que ocasiona un terremoto.

EXPOSICION - La perdida econ6mica posible para todas las estructuras o al- 
gunas de ellas como resultado de uno o mas terremotos en una region. 
Este termino se refiere, de ordinario, al valor asegurado de las estruc­ 
turas que mantiene uno o mas aseguradores. Vease "Valor en riesgo".

FATJiA ACTIVA - una falla que, tomando como base la evidencia historica, 
sismologica o geologica, tiene una elevada probabilidad de producir 
un terremoto (Alternativa: una falla que puede producir un terremoto 
dentro de un periodo de tiempo de exposicion especificado, dadas las 
hipotesis adoptadas para un analisis especifico del riesgo sismico).

HISTORIA CRONOLOGICA DE DISENO - la variacion con el tiempo de movimiento
de tierra (por ejemplo, la aceleracion del terreno o velocidad o despla- 
zamiento) en un lugar; se utiliza para el diseno resistente a- terremotos 
de una estructura. Vease "Aceleracion nominal o de diseno",

INDICE DE ACTIVIDAD SISMICA - el numero medio por unidad de tiempo de terre­ 
motos con caracteristicas especificas (por ejemplo, magnitud > 6) que 
se origina en una falla o zona determinada.

INTENSIDAD - una medida cualitativa o cuantitativa de la gravedad de un movi­ 
miento sismico de tierra en un emplazamiento especifico (por ejemplo, 
intensidad Mercalli Modificada, intensidad Rossi-Forel, intensidad Es- 
pectral Houser, intensidad Arias, aceleracion maxima, etc.).

INTERVALO MEDIO DE INCIDENCIA, INTERVALO DE INCIDENCIA PROMEDIO - el tiempo 
promedio entre terremotos o eventos de falla con caracteristicas especi- 
ficas (por ejemplo, una magnitud de > 6) en una region especifica o 
en una zona de falla especifica.

LEY DE ATENUACION - una descripcion del comportamiento de una caracteristica 
del movimiento de tierra de un terremoto en funcion de la distancia 
de la fuente de energia.

LIMITE SUPERIOR - Vease "miximo posible".
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MAXIMO - el valor mayor logrado por una variable durante un tiempo de exposi- 
cion especificado. Vease "Valor maximo".

MAXIMO CREIBLE Estos terminos se utilizan para especificar el valor ma- 
MAXIMO ESPERABLE ximo de una variable, por ejemplo, la magnitud de un 
MAXIMO PREVISTO terremoto, que pudiera esperarse que ocurra razonablemen- 
MAXIMO PROBABLE te. En opinion del Comite, son terminos equivocos y no

se recomienda su uso. (El U.S. Geological Survey y algunos 
individuos y empresas definen el terremoto maximo creible 
como "el terremoto mayor que puede esperarse que ocurra 
razonablemente". La Oficina de Reclamacion, el Primer 
Grupo de Trabajo Interministerial (septiembre de 1978), 
definio el terremoto maximo creible como "el terremoto 
que ocasionaria el movimiento de tierra vibratorio mas 
agudo capaz de ser producido en el emplazamiento dentro 
del actual marco. tectonico conocido". - Es un evento que 
pueden apoyar todos los datos geologicos y sismologicos 
conocidos. El USGS define el terremoto maximo esperable 
o previsto como "el mayor terremoto que puede esperarse 
razonablemente que ocurra". El terremoto maximo probable 
es definido a veces como el peor terremoto historico. 
Como alternativa, es definido como el terremoto que se 
reproduce periodicamente cada 100 aiios o un terremoto que 
segun la determinacion probabilistica de incidencia ocu- 
rrira durante la vida de la estructura).

MAXIMO POSIBLE - el valor maximo posible para una variable. Sigue a una
hipotesis explicita de que no son posibles valores mas grandes, o impli- 
citamente a hipotesis en el sentido de que las variables o funciones 
relacionadas son limitadas en su alcance. El valor maximo posible puede 
expresarse determinista o probabilisticamente.

MICROZONA SISMICA - una zona generalmente pequena dentro de la que los re- 
quisitos de diseno sismico para las estructuras son uniformes. Las 
microzonas sismicas pueden presentar la amplificacion relativa del movi­ 
miento del terreno debido a condiciones locales del suelo sin especifi- 
car los niveles absolutes de movimiento o peligro sismico.

MICROZONACION SISMICA, MICROZONIFICACION SISMICA - el proceso de determinar 
la peligrosidad sismica absoluta o relativa en muchos emplazamientos, 
tomando en cuenta los efectos de la amplificacion geologica y topografi- 
ca del movimiento y de las microzonas sismicas. Como alternativa, la 
microzonacion es un proceso para identificar caracteristicas geologicas, 
sismologicas, hidrologicas y geotecnicas detalladas del emplazamiento 
en una region especifica e incorporarlas en la planificacion del uso 
de la tierra y el diseno de estructuras seguras a fin de reducir el 
dario a la vida humana y la propiedad como resultado de los terremotos.

MOVIMIENTO DE TIERRA ESPERADO - el valor medio de una o mas caracteristicas 
del movimiento de tierra en un emplazamiento para un terremoto dado 
(movimiento medio del terreno).
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PELIGRO GEOLOGICO - un proceso geologico (por ejemplo, corrimiento de tierra, 
suelos en licuefaccion, falla activa) que durante un terremoto u otro 
evento natural puede producir efectos adversos sobre las estructuras.

PELIGRO SISMICO - cualquier fenomeno fisico (por ejemplo, temblor de tierra, 
falla de tierra) asociado con un terremoto que puede producir efectos 
adversos sobre las actividades del hombre. . '

PERDIDA - cualquier consecuencia social o economics adversa ocasionada por 
uno o mas terremotos.

PERIODO DE RETORNO MEDIO - el tiempo promedio entre incidencias de movimien- 
tos de tierra con caracteristicas especificas (por ejemplo, aceleracion 
horizontal maxima > 0,1 g) en un emplazamiento. (Igual a la inversa 
de la probabilidad anual de superacion).

PROBABILIDAD DE SUPERACION - la probabilidad de que un nivel especifico de 
movimiento de tierra o consecuencias sociales o economicas especificas 
de los terremotos sean superados en el emplazamiento en una region du­ 
rante un tiempo de exposicion espeeifico.

RAIZ CUADRADA MEDIA (rms) - raiz cuadrada del valor cuadrado medio de una 
variable aleatoria.

RIESGO ACEPTABLE - probabilidad de consecuencias sociales o economicas debidas 
a terremotos que es suficientemente baja (por ejemplo, en comparacion 
con otros riesgos naturales o creados por el hombre), para que las auto- 
ridades pertinentes juzguen que representan un analisis pragmatico para 
determinar requisites de disefio para estructuras de ingenieria o para 
adoptar ciertas medidas sociales o economicas.

RIESGO SISMICO - la probabilidad de que las consecuencias sociales o econo­ 
micas de los terremotos sean iguales o superen valores especificos en 
un emplazamiento, en varies emplazamientos o en una zona durante un 
periodo de exposicion espeeifico.

TERREMOTO - un movimiento o vibracion repentino de la tierra ocasionado por 
la liberacion abrupta de energia en la litosfera terrestre. El movi­ 
miento de las ondas puede oscilar entre violento en algunos lugares 
e imperceptible en otros.

TERREMOTO NOMINAL 0 DE DISENO - una especificacion del movimiento sismico de 
tierra en un emplazamiento; se utiliza para el disefio resistente a los 
terremotos de una estructura.

TIEMPO DE EXPOSICION - el periodo cronologico de interes para calculos de 
riesgos sismicos, calculos de la peligrosidad sismica o disefio de es­ 
tructuras. Para las estructuras, el tiempo de exposicion se selecciona 
a menudo de forma que sea igual a la vida de disefio de la estructura.
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VALOR B - un parametro que indica la frecuencia relativa de incidencia de
terremotos de distintas magnitudes. Es la pendiente de una linea recta 
que indica. la frecuencia absoluta o relativa (trazada logaritmicamente) 
frente a la magnitud del terremoto o intensidad meisosismica Mercalli 
Modificada. (El valor B indica la pendiente de la relacion de periodi- 
cidad Gutenberg-Richter).

VALOR EN RIESGO - la perdida economica posible (asegurada o no) a todas las 
estructuras o cierto juego de estructuras como resultado de uno o mas 
terremotos en una region. Vease "Exposicion".

VALOR TOPE 0 MAXIMO - el valor maximo de una variable dependiente del tiempo 
durante un terremoto.

VARIABLE DE FUENTE - una variable que describe una caracteristica fisica
(por ejemplo, magnitud, descenso en esfuerzo, momento sismico, desplaza- 
miento) de la fuente de liberacion de la energia que ocasiona un terre­ 
moto.

VARIANCIA - la desviacion media al cuadrado de una variable aleatoria de 
su valor promedio.

VULNERABILIDAD - el grado de perdida a un elemento dado sujeto a riesgo, 
o una serie de esos elementos, como resultado de un terremoto de una 
determinada magnitud o intensidad, que de ordinario se expresa en una 
escala de 0 (sin daiio) a 10 (perdida total).

ZONA DE DISENO SISMICO - zona slsmica.

ZONA SISMOGENAS - un termino anticuado. Vease "Zona sismogenica" 
y "Zona sismotectonica".

ZONA DE RIESGOS SISMICOS - un termino anticuado. Vease "Zonas sismicas".

ZONA SISMICA - una zona generalmente grande dentro de la cual los requisi­ 
tes de diseiio sismico para las estructuras son constantes.

ZONA SISMOGENICA, PROVINCIA SISMOGENICA - una representacion planar de un 
ambiente de tres dimensiones en la litosfera terrestre en el que se 
infiere que los terremotos tendran un origen tectonico analogo. Una 
zona sismogenica puede representar una falla en la litosfera terrestre. 
Vease "Zona sismotectonica".

ZONA SISMOTECTONICA, PROVINCIA SISMOTECTONICA - una zona sismogenica en la
que se nan identificado los procesos tectonicos que ocasionan los terre­ 
motos. Estas zonas son, de ordinario, zonas de falla.

ZONACION SISMICA, ZONIFICACION SISMICA - el proceso de detenninar la peligro- 
sidad sisraica en muchos emplazanri entos para fines de delineacion de 
zonas sismicas.

ZONACION SISMOGENICA - el proceso de delinear regiones que tienen un caracter 
tectonico y geologico casi homogeneo, para los fines de trazar zonas 
sismogenicas. Los procedimientos especificos utilizados dependen de 
las hipotesis y modelos matematicos empleados en el analisis de riesgo 
sismico y el analisis de peligrosidad sismica.
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APPENDIX B

STATION

Arecibo
Electrical Service Cntr

Humacao
Switchyard

Mayaguez
Airport Sewage Plant

Ponce
Cerrillos Damsite 
Downstream

San Juan
Capacete - Martin Co. 
Office Building

San Juan
Mini 11 as Govt Center 
17th Floor 
Basement

San Juan
Port Authority

San Juan
V.A. Hospital

G-MOTION ACCELEROGRAPH STATIONS 
IN PUERTO RICO, APRIL 1986

INSTRUMENT

SMA-2221

SMA-2223

SMA-1729

SMA-3959

SMA-1223

SMA-1219 
SMA-1232

SMA-1218

SMA-846

COORDINATES

18.48°N 
66.64°W

18.15°N 
65.82°W

18.26°N 
67.15°W

18.08°N 
66.58°W

18.4TN 
66.10°W

18.45°N 
66.07°W

18.46°N 
66.09°W

18.41°N 
66.09°W

OWNER*

PRWR

PRWR

FOPR

COE

CIAA

CIAA

CIAA

VA

COMMENTS

Ground Level

Ground Level

Ground Level

Ground Level

Ground Level

Minimal
Structural
Instrumentation

Ground Level

Basement

*CIAA Colegio de Ingenieros Arquitectos y Agrimentores de Puerto Rico
COE Corps of Engineers
FOPR Fomento Puerto Rico Industrial Development Corporation
PRWR Puerto Rico Water Resources Authority
VA Veterans Administration
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APPENDIX C 

FEMA'S EARTHQUAKE HAZARDS REDUCTION PUBLICATIONS

Since 1985, FEMA has developed the Earthquake Hazards Reduction Series to 
assist local governments in their efforts to improve earthquake preparedness, 
response, and mitigation. These publications have been widely disseminated at 
conferences, workshops, and through mailings. They are available from FEMA 
headquarters in Washington, D.C.. They are comprehensive in scope and include 
the following titles:

Reducing the Risks of Nonstructural Earthquake Damage: A Practical 
Guide, Earthquake Hazards Reduction Series 1 (1985).

  Comprehensive Earthquake Preparedness Planning Guidelines: City, 
Earthquake Hazards Reduction Series 2 (1985).

  Comprehensive Earthquake Preparedness Planning Guidelines: County, 
Earthquake Hazards Reduction Series 3 (1985).

  Comprehensive Earthquake Preparedness Planning Guidelines: Corporate, 
Earthquake Hazards Reduction Series 4 (1985).

Earthquake Preparedness Information for People with Disabilities: 
Earthquake Hazards Reduction Series 5 (1985).

Pilot Project for Earthquake Hazard Assessment, Earthquake Hazards 
Reduction Series 6 (1985).

Earthquake Insurance: A Public Policy Dilemma, Earthquake Hazards 
Reduction Series 7 (1985).

Earthquake Public Information Materials: An Annotated Bibliography, 
Earthquake Hazards Reduction Series 8 (1985).

 - Societal Implications: A Community Handbook, Earthquake Hazards 
Reduction Series 13 (1985).

  Societal Implications: Selected Readings, Earthquake Hazards Reduction 
Series 14 (1985).

  Proceedings: Workshop on Reducing Seismic Hazards to Existing Buildings, 
Earthquake Hazards Reduction Series 15 (1985).

  An Action Plan for Reducing Earthquake Hazards of Existing Buildings, 
Earthquake Hazards Reduction Series 16 (1985).

NEHRP Recommended Provisions fro the Development of Seismic Regulations 
for New Buildings: Part 1: Provisions and Part 2: Commentary: 
Earthquake Hazards Reduction Series 17 and 18 (1986).

  State and Local Earthquake Hazards Reduction: Implementation of FEMA 
Funding and Support, Civil Preparedness Guide 2 (1985).
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APPENDIX D

PARTICIPANT LIST FOR
WORKSHOP ON "ASSESSMENT OF GEOLOGIC HAZARDS AND RISK IN PUERTO RICO

CARIBE HILTON, SAN JUAN, PUERTO RICO
MAY 14-16, 1986

Lcda. Zenaida Acosta
Department of Natural Resources
Box 5887
Puerta de Tierra
San Juan, Puerto Rico 00906

Angel M. Adorno Castro 
Puerto Rico Telephone Company 
Ave. Roosevelt 1500 - Pi so 12 
G.P.O. 998 
San Juan, Puerto Rico 00936

Ramon Alonso
Department of Natural Resources
Box 5887
Puerta de Tierra
San Juan, Puerto Rico 00906

Ameli a Arbona
Department of Housing
10 M. A. 606 Barbosa Avenue
Hato Rey, Puerto Rico 00909

Sonia Arbona
Department of Natural Resources
Box 5887
Puerta de Tierra
San Juan, Puerto Rico 00906

Jose A. Berrios
Department of Natural Resources
Box 5887
Puerta de Tierra
San Juan, Puerto Rico 00906

Lui s M. Berrios
Puerto Rican-American Insurance Company
P.O. Box St. 112
San Juan, Puerto Rico 00902

Nellie Betancourt Aponte 
606 Barbosa Avenue 
Department of Housing 
Hato Rey, Puerto Rico 00909

Luis E. Biaggi Balbuena 
Puerto Rico Planning Board 
Minillas Station, Box 41119 
Santurce, Puerto Rico 00940-9985

Juan A. Bonnet, Jr.
Center for Energy and Environment Research
G.P.O. Box 3682
San Juan, Puerto Rico 00936

J. M. Canaan
Puerto Rico Electric Power Authority
Eng. Division
GPO Box 4267
San Juan, Puerto Rico 00936

Cesar S. Canals
Principal-Cesar S. Canals Associates
Consulting Engineers
P.O. Box 13931
Santurce, Puerto Rico 00908

Alejandro Candelario
Department of Natural Resources
Box 5887
Puerta de Tierra
San Juan, Puerto Rico 00906

Ruth M. Carrerass
Department of Natural Resources
Box 5887
Puerta de Tierra
San Juan, Puerto Rico 00906

Hector Cruz
Department of Natural Resources
Box 5887
Puerta de Tierra
San Juan, Puerto Rico 00906

Jose A. Delgado Rodriquez 
State Civil Defense Agency 
Box 5127, Pta. de Tierra Station 
San Juan, Puerto Rico 00906
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Nicoli no Libeostore
Department of Natural Resources
Box 5887
Puerta de Tierra
San Juan, Puerto Rico 00906

Victor M. Marquez Aponte 
Puerto Rico Highway Authority 
Centre Mini!las 
Santruce, Puerto Rico

Gustavo Martinez 
Professional Underwriters

Insurance Company 
R. H. Todd # 500 
G.P.O. Box 4744 
San Juan, Puerto Rico 00936

Jose A. Martinez Crusado
University of Puerto Rico
Mayaguez Campus
G.P.O. Box 1381
Mayaguez, Puerto Rico 00709

Wil li am R. McCann
Lament-Done rty Geological Observatory
Route 9W
Palisades, New York 10964

Alvaro Morales 
Environmental Quality Board 
Box 11488 
Santurce, Puerto Rico 00910

Herman Muniz Santi
Department de Terrenos y Edificios
University of Puerto Rico
Apartado AO, UPR Station
Rio Piedras, Puerto Rico 00936

Bori s Oxman
Department of Natural Resources
Box 5887
Puerta de Tierra
San Juan, Puerto Rico 00906

Hector Padilla
Department of Natural Resources
Box 5887
Puerta de Tierra
San Juan, Puerto Rico 00906

Rosalyn Panet
Department of Natural Resources
Box 5887
Puerta de Tierra
San Juan, Puerto Rico 00906

Francisco Pumarejo
Department of Housing
606 Barbosa Avenue
Hato Rey, Puerto Rico 00909

Nestor R. Ramiez Ortiz 
Public Building Authority 
Box 40143 Mi nil las Station 
Santurce, Puerto Rico 00940

Angel L. Rivera 
Department of Consumer Affairs 
Box 41059, Mi nil las Station 
Santurce, Puerto Rico 00940

Dani el a Rocha
Oficina de planificacion y Desarralla
Universidad de Puerto Rico
Box 21926 UPR Station
Rio Piedras, Puerto Rico 00936

Jose Rodriquez
Puerto Rico Turta de Planificacion

Planni ng Board
Ceatro Gabernanental Mi nil las 
Santurce Puerto Rico

Eng. Gamalier
Rodriquez Mercado
Municipality of Cagus
Box 907
Caguas, Puerto Rico 00625

Enrique Ruiz Miranda, P.E. 
President-Colegio de Ingenieros y

Agrimensores de Puerto Rico 
Apartado 3845 
San Juan, Puerto Rico 00936

Victor A. Santi ago
Inter American University of Puerto Rico
G. P. 0. Box 3255
San Juan, Puerto Rico 00936

David Schwartz
U.S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, California 94025
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Bernardo Deschapelles 
Molina, Garcia & Associates 
G. P. 0. 4167 
San Juan, Puerto Rico 00936

Samuel I. Di az Hernandez
Structural Consultant
Santa Angela 1634
Sagrado Corazon
Rio Piedras, Puerto Rico 00926

Luis E. Diaz-Hernandez
Catholic University of Puerto Rico
History Department
Ponce, Pureto Rico 00732

A. Rosa Fernandez-Munoz
Insurance Broker
P.O. Box 13535
Santurce, Puerto Rico 00908

Oetavio Franco
Department of Natural Resources
Box 5887
Puerta de Tierra
San Juan, Puerto Rico 00906

Manuel Garci a Mori n
Inter American University of Puerto Rico
Office of the President
G.P.O. Box 3255
San Juan, Puerto Rico 00936

Odniel Gonzalez
Highway Authority
Head, Soils Engineering Office
#155 Barbosa Avenue
Hato Rey, Puerto Rico 00918

Hildelisa Gonzalez
Department of Natural Resources
Box 5887
Puerta de Tierra
San Juan, Puerto Rico 00906

Jose E. Gonzalez Jr.
Antilles Insurance Company
P.O. Box 3507
Old San Juan
San Juan, Puerto Rico 00904

Paula L. Gori 
U.S. Geological Survey 
905 National Center 
Res ton, Virginia 22092

Andrea Hagler
Department of Natural Resources
Box 5887
Puerta de Tierra
San Juan, Puerto Rico 00906

Walter W. Hays 
U.S. Geological Survey 
905 National Center 
Reston, Virginia 22092

Jorge Hidalgo
Jorge Hidalgo & Associates 
P.O. Box 11506 Caparra Station 
San Juan, Puerto Rico 00922

Randal 1 W. Jibson 
U.S. Geological Survey 
922 National Center 
Reston, Virginia 22092

Rafael Jimenez - Perez 
Univeristy of Mayaguez 
Mayaguez, Puerto Rico 00708

James Joyce 
Department of Geology 
Univeristy of Puerto Rico 
Mayaguez, Puerto Rico 00708

Carl a J. Kitzmil ler 
U.S. Geological Survey 
905 National Center 
Reston, Virginia 22092

Richard W. Krimm
Federal Emergency Management Agency
500 C Street, S.W.
Washington, D.C. 20470

Jose G. Lebron
Oficina de planificacion y Desarralla
Universidad de Puerto Rico
box 21926 UPR Station
Rio Piedras, Puerto Rico 00936
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Robert A. Shuman
Box 1393
Hato Rey, Puerto Rico 00919

Alejandro E. Soto 
Department of Geology 
University of Puerto Rico-Mayaguez 
Department Geologia - RUM 
Mayaguez, Puerto Rico 00708

Rafael Tihinez Perez 
Department of Ingenieria Civil 
University of Puerto Rico 
Mayaguez Campus, Puerto Rico

Elba I. Torres
Puerto Rico Highway Authority
Calle Rio Caguitas 1-2
Riohondo
Bayamon, Puerto Rico 00619

Mariano Vargas
Department of Natural Resources
Box 5887
Puerta de Tierra
San Juan, Puerto Rico 00906

William Vazquez
Metmor Financial, Inc.
Carribbean Division
431 Ponce de Leon Avenue
Hato Rey, Puerto Rico 00917

Eng. Eduardo Veguilla 
Municipality of Caguas 
Box 907 
Caguas, Puerto Rico 00626

Santini Victarm
Departmento vivienda
606 Barboso Avenue
Hato Rey
Rio Piedras, Puerto Rico 00909

Maribel del Toro
Department of Natural Resources
Box 5887
Puerta de Tierra
San Juan, Puerto Rico 00906

Genaro del Val le
Secretario de la Viviendo
Department of Housing
606 Barbosa Avenue
Hato Rey, Puerto Rico 00909

Dr. Hermenegildo Ortiz 
Graduate School of Planning 
University of Puerto Rico 
Rio Piedras, Puerto Rico 00928

Dr. Fernando Zalacain
Econometric Systems
Gardenia CC-29
Borinquen Gardens
Rio Piedras, Puerto Rico 00926

Miguel Santiago 
University of Puerto Rico 
Mayaguez, Puerto Rico 00709

Dr. Miguel Santiago 
University of Puerto Rico 
Box 5089 College Station 
Mayaguez, Puerto Rico 00708

Alejandro Santiago Nieves
Department of Natural Resources
Box 5887
Puerta de Tierra
San Juan, Puerto Rico 00906

Mr. Carlos Rodriguez Molina
Soil Testing Inc.
P.O. Box 3967
San Juan, Puerto Rico 00936
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CONFERENCES TO DATE

Conference I 

Conference II

Conference III 

Conference IV

Conference V 

Conference VI

Conference VII

Conference VIII 

Conference IX

Conference X

Conference XI 

Conference XII 

Conference XIII 

Conference XIV 

Conference XV

Conference XVI

Conference XVII 

Conference XVIII

Conference XIX 

Conference XX

Abnormal Animal Behavior Prior to Earthquakes, I
Not Open-Filed

Experimental Studies of Rock Friction with Application 
to Earthquake Prediction

Not Open-Filed 
Fault Mechanics and Its Relation to Earthquake Prediction

Open-File No. 78-380
Use of Volunteers in the Earthquake Hazards Reduction 
Program

Open-File No. 78-336 
Communicating Earthquake Hazard Reduction Information

Open-File No. 78-933
Methodology for Identifying Seismic Gaps and Soon-to- 
Break Gaps

Open-File No. 78-943
Stress and Strain Measurements Related to Earthquake 
Prediction

Open-File No. 79-370 
Analysis of Actual Fault Zones in Bedrock

Open-File No. 79-1239
Magnitude of Deviatoric Stresses in the Earth's Crust 
and Upper Mantle

Open-File No. 80-625
Earthquake Hazards Along the Wasatch and Sierra-Nevada 
Frontal Fault Zones

Open-File No. 80-801 
Abnormal Animal Behavior Prior to Earthquakes, II

Open-File No. 80-453 
Earthquake Prediction Information

Open-File No. 80-843 
Evaluation of Regional Seismic Hazards and Risk

Open-File No. 81-437 
Earthquake Hazards of the Puget Sound Region, Washington

Open-File No. 83-19
A Workshop on "Preparing for and Responding to a 
Damaging Earthquake in the Eastern United States"

Open-File No. 82-220
The Dynamic Characteristics of Faulting Inferred from 
Recording of Strong Ground Motion

Open-File No. 82-591 
Hydraulic Fracturing Stress Measurements

Open-File No. 82-1075
A Workshop on "Continuing Actions to Reduce Losses from 
Earthquakes in the Mississippi Valley Area

Open-File No. 83-157
Active Tectonic and Magmatic Processes Beneath Long Valley 
Caldera, Eastern California

Open-File No. 84-939
A Workshop on "The 1886 Charleston, South Carolina, 
Earthquake and its Implications for Today"

Open-File No. 83-843
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Conference XXI 

Conference XXII 

Conference XXIII

Conference XXIV 

Conference XXV

Conference XXVI

Conference XXVII 

Conference XXVIII 

Conference XXIX

Conference XXX 

Conference XXXI 

Conference XXXII 

Conference XXXIII

Conference XXXIV 

Conference XXXV

Conference XXXVI

A Workshop on "Continuing Actions to Reduce Potential 
Losses from Future Earthquakes in the Northeastern 
United States"

Open-File No. 83-844
A Workshop on "Site-Specific Effects of Soil and Rock on 
Ground Motion and the Implications for Earthquake- 
Resistant Design"

Open-File No. 83-845
A Workshop on "Continuing Actions to Reduce Potential 
Losses from Future Earthquakes in Arkansas and Nearby 
States"

Open-File No. 83-846 
A Workshop on "Geologic Hazards in Puerto Rico"

Open-File No. 84-761 
A Workshop on "Earthquake Hazards in the Virgin Islands

Region"
Open-File No. 84-762

A Workshop on "Evaluation of the Regional and Urban 
Earthquake Hazards in Utah"

Open-File No. 84-763 
Mechanics of the May 2, 1983 Coalinga Earthquake

Open-File No. 85-44 
A Workshop on "The Borah Peak, Idaho, Earthquake"

Open-File No. 85-290 
A Workshop on "Continuing Actions to Reduce Potential

Losses from Future Earthquakes in New York and Nearby
States"
Open-File No. 85-386

A Workshop on "Reducing Potential Losses From Earthquake 
Hazards in Puerto Rico

Open File No. 85-731
A Workshop on "Evaluation of Regional and Urban Earthquake 
Hazards and Risk in Alaska"

Open File No. 86-79
A Conference on "Future Directions in Evaluating 
Earthquake Hazards of Southern California"

Open-File No. 86-401
A Workshop on "Earthquake Hazards in the Puget Sound, 
Washington Area"

Open-File No. 86-253 
A Workshop on "Probabilistic Earthquake-Hazards Assessments'

Open-File No 86-185
A Workshop on "Earth Science Considerations for Earthquake 
Hazards Reduction in the Central United States"

Open-File Report 86-425
A Workshop on "Assessment of Geologic Hazards and Risk in 
Puerto Rico"

Open-File Report 87-008

For information on ordering the above publications, please contact:
U.S. Geological Survey, Books and Open-File Reports Service Section, Federal
Center, Building 41, Box 25425, Federal Center, Denver, Colorado 80225
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