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Introduction

This report was written following the visit of the author to
Mexico from 15 March 1977 to 16 April 1977.

From a Canadian point of view the purpose of the visit was to
permit C.I.D.A, to be in a position to make a critical assessment of
proposed cooperative aid projects in which Cénada and Mexico would
supply a comprehensive highly automated earthquake monitoring network
to the Central American Republics and to other eligible countries in
South America.

As a part of the assignment the author was asked by the Director
of The Institute of Applied Mathematics and Systems (IIMAS) of the
Autonomous University of Mexico (UNAM) to report his findings during
the visit. Rather than repeat much of the same material, that report
is attached to, aﬁd forms a part of the present report.

In addition a copy of the OAS resolution regarding a Seismological
Network for Central America is attached to this report. It includes
the terms of reference for the committee which is to make recommendatiéns

on the facilitiles that might satisfy the requirement.

A review of my report of 14 April 1977

The numbers below refer to the attached report. In sections one
and two the background of seismological study in Mexico is described
and should be of general interest. In particular section 2.1 mentions

some of the persong involved in the project.



Section three lists the objectives that were established for the
system and recommends that the time is apprspriate for a general review
of the current work program which would probably lead to some adjustments
in priorities. I should add that there exists considerable scope for
interdisiplinary jurisdictional disputes with regard to seismological'
data collection and analysis.

Section four is a point by point review of the present project
status and includes a technical discussion of problem areas, or areas
where several options ;s to future development exist. Because of the
technical detail in this section, most of it is not relevant to this
report. However, I can éummarize the more relevant points of this
section in a few lines.

1. The detail of the overall system design requires more

attention and effort.

2. The communications facilities should be recognized as a major
part of the system, and as such require the attention of all
levels of management in ensuring that facilities are made
available as soon as possible and which, after installation,
are adequately maintained.

3. That more attention be devoted to ensuring the timely order
and delivery of sub-system components.

4. That the digital system design is receiving adequate attention
and has few problems.

5. That more attention should be devoted to the sensor-analogue-

digital interface.



Summarizing, I believe the project team has sufficient technical
expertise in the academic sense, but it is lacking both experience in

Seismological Instrumentation and in Project Management.

An examination of methods of supplying RESMAC technology to third countries

Notwithstanding the fact thét RESMAC Has not been demonstrated
as an operational system, Dr. Cinna Lomnitz, the Project Coordinator,
has been actively promqting the system in Central and South America.

As a consequence of the P.A.I.T. meeting, Dr. Lomnitz saw Canada as a
source of funding for future RESMAC systems in "tripartite" arrangements
with a third country. In this scheme Mexico would supply the technology
and the Outstation hardware. Canada would supply the E.D.P. equipment

in the form of PDP1l minicomputers, valued at about $100K. Since these
computers are manufactured by Digital Equipment Corporation and are perhaps
only ~ assembled in Canada, I am not sure to what-extent.this could

be regarded as Canadian content (as opposed to U.S. content).

In considering the manufacture of Outstations it should be note&
that the University does have a prototype printed circuit manufacturing
facility, however, the examples I have seen of equipment made in this
facility are not to accepted manufacturing standards of workmanship
even though they do work. I should also point out that the University
does not have available to it the services which are a part of any
manufacturiﬂg operation such as sales, contract adﬁinistration, assembly,
test, technical literature and test procedures, operation manuals,
spare parts and other after sales services. Perhaps this would be a
role for Canadian or Mexican industry, in which case the concept of

technology transfer is involved.



Recommendations regarding cooperative projects

Based on the present status and arguments in this report, I
believe it is premature to seriously consider any cooperative projects
involving RESMAC. Canada (and other countries) should wait until there
is a minimum of six months demonstrated operational experience of RESMAC
before making any kind of commitmeht. There is scope for further
examination of the kind of cooperation that would be mutually acceptable

to all the parties that would be involved.

A further comment on the RESMAC approach to the study of seismicity in
underdeveloped contries

Seismologists in Canada and elsewhere have expressed doubts as
to whether the RESMAC technology is the most appropriate solution to the
problem of creatipg and maintéining a viable and‘reliable national
seismograph network. RESMAC employs state of the a?t electronics
technology wifh digital transmission of data to a central &igital
computer. It is thus a highly centralized high technology project.
Other approaches using somewhat less sophisticated frequency division
multiplex of analogue FM transmission have been successfully employed,
notably in the Californian Regional Network. Certainly the conventional
Mexican Photographic Seismograph Network has been a dismal failure.
This has been attributed to the difficulty in maintaining a sufficient
level of interest gy seismograph station operators in a widely dispersed
network and is aggravated by the principle of tenure and the lack of
any native ability of operators to tinker in order to make things work.

By contrast the centralized system is deliberately made sophisticated,
utilizing the theory that interest increases With sophistication and hence

it becomes feasible to attract and keep motivated a team of technological



specialists at a central location. I have discussed this concept with
a noted seismologist of international reputation, James A. Brune, of
the University of California, San Diego. He has had as much experience
as any foreign seismologist of prevailing conditions in Mexico, and was
originally in favour of simplicity in a seismograph network. However,
simplicity by North American standérds is soﬁhistication at the village
level in Mexico. He is now having "second thoughts” and having observed
the high motivation in the RESMAC project team will concede that the
high technology concept warrants testing. In Mexico the choice of an
all digital system was made two years ago and is.fait accompli. In any
third country the FM analogue system could be considered a viable
alternative. Several U.S. companies can supply most of the equipment
required from their established product lines. To my knowledge, no
company is offering off-the-shelf digital telemetry systems. Presumably
the Mexican interest is in promoting Mexican technology which is digital.
Would Canada promote FM systems utilizing U.S. technology and hardware?
The Earth Physics Branch has also developed and successfully used
the digital technology similar to that being developed in Mexico. The
Canadian stations have been operational since 1974 and present plans
call for significant expansion during 1978. This technology could be

transferred to a Canadian Company by a licensing agreement through CP&D.

International contacts which have been made by Mexico

The following are notes of a conversation between C. Lomnitz

and the author.



Columbia

C. Lomnitz has had discussions with Jesus Emilio Ramirez, Director,
Instituto Geofisico de los Andes and with Mr. Camil Coté, 2nd Secretary
of the Canadian Embassy in Bogota. Apparently, Mr. Coté thought that
a RESMAC system for Columbia would be a good opportunity to try out é
"tripartite'" approach in cooperati&e aid. A-budget of the order of $250K-
$500K was mentioned. Mexico would supply the technology, system design
and assistance in training. Canada would provide the funding and the

computer equipment. Columbia would assemble the hardware.

Central America

An 0.A.S. resolution has been passed in favour of a Central
American Seismograph Network and the 0.A.S. has agreed to fund a
feasibility study.to be started in October 77. The team on the study would
include Dr. Lomnitz, Gary Latham, University of Texas, E. Counsel from
Chile, and R.B. Hayman of Canada (the author of this report).

The project would be controlled by Antonio Quesada, Earth
Sciences Program, Science and Technology Branch, Department of Science

and Technology, 0.A.S.
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Shatie

EXPLANATORY NOTE .

The General Assembly, at its Sixth Regular Session, in resolution
AG/RES. 215 (VI-0/76), instructed the General Secretariat to coordinate,
in consultation with the Governments of Central America and Panama, the
preparation of a Seismological Plan or Program for the reéion and to

provide that the plan thus prepared be presented for consideration to the

. next regular meeting of CIECC, which. shall be responsible for adopting

o

measures to finance it.

The present document includes a copy of AG/RES. 215; the agreement
reached at the XIV Regular Meeting of CEPCIECC, regarding the need to
carry out a prior study for the preparation pf the plan, as recommended
by the Inter-American Committee on Science'and Technology at its XIX
Regular Meeting; agd‘the document, "Central American Seismological Network, ™

(CICYT/doc.160) which is to be submitted to CIECC for consideration.

iii
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AG/RES. 215 (VI-0/76)
SEISMOLOGICAL NETWORK FOR CENTRAL AMERICA AND PANAMA

(Resolution adopted at the second plenary session,
held on June 16, 1976) .

WHEREAS :

The Central American region is subject to frequent seismic phenomena
whose disastrous consequences for human life and the economy of the coun-
tries have been evident in recent years in the cases of the Managua earth-
quake and the recent one in Guatemala;

Seismological studies based on the experimental analysis of seismic
movements are very important as a basis for earthquake-resistant engine-
ering, a science that makes it possible to construct or adapt civil en-
gineering works (buildings, bridges, roads, dems, industrial installations,

_etc.), so that they have the greatest capability of resisting the effects

of high~intensity seismic accelerations without appreciable damage;

It is equally important to educate and alert the population to follow
an individual and collective pattern of behavior that facilitates the ac-
tion of the authorities in restoring life to normal following an earth-
quake; and :

The OAS, within its technical assistance activities in science and
technology, has rendered services in these matters to the Central American
countries and Panama,

THE GENERAL ASSEMBLY
RESOLVES :

1. To instruct the General Secretariat of the 0AS to coordinate, in

" consultation with the governments of Central America and of Panama, the
. preparation of a plan or program designed to:

a. Strengthen existing seismic installations in that area and co-
ordinate them, so that they may come to form a Central American

Seismological Network;

b. Promotec a studies and research program for training professional
© teams of seismologists, geologists, volcanologists, and engineers
specializing in earthquake-resistant construction;

c. Render any technical assistance requested by the govermments for
preparing or updating codes or standards for earthquake-resistant
construction;

o L R
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(t}' d. Assist the governments in formulating and disseminating among
e their peoplc information on the action that they should take,
- individually or as a group, in the event of an earthquake; and
assist the govermments, also, in organizing within the sphere
of the public authorities, centers or teams that can act in
cases of national emergency.

2. To provide that the plan thus prepared shall be presented for
consideration to the next regular meeting of CIECC, which shall be res-
ponsible for adopting measures to finance it.

LA
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. FINAL REPORT OF THE XIV REGULAR MEETING OF CEPCIECC
CEPCIECC/doc.365 rev. 1 corr. 1 page 49 (English version)

At its XIV Regular Meeting CEPCIECC decided:

Seismological Network for Central America and Panama - AG/RES. 215
{Vi-0/76) - CICYT/doc.16k .

To approve the study proposed in document CICYT/doc.l6h and to
instruct the Secretariat to provide the funds necessary to implement it
in the next budget, since it would benefit not only Central America but
all the countries. That study could be conducted by three experts under

. the coordination of the General Secretariat. Those experts should have

broad knowledge of the unique features of the region and could be hired
for a period of two months each. The working plan would include a visit
to each of the Central American countries and Panama, with an average stay
of nine days per country. Existing earthquake-monitoring stations could
be visited and the technical needs could be analyzed with local experts.
The cost of this study is estimated at US$22,000, distributed as follows:
fees, US$9,000; travel and per diem, US$13,000. .

The group recommends that the Secretariat be instructed to secure,
through the ONE's the participation of specialists whose services would
be paid by their own institutions, leaving the expenses of per diem and
travel for payment by the Secretarizat.

In the des1gn'of the project, account will be taken of the activities
and capacities of the centers of the special project "Evaluation of Seismic
Risk," which has been in operation since the beginning of the 1976/77
perlod.

It likewise recommends that as a fqture.action, a study be undertaken
for a project that will eventually include all the Andean countries and
the Caribbean countries as participants.



-5«

C} INTER-AMERICAN COUNCIL FOR @EE@©

EDUCATION, SCIENCE, AND CULTURE
" INTER-AMERICAN COMMITTEE ON SCIENCE AND TECHNOLOGY .

NINETEENTH MEETING OF CICYT : OEA/Ser.J/XI

November 1 - 5, 1976 : CICYT/doc.160

Washington, D.C. October 29, 1976
Original: Spanish
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CENTRAL AMERICAN SEISMOLOGICAL NETWORK

BACKGROUND _ _ S .

The General Assembly of the OAS, st its session en June 16, 1976,
sdopted resolution AG/RES. 215 (VI-O/76) which states in its operatlve
part:

W,

"1. To instruct the General Secretariat of the OAS to coordinate, in

consultation with the govermments of Central America and of Panama, the

preparation of a plan or program de51gned to:

&) Strengthen existing seismic installations in that area and
coordinate them, so that they may come to form a Central
American Seismological Network;

b) Promote a studies and research program for training profes-
sional teams of seismologists, geologists, wvolcanologists,
and engineers specializing in earthquake-resistant construc-
struction; .

¢) Render any technical assistance requested by the governments
for preparing or updating codes or standards for earthguake-
resistent constructien;

d) Assist the governments in formulating and disseminating améng
their people information on the action that they should take,
individually or as a group, in the event of an earthquake;
and assist the governments, also, in organizing within the
sphere of the public authorities, centers or teams that can
act in cases of national emergency. -

2. To provide that the plan thus prepared shall be presented for
consideration to the next regular meeting of CIECC, which shall be respon-
sible for adopting measures to finance it."

CICYT, at its Eighteenth Meeting, on June 28, 1976 studied the resolu-
tion of the General Assembly and pointed out the following (doc.158):

"l. For preparing this project, other agencies in the system, such as
the Pan American Institute on Geography and History, and its Geo-
physics Committee, the Inter-American Geodesic Service, located
in the Panama Canal Zone, as well as all the member countries and
any other countries concerned should be asked to cooperate.

2. It is econsidered important for the project to be prepared by uti-
lizing the experience of the Multinational Farth Sciences Project
and the Multinational Engineering Project of the PRDCYT.
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5, A topic on forecasting earthquakes should be included among the
project topics. ’ :

L, The characteristics and multinational impact of the pioposed net-
work indicate that the project could be presented as a special
project with the countries concerned.

At its regular meeting on July 26, 1976, CEPCIECC, in doc. 330, rev. 1,
took the following decision:

"The Committee took note of the work that the General Secretariat must
earry out, and also the reccmmendation contained in the final report of the

E XVII Meetlng of CICYT and decided that, at its next meeting, it would study

the plan to be presented.”
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ANALYSIS OF THE PROBLEM

Pue to its geological conditiéns, Central America is one of the areas
of greatest seismicity in the American hemisphere.

In the period from 1900 to 1976, more than 2,820 earthquakes have
been recorded in Central America with surface wave magnitudes above 5.5
Ms. on the Richter scale, of which 953 were destructive. Notable among
these were the ones on April 28 and May 1, 1919, which caused the destruc-
tion of San Salvador; the one on November 5, 1928, which destroyed Lefn;
the one on December 23, 1972, which devastated Managua; and the one on
February 4, 1976, which destroyed a wide area of Guatemala.

The seismic phenomenon taken in its most simplistic form, is the re-
sult of vibration and acceleration induced in a part of the crust of the
earth, because of the tectonic movements of the continental plates, as a
result of the constant evolution of the planet.

During a seism, bulldings are subjected to these vibrations and ac-
celerations, and in the majority of cases the probable behavior of the
soil-structure system is unknown. For this reason, it is easy to make
errors in calculation and design of buildings, which mekes it highly
likely they may collapse, thus causing the characteristic damage of an
earthquake. :

In order to provide effective protection for the cities and buildings
of the region, it is necessary to collect as much seismic information as
possible, to obtain a thorough knowledge of the geclcgically active and
inactive areas, and the mechanics of the seismic phenomencn. This know-
ledge will allow the respective governments to establish standards, codes,
and laws that will ensure to the inhabitants of the region effective pro-
tection against disasters of this kind. '

NEED FOR A SEISMOLOGICAL NETWORK AIND IMPLICATIONS OF ITS INSTALLATION

The Central American region has a remarkable periodicity in the in-
cidence of selsmic phenomena, some of which are accompanied by wvolcanic
eruptions. The frequency of these phenomena is unknown; also unknown are
which areas are most active and the behavior of the soil and of the struc-
tures built on it under the action of seismic waves.

In order to be able to interpret these phenomena, it is necessary to
record the seismic waves of various kinds, which is done by instruments,
such as: seismograpns, accelerometers, and seismoscopes, placed in per=-

- manent stations located in various geographic locations. The group of

these actions form the so-called "Seismological Network."

The stations operate under a constant system, and the information
that they obtain may be collected periodically by the staff, or trensmitted
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immediately to a central office by telemetric systems. In both cases, it
is in this central office that the information is analyzed and processed
by & group of highly-trained professional workers, having master's or
doctorate degress in the seismological and geological sciences.

The results of this research will be applicable immediately by engi~
neers and planners in the establishment of codes, standards, and urban
zoning, which will lead to greater protection of lives and property during
an earthquake. It will also be a function of this group of seismologists
to conduct research directed toward prediction at seismic and volcanic

phencmena.

SEISMIC FACILITIES EXTSTTING IN CENTRATL AMERICA AND PANAMA

i. ZEquipment

Several countries of the region now have seismological networks whose
functions are confined to surveillance of volcanic activity, or to studies
for protecting hydraulic works under way. Such is the case with the seis-
mological network of Guatemala at Lake Atitlén and the Volcén de Fuego, or .
the Costa Rican network in the vicinity of the Arenal Volcano and the dam

under construction.

Networks more netional in nature, whose function it is to determine
areas of greatest seismic risk in the country for purposes cof urban and
regional plenning, are those of Nicaragua, operated by the Seismic Research

- Institute of Nicaragua, and that of Costa Rica, operated by the Central

American School of Geology. Both networks are deficient in equipment and
technical personnel.

EXTSTING SEISMIC STATIONS IN CENTRAL AMERICA

No. of .
Country Stations Instruments Coverage Location
Guatemala L 6 seismographs local - Lake Atitlén
: - . - Volcén Fuego
El Salvador 1 1 seismograph local ) Near Tejutla
Honduras 1 1 seismograph local In Tegucigalpa
Niceragua 14 1L seismographs national In the seismically
active region in the
western part of the
country
Costa Rica 10 10 seismographs partial Vicinity of Arenal

Volcano, in the central
- plateau, and in the
eity of San José

Panama, 1 1 seismograph local ’ Canal Zone
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ii. Personnel

Central America has highly-skilled personnel in the fields of geology
agd civil engineering; in the field of seismology, only Costa Rica and
Nicaragua have, in the last three years, started personnel training programs.
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STRUCTURE OF A SEISMOLCGICAL NETWORX

The basic components of & seismologicel network are the research
personnel and the seismological stations.

i. Seismologicael Stations

A group of more than three "seismologicel stations,™ each located at
a different geographical point and having the possibility of seismic
triangulation among them, constitutes a so-called "seismological network."

Each station should have a number of pieces of equipment able to

. detect the seismic waves of various kinds and to record them 1ndependenﬁly

of the magnitude of such waves.

A typical station is composed of a seismometer of two or three com-
ponents with the ability to record the horizontal and vertical seismic
waves, an automatic system to measure time, and recording systems, which
can be either graphic or telemetric.

This group of instruments should be installed permanently and pro-
tected against the atmospheric elements and at a distance from urban centers
with a great deal of traffic, in order to avoid interference from them.

This involves constructing a small building that constitutes the so-called
"Seismoleogical Staticn.”

In addition to the network, the installation of recording apparatus ’
that provides additional information on the behavior of certain types of
construction and of the soils supporting them during violent seismic
movements should be planned. For this, it is necessary to install simpler
instruments, such as accelerograprhs and selsmoscones, in the construction
whose behavior it is wished to learn. .

The number of stations depends on the area to be covered and the
‘degree of detail of information required. For this reason it is necessary
to carry out a preliminary study on the installation of each statlon to
determine its desirability and feasibility.

The information produced by each station is collected by the attendant
Personnel or transmitted by a telemetric system to a central station; in
the latter case the stations have telemetric equiprent and remote control
and are hooked up to each other. This allows a national seismological
network to be -connected to another network in a neighboring nation through
the use of existing microwave channels, which gives both networks a
regional opening for studies on prediction.

Because all this equipment is electronic and highly sophisticated,
it is absolutely necessary to have facilities for their maintenance and
calibration. Past experience has shown that due to lack of adequate
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maintenence, only 10% of existing instruments in a couniry have been
operable when an earthquake occurred.

Civen the characteristics of the Central American region, it is
estimated that about 80 stations are needed to organize national networks
in the six countries, and on that basis the networks would constitute
the "Central American Network." :

ii. staff

For the operation of, and the analysis of the information produced by
each one of the national networks of national coverage, a group of highly

. trained professionals is required, to deal with the following:

VI.

(2) Location of foci and epicenters, (b) Determination of active
seismic zones (faults), (c) Determination of the anomalies in the upper
rert of the mantle, (d) Preparation of maps of seismicity (isoseismic
and exoseismic), (e) Microzoning of important cities, (f) Studies on.
seismic and volcanic prediction.

Geologists with a Master's degree, whose function would be to
collaborate with the seismologists to improve the existing geoliogical
maps and to aid them in preparing seiswmicity and microzoning maps.

Electronic technicians with experience in the maintenance of seis-
mological equipment. Thelr function would be to provide necessary
maintenance of the equipment.

The composition of the team will depend on the level and volume of
activities and should take into account the necessary infrastructure
(premises, transportation, secretarial staff, and area) for 1ts proper
functlonlng.

DEVELOPMENT OF A PLAN

In order to form a Central American selsmologlca* network it is
necessary to:

i. Conduct studies to determine the number of stations required by the
countries, their location, and the institutions responsible for their
operation.

ii. Decide which of the two systems will be used in the gathering of
information from the stations: (a) graphic, (b) telemetry.

The graphic system involves periodic collection, daily or weekly, of
the information produced by each station. The telemetric system involves
more sophisticated electronic equipment for automatlc transmission of
the information.
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The development of these two points may require about 6 man-months
of work in visits to the countries and to other networks already established.

The setting up of the selsmological network can be accomplished
through one of the following methods:

a. Acquisition of all the necessary equipment, Installation and
functioning of that equipment basically by contracted personnel while
the national staff is being trained abroad. This alternative would
require a period of approximately two years for setting up the network
and a larger initial investment.

b. The other alternative is to define successive stages in which,

E initially, staff is trained and a limited number of stations are equipped.

VII.

VIII.
£

o

L

The investments in equipment are carried out gradually and progressively
over six or seven years.

COLLABORATION WITH OTHER ORGANS OF THE SYSTEM

In developing the plan, consideration could be given to the partici- -
pation of other agencies of the system or international agencies, as long
as the activities {0 be carried out by each one are defined, and there
is coordination to prevent the dilution of the project.

BENEFITS OF A SEISMOLOGICAL NETWORK

. Short-term Direct Eenefits

a. .Production of more precise geological maps, which would promote
greater confidence in large investments such as hydroelectric,
geothermal, and other projects it is desired to develop in the
region.

b. Determination of the areas of greatest seismicity that could
affect present or future urban areas.

Cc. Microzoning of the cities of the region that wowld permif,
designing of better building codes and establish urban zoning
laws suited to the real geological situation.

Long-term Benefits

A unified network would permit the gathering of the statistical data

needed to initiate systems for predicting earthquakes and volecanic
eruptions, a goal not too far off in the development plans of some

nations, and one that would avoid repetition of the recent catastrophes
caused by the earthquakes in Nicaragua and Guatemala.

CIECC/15-I

e A e AT Moy g4 T e T ety AL S g

e BT TR A I



RESMAC: The New Mexican Seismic Array

A report prepared by:

R.B. Hayman, Head

Instrumentation Section

Division of Seismology and Geothermal Studies
Earth Physics Branch

Department of Energy, Mines and Resources

1 Observatory Crescent

Ottawa, Ontario, Canada

K1A 0Y3

for:

Dr. Tomas Garza Hernandez, Director
Instituto de Investigaciones

Matematicas Aplicadecs y en Sistemas (IIMAS)
Universidad National Autonoma de Mexico
Mexico City

Mexico

Ottawa, 14 April 1977

h/



1. Introduction
2. Background
2.1 Seismology in Mexico
2.2 The original Mexican seismograph network
2.3 The Baha California network
2.4 Sismex: the Mexico’City strong motion network
3. RESMAC: A review of the project objectives
4. Project status and some recommendations

5.

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9

1

Conclusions

System design

Communication network

Central processor hardware énd configuration
System chronometer

Cenﬁral processor software

Type TT station (SPZj

Type T station (SPZ + LPZ +LPE +uP)

Type I station (SPZ + LPZ + LPN + LPE +uP)

A discussion of digitization parameters

6.

List of ref

erences




Introduction

This report outlines the topics covered during the visit of
Mr. R.B. Hayman to IIMAS between 15 March 1977 and 16 April 1977, During
the three weeks many aspects of the RESMAC system were discussed and
compared with experience gained in the design and operation of the twé
Canadian telemetered seismic networks, ECTN aﬁd WCIN, which have been in
operation since 1974, The Mexican RESMAC system will be similar to the

Canadian systems in several respects. For example, each system includes:

l. data transmission by the national microwave telephone
network

2, wide dynamic range digital data format

3. unattended outstations

4. on-line data processing and event triggering by PDP1ll
minicomputer

5. automatic remote calibration of outstations

A description of the RESMAC system has been published by

Lomnitz and Gil. A copy of this paper is shown in appendix 1.



2. Background

2.1 Seismology in Mexico

The National centre for both seismology and Earthquake Engineering
is located in the Autonomous University of Mexico in Mexico City (UNAM).
Dr. Cinna Lomnitz is head of the Department of Seismology and Physics of
the Earth's Interio;, which is a part of the Instituto de Geofisica, where
he is responsible for the Mexican Seismograph Network.

In addition, a cooperative venture with J.N. Brune et al (U. of
C., San Diego), has established a separate network in the Baha California.

The Instituto de Ingeneria has responsibility for the strong
motion network and studies in Engineering Seismology. A significant
pfoject in this area has been the establisﬁment of a telemetered strong
motion network in Mexico City.

The Instituto de Investigaciones Matematicas Aplicadas y en
Sistemas (IIMAS) is deQeloping the RESMAC syétem as a special project in
Systems Enginéering. The Instituto de Geofisica is funding the capital
purchases with Dr. Lomnitz as the project coordinator. The genior staff
associated with the RESMAC project in IIMAS are: the Director, Dr. Tomas
Garza; the head of the Digital Systems Design group, Jorge Gil, and
Software Design group leader and Institute secretary, Dr. Alberto Tubilla.

Further details of the staff and activities of these three
Institutes are given in appendices 2, 3; and 4.

Some idea of the seismicity of Mexico can be obtained by
.referring to table 1 and fig. 1 after Lomnitzz.

Examples of the bulletins published by both the Institutes of

Engineering and of Geophysics are shown in appendices 7 and 8 respectively.



2.2 The original Mexican seismograph network

The first stations of the Mexican seismograph network were
established in 1905. Additional stations were added from time to time,
and the network reached its present configuration in 1950. The location
of the stations are sketched in the map of figure 2. The operation of
these stations has presented many p?oblems dué to the lack of technical
expertise in the remote areas where many of the stations are located.
The station time corrections for many stations have been unreliable and
frequently useless. Often there is insufficient expertise on site to
correct the smallest malfunction. All servicing has had to be done by
staff from Mexico City with the inherent expense of travel to the statioms.

Presently, I understand that seven of the nineteen stations
are operating fairly reliably. This excludes stations in the Baha

California network which are considered in section 2.3.

2.3 The Baha California network

Three stations were established in 1969 in the Baha region as'
a result of an agreement between scientists of the Universidad Nacional
Autonoma de Mexico (UNAM) and the California Institute of Technology,
coupled with the active cooperation of the Comision Federal de Electricidad
(CFE), Lomnitz et a13. Subsequently, the network was expanded by the
addition of five more stations. Presently, seven stations are operating.

Mo;t stations in this network include: a baby Benioff seismometer
and two special horizontal long period seismometers, a local photographic
recorder, a WWVB time receiver and a crystal clock system. Power is
obtained from a solar panel and battery. Although simple, the network has

been expensive to operate, with even the simplest maintenance having to



to be déne by field travel from a central location.

Stations of this network are marked with an asterisk in table

2.4 SISMEX: The Mexico City strong motion network
In 1972, with assistance from UNESCO, the Institute of
- Engineering, UNAM, established a multicomponent seismograph and strong
motion network which has been described by Prince4. The system utilizes
a mix of vertical seismometers and triaxial accelerometers. Data is
telemetered to the Institute of Engineering using FM on FM radio
telemetry operating in the 150MHz band. Four radio links are employed,
some of which have two repeaters. Up to ten analogue channels are
multiplexed on to one radio carrier. For example, one channel may
include three gain.levels of three components of acceleration plus one
seismometer channel for a total of ten channels. At the central facility
data are recorded on a seven (fourteen?) channel direct tape recorder in
the multiplex format. One channel of the tape is allocated to a locally
.generated IRIG (VELA) time code and one to standard time radio transmissioﬂs.
Data are demodulated only on playback and are digitized and
processed by an on-site minicomputer sysfem.
All channels but the Puebla link are presently oﬁerational.

The network layout has been sketched in figure 3.



3. RESMAC:

A review of the project objectives

The principle uses for RESMAC have been described by Lomnitz

and Gil. I quote,

"The immediate objective of RESMAC will be to provide a full

coverage of the national territory for uniform and reliable

earthquake information to be used in zoning, microzoning, and

other methods of estimating earthquake risk on a regional

or local scale."

This is no minor undertaking, since it would make Mexico one

of the first countries to have such an extensive centralized, fully

computerized seismological network. Because of this, I believe the

available R and D resource at the UNAM should be concentrated on this

established,

immediate objective, which is a systems engineering problem.

I think it useful at this point to list the 'routine functions'

which the system must perform so that I can later consider the implications

of some of these requirements:

1.

2.

3.

To acquire raw data from outstatioms.

To trigger on events.

To sort events into categories: 1local, regional, and
teleseismic.

To identify and liét seismic phase arrival times.

To determine epicenter and magnitude according to the
category of event.

To publish an earthquake bulletin.

To create and maintain a library of digital event tapes
and provide for dissemination of data either as edited
digital event tapes or as a visual record.

To maintain the system with adequate calibration of amplitude

and phase and with reliable absolute timing.



4. Project status and some recommendations

4.1 System design

This is the area in the project which requires the most attention.
Potential users of the system should be consulted in order to determine
their needs more carefully. This should be followed by a further review
of the objectives with modification as appropriate., These objectives
could then be used to define a number of work elements or sub-projects
to be distributed amongst the available manpower. I believe that this
type of approach would ;llow a number of parallel work paths to be
established and allow the project as a whole to progress even when one
element is temporarily blocked. (eg. no lines!)

4.2 Communication network

This item must be recognized as the key to the success of the
project as a whole. A sustained effort will be required in this area at
all levels of management to ensure that lines are made available as
promised and that an adequate priority and quality of maintenance is
applied to the lines after the initial installation. Experience in
Canada with ECTN aﬁd WCTN has shown that phone line failure is a major
cause of down time. Dean5 has reported similar experience for LASA,
with line failure and CPU failure each accounting for 1.77% down time.
At TIMAS, two conventional lines are about to be installed (April 1977)
whilst communication technicians have recently conducted propagation
tests as a preliminary step in the establishment of a 24 channel direct
microwave link from ITMAS to the Mexico City central communications
facility. 1 estimate that a minimum of six months will elapse before
this link becomes fully operational. Table 3 lists the locations of
repeater sites of the Mexican microwave communication network which are

available for use by RESMAC.



4.3 Central processor hardware and configuration

Twin Digital PDP11'40 central processors were installed in 1976
in the configuration described by Lomnitz and Gil and are fully operational.
The original cabinet, unibus and box layouts were as shown in figs 5, 6,
and 7, and the system block diagram is as shown in the paper by Lomnitz
and Gil (reproduced in appendix 1). The present schemé has been modified
- somewhat since the original proposal and now has the DH1l multiplexer, 16K
of memory, the twin tape drives and twin disc drives on the shared bus.
This system has the disadvantage of having one of the magnetic tape drives
and the tape controller tied to the on-line task, making tape to tape
transfers a difficult proposition. In addition, a severe disadvantage of
magnetic tape systems is that operator actién is required to place a unit
back on~line following a power failure.

Experience in Canada and elsewhere5 points to the desirability
éf keeping the on-line system as simple as possible, changing to a batch
type of operation as soon as feasible in the signal flow.

Discussions with Alberto Tubilla led to the development of a
‘new system block diagram, as shown in fig. 8, which also includes provision
for a system clock and the display plotter sub-system.

A brief evaluation of the new probosal is given below:

Advantages

1. Simpler on-line system.

2, High redundancy of key elements eg. discs.

3. No on-line magnetic tape drives.

4. Direct access to tentative event files since they would be

stored on disc.

5. All 1/0 peripherals are accessible to the user of the off-

line processor all the time.



6. Off-line user has access to two magnetic tape drives and
can thus do direct tape to tape transfers.

Disadvantages

1. Data storage problem when off-line system is down.

2. Less on-line storage capacity.

3. High buss loading of éff-line syétem.

4. No automatic transfer of disc capacity.

5. Requires fast 1/0 channel between CPU's for event transfer.

Calculations on the time to transfer an event from CPUl to
CPU2 using the existing DL1l interface yield cumbersome times. Therefore
the new configuration would need a faster transfer channel such as a
DA11B. The DL1l units thus released could be utilized for the link to

the display processor.

In Canada unnecessary downtime is incurred on ECIN and WCTN
as a result of there being no operator to reinitialize the system fol-~
lowing certain classes of fatal error (eg. Trap to 4). These errors
often occur following a power bump which can apparently fool the CPU
power fail autorestart circuitry. A scheme to automatically reboot the
system and reinitialize the programs would largely eliminate this form
of downtime. The RSX1l software provides most of the software required
to do this.

4.4 System chronometer

A éystron Donner model 8110 Digital Clock'has been ordered for
use as the System Chronometer. The clock should include provision for
synchronization to WWV, should have a precision 60 HZ reference output,
and should include a non-interruptible power éupply so that system time

can be maintained through a power interruption.



The clock could be conveniently interfaced to the PDP1ll using one of the
DECkit 11 general purpose interfaces. The interface should permit the
operating system time to be synchronized with real time. Use of the
precision 60HZ for the line clock interrupts to the PDP1l will ensure
continued synchronism of the programs after the system time has been set.
A flag bit on the c}ock which is set by the clock hardware when an
operator changes the time would be a convenient method of notifying the
processor that re-synchronization is necessary. The clock should, of
course, be interfaced to the shared unibus so that the on-line processor
can always access it.

4.5 Central processor software

The central processor utilizes tﬁe Digital RSX11M real time
operating system. This is an event driven multi-programming system which
permits priorities‘to be attached to each program and permits controlled
interaction between concurrently running proérams.

Befbre the development of application software could commence
at IIMAS, some special system software had to be developed to augment the
operating system as delivered. This was a consequence of the particular
twin processor configuration which had been installed.

Subsequently a driver program was written to interface the DH1l
phone line multiplexer to the event detector program. This is operational.
An event detector program has been writfen which compares the broadband
short term rectified running average with a long term average to generate

.event triggers. Presently the program does not use disc circulation of
immediate past data; rather a2 core buffer of several seconds only is used.
The program has been tested with a single local outstation with the event

being played back as an X-Y plot on a typewriter terminal.
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Currently, three new programs are under developmeﬂt. Software
is being developed for the inferprocessor link which currently employs the
DL1l interface. Note that the recommendation of section 4.3 is that this
link should be upgraded to a DA11-B. A modular approach should be used
in the interprocessor link software in order to permit an easy change over
to the faster hardware at a later date. .

Another software package is being developed to permit the Tektronix
storage terminal to be used to display events. This is an interim measure
since these duties will eventually be taken over by a modified DEC GT44
display processor, however, a more effective way of displaying data is
needed urgently. |

In addition, a Fast Fourier Transform package is also being
finalized, and is being used to analyze calibration pulses.

Following a review of the system objectives as discussed in
section 3.3, I bélieve that some kind of overall system flow chart should
be developed similar to that shown in fig. 9 and described by Bungum6

(1974). Crampin7’8’9

(1974) has described a system for the automatic
_analysis of tape-recordings from seismic networks. Although this was not
a real time system the techniques are very relevant to the RESMAC sysﬁem.

I think it appropriate at this stage of development not to
attempt automatic phase identification as described by Crémpin. For the
immediate future more rapid overall progress would be achieved by including
an operator in the system flowchart who would determine phase arrival times
for subsequent epicentre determination.

Discussions with Alberto Tubilla led to the development of a

tentative system flow chart fig. 10. This might be used as a basis for

further discussion.
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4.6 Type TT station (SPZ)

Specifications and some block diagrams of the TT Station are
shown in Appendix 5. 1In concept this station is very similar to the
Outstations of ECIN/WCTN in Canada.

Three prototype stations have been built and are ready for
field trials. The design will be finalized after the evaluation of data
from the field trials. The lack of telephone lines has impeded progress
in this area, but this should be resolved shortly.

The digital end of the package, including the modem, apparently
presents no problems. However, I believe some further work can be justified
on the analogue front end, although this should not be allowed to impede
the progress of field trials.

The present scheme of filtering, using parallel matched filters
for each of the four gain levels, is cumbersome to build and maintain. On
the highest gain channel there is a danger of limiting taking place by
signals out of the band of interest. I also feel that a more satisfactory
design would include differential amplification of the seismometer signéls.
I understand that an alternative filter design with a much lower noise level
is being developed.

A low noise filter design would permit a more efficient
arrangement of the block diagram of the gain ranging stage which would
avoid out of band limiting, contain fewer components and avoid the requirement
for carefull§ matched components. Careful placement of the filter section
would also remove the need for a three second delay when the system is
gain ranging to lower signal levels and thus avoid the decision as to the
optimum delay time. Considerations of dynamic range and gain separation
are given separately in section 4.9, All three types of Outstations

presently operate from 115V maing supply which can be unreliable. The
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The possibility of utilizing the non-interruptible power system which is
used in all microwave repeater systems might be investigated. This approach
would require a de-dc converter in place of the present power supply.

4.7 Type T station (SPZ + LPZ + LPN + LPE)

The electronics of this station are essentially the same as in
the type TT station and so many of the same remarks apply. However, in
my discussions, it Became apparent that no one had really appreciated
the higher level of care that is needed for the successful operation of
the long period seismometers. These instruments can have a mass position
temperature constant as high as 2.7 mm/OC (Geotech model SL210). Since
the instrument is designed to measure fractions of a micron, care must be
taken to reduce temperature variations and air convection to a minimum.
Furthermore, whereas with SP measurcments the ground noise velocity
decreases with incfeasing frequency, with LP measurements there is a sharp
peak in microseismic ground noise at about 6 seconds period (fig. 11) so
that the noise level increases with frequency. Buoyancy effects from
atmospheric disturbances will also introduce noise into the system.

Consideration might also be given to the option of recording
" the LP, data in a broadband format as discussed by Marshall et al10
(1972) and others.

Note that a remote Long Period sgismometer must include
electronics to automatically measure the position of, and centre the coil
in the magnetic field.

It is also worth noting the input noise characteristics of a
typical commercial long period amplifier such as the Geotech model AS620:-

0.1 V p-p (0.01 to 0.1HZ)

0.075 V p-p (0.005 to 0.036HZ)

measured with a total source impedance of 2K at 25°C. The reason for this

noise level can be seen by reference to fig. 12.
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4.8 Type I station (SPZ + LPZ + LPN + LPE + uP)

A block diagram of this station is given in appendix 5. The
electronics of this station are essentially the station T with the addition
of an Intel 8080 microprocessor. Testing of the prototype microprocessor
circuit boards is underway and a program has been written which will
permit the Outstation to operate in an event griggered mode and send data
on request to the central processor. The microprocessor end of this
station is well under control, but the same remarks as for stations T and
TT apply to the sensor end. It should be noted that the inclusion of
the microprocessor certainly gives some flexibility in the organization
of the Outstation.

Further thought is required on the best method of utilizing this
type of station. One good idea, which merits further thought is the use
of this kind of stétion in a multidrop communication network. Careful on-
site editing of data could make this type of station competitive in terms
of data handling capacity with conventional analogue FM transmission.
However, to be effective these stations may need more on-site memory in
order to buffer the data effectively when several stations on the same
line are triggered simultaneously, as will often be the case.

Consideration might also be given to integrating the station
types T and I so that a microprocessor would be available for control of
the LP seismometer.

4.9 A discussion of digitization parameters

The choice of one to ten hertz bandpass for a system designed
for regional seismicity studies is in keeping with accepted practice.

(One to ten hertz is the standard response in Canadian Reginal Stations).
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Local events certainly may have some energy at frequencies
above 10HZ, but I do not believe there is any useful phase information
at these high frequencies. To my knowledge, the only studies that
utilize the energy beyond 10HZ are those that determine source parameters
from the natural event corner frequencies. Smaller events would require
an instrument response extending well beyond ten hertz in order to be able
. to accurately measure the high-cut asymtote. If these data were a
requirement, I believe that it may well be feasible and economic to transmit
only the spectrum information of the higher frequencies rather than the
broadband time series.

The choice of 36 samples/second apd hence on 18HZ folding
frequency in conjunction with 10HZ second order filters will give adequate
protection against aliasing. It remains now to discuss the system dynamic
range and resolutién.

Fig. 12 is an attempt to present an overview of the ground
motion spectrum. Recognizing that a seismometer is a velocity transducer,
the vertical axis is plotted as velocity. Thus lines of constant
~acceleration will have a slope of minus one, whereas lines of constant
ground displacement will have a slope of plus one.. The ground noise
spectrum is derived from fig. 11 but is ﬁlotted for a constant octave band
width. This is more representative of the noise that mighf be observed
and measured on a seismogram. Average and maximum levels of noise are
shown. The upper bounds of ground velocity and ground acceleration are
theoretical values taken from Brune and Lomnitz11 which have been substan-
tiated by field measurements but are not yet fully accepted by seismologists.
The three heavy outlines indicate the normal areas of operation of typical
long and short period seismographs and of accelerometers. At the top of

the figure a triangular shaded area indicates the ground velocity required
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to prodﬁce lcm displacement of a seilswoneter coil. This is the limit
of.linear motion for the Geotéch S13. A second lower triangular outline
corresponds to lmm of cell displacement. Most seismometers should
operate in linear manner up to coil displaceménts of 1-10um.

Since the bandwidth has been defined, we can now shade in the
possible area of operation of a SP wide dynamic range seismograph. The
- lower limit has been set at the average noise level of l0mm/sec. This
is also the lower level of the Canadian ECTN/WCTIN and has been found to
be just satisfactory. The upper level is determined by restricting the
coil displacement to lmm corresponding to a velocity of lem/sec. This
level just overlaps the trigger level of anhaccelerometer. Thus the
desired dynamic range is 106.

In the left margin the voltage output of an L4 seismometer is
shown for referencé. In additjon, two gain ranging schemes are shown.
Both have the same starting resolution (10mm/s). The right hand column
corresponding to four amplifiers with a gain separation of 4 shows that
this scheme cannot cover the required range since the top limit is at
1.3 x 106nm/s. The left hand column shows a scheme with a gain separation
of eight which has the required 106 range.

Both of the schemes have an identical digital format, that is,
a 12 bit mantissa and two bits of gain information. Howevér, there is a
trade off between an order of magnitude of dynamic range and one bit of
resolution. The 83 system has a minimum resolution of 1:256 whilst the
43 system has 1:512. The Canadian system has been operating without
resolution problems (so far!) at a resolution of 1:256. A further
consideration favouring a lower resolution is that the noise spectrum is
flat within the bandpass. This would not be the case if a broadband

system were contemplated since an additional two decades of resolution
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would bé required to handle the microseismic noise peak at 0.2HZ without
tﬂe loss of low level signal fidelity.

Brune has said (discussion with RBH) that his experience has
been that seismometers become useless at higH ground velocities, perhaps
because of spurious responses. I have been in contact with Geotech to
try to get more information on this point but have not received any at
- the time of writing.

I recommend that the 83 system be chosen as the most useful
until such time as a definite problem is identified. Furthermore, I
believe there is considerable sense in adopting a uniform scheme for all
stations. Experience has shown that despitg the best intentions, there
will be uncertainty in the parameters of a system in which the dynamic
range/resolution is individually optimized according to the noise level
at each site. Sin&e there is sufficient dynamic range the gain can be
defined for the quietest site and that value used throughout'the network.

4.10 Helicorder monitors

Further consideration should be given to the number of helicorders
. that should be connected to the computer through appropriate DA convertors
in order to provide a conventional visual monitor of activity within the

network. Four to six units might be appropriate.
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5. Conclusions

The RESMAC project is progressing well. A prototype Outstation
is operational. The central computer is fully operational and a trigger
algorithm is working. Graphics routines are being developed to display
the data. The telephone lines, however, have been disappointingly slow
in materializing. The achievement is signifiéant since it represents a
leap frog in the technology of seismic data acquisition in Mexico. A
contributing factor in the progress to date has been the high level of
motivation of the team at work on the project at IIMAS. There are a few
areas which I think warrant closer attention:

1. Who is going to operate the system? And who will be the user
of the processed output? These questions become particularly
significant when long term funding of the operational system
is con;idered.

2. The communications network will always be a key part of the
system. A long term commitment to quality service is required.

3. There is a tendency for both hardware and software designer;
to move on to more sophisticated systems before the simpler
approaches have been made fully operational. A review of the
project objectives followed by a redefinition of priorities
might help here.

4. More time needs to be devoted to understanding the seismometer

end of the Outstation package, particularly where LP instruments

are to be used.
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Earthquakes of Mexico-~Guatemala (Region 5)

CIRCUM-PACIFIC BELT

Date Epicenter M Comments
1538 Mexico
1542 Mar. 17 Mexico
1568 Dec. 27 Cocula, Jalisco
1573 Colima
1575 Puebla
1582 Mexico
1586 Guatemala
1603 QOaxaca
1604 March Oaxaca
1608 Jan. 8 Qaxaca
1611 Aug. 25 Mexico very-large
1619 Jan. 13 Qaxaca
1622 May 6 Zacatecas
1626 Puebla,
1655 Nov. 25 QOaxaca
1662 Jun. 7 QOaxaca
1667 Jul. 30 Puebla
1697 Feb. 25 Acapulco, Guerrcro
1701 Dec. 21 Oaxaca destructive
1711 Aug. 16 Mexico, Colima, several dead
Guadalajara ’
1727 Mar. 10 Qaxaca
1739 Jul. 14 Colima
1749 Mexico
1750 Mexico
1754 Sep. 1 Acapulco, Guerrero tsunami
1773 Jul. 29 Guatemala 100 dead; capital city moved
to present site
1784 Mar. 28 Acapulco tsunami (12 ft), several dead
1801 Oct. § QOaxaca 7 dead
1806 Mar. 25 Jalisco * many dead
1818 May 31 Mexico, Colima
1820 May 9 Acapulco tsunami
1830 Apr. 1 Guatemala
1838 Veracruz tsunami
1845 Apr. 7 Acapulco about 7 tsunami
1852 May 17 Amatitlan, Guatemala
1854 Apr. 15 Guatemala
1858 Jun. 19 Michoacén about 7
1862 Dec. 19 Antigua, Guatemald
1864 Oct. 3 Puebla
1870 May 11 QOaxaca about 7
1872 Mar. 27 Oaxaca
1874 Sep. 18 Guatemata
1875 Feb. 11 Zapopan, Jalisco 1.5
1882 Jul. 19 Pucbla
1897 Jun. § QOaxaca 7

TABLE 4

B A

CENTRAL ANL

TABLE 14.5 (cc
Date

1899 Jan. 29

1900 Jan. 19
1902 Jan. 16
1902 Apr. 19

1902 Sep. 23
1903 Jan. 14~
1907 Apr. 15
1908 Mar. 26
1909 Jul. 31
1909 Sep. 5
1909 Oct. 31
1910 May 31
1911 Feb. 3
1911 Jun. 7
1911 Aug. 27
1911 Dec. i6
1912 Nov. 14
1918 Jan. 3

1919 Apr. 17
1920 Jan. 3
1920 Apr. 19
1928 Feb. 9
1928 Mar. 21
1928 Apr.16
1928 Jun. 17
1931 Jan. 15
1932 Jun. 18
1932 Jun, 22
1936 Dec. 14
1941 Apr. 15
1942 Aug. 6
1943 Feb. 20
1943 Feb. 22
1948 Dec. 4
1954 Feb. §
1956 Nov. 9
1957 Jul. 28
1959 May 24
1959 Aug. 26
1962 May 11
1962 May 19
1962 Nov. 30
1964 Jul. 6
1965 Dec. 9
1967 Mar. 11
1968 Aug. 2
1968 Sep. 25
1970 Apr. 29
1973 Jun, 30
1973 Aug. 28
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TABLE 14.5 (continued)
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Date Epicenter M Comments

1899 Jan. 29 Oaxaca 8.9

1900 Jan. 19 Jalisco

1902 Jan. 16 Guerrero 7

1902 Apr. 19 Quetzaltenango, 8.3 many dead

Guatemala

1902 Sep. 23 Chiapas 7.8

1903 Jan. 14 Qaxaca 8.3

1907 Apr. 15 Acapulco 8.3

1908 Mar. 26 Guerrero 1.5

1909 Jul. 31 Guerrero 7%, 7

1909 Sep. S Guerrero 6.6

1909 Oct. 31 Guerrero i

1910 May 31 Guerrero 6.5

1911 Feb. 3 Oaxaca 7.25

1911 Jun. 7 Jalisco 8 45 dead, damége in Mexico City

1911 Aug. 27 Qaxaca 6.7 .

1911 Dec. 16 off Guerrero 7

1912 Nov. 14 Acambay, Jal. 7 :

1918 Jan. 3 -Guatemala destructive in Guatemala City;

several dead

1919 Apr. 17 Guatemala 7.0

1920 Jan. 3 Oxochoacén, Puebla

1920 Apr. 19 Jalapa, Veracruz about 6

1928 Feb. 9 Oaxaca 7.1

1928 Mar. 21 Qaxaca 7.5

1928 Apr.16 QOaxaca 1.7

1928 Jun. 17 Oaxaca 1.9

1931 Jan. 15 QOaxaca 7.9

1932 Jun. 18 Jalisco 1.9 tsunami

1932 Jun. 22 Colima 7.9 tsunami

1936 Dec. 14 Tuxtla Gutiérrez Chiapas

1941 Apr. 15 Guerrero 7.0

1942 Aug. 6 Guatemala 7.9

1943 Feb. 20 Paricutin, Mich. volcanic eruption

1943 Feb. 22 Guerrero 1.5 damaging in Mexico City

1948 Dec. 4 Islas Marias 1%

1954 Feb. 5 Chiapas 6%

1956 Nov. 9 Tehuantepec

1957 Jul. 28 Guerrero T2 several dead, damage in Mexico City
" 1959 May 24 Qaxaca 6.8

1959 Aug. 26 Veracruz 6.5

1962 May 11 Acapulco 6.7

1962 May 19 Acapulco 6.5 . :

1962 Nov. 30 Guerrero 5.5 local damage

1964 Jul. 6 Guerrero 6.5

1965 Dec. $ off Guerrero 6.8

1967 Mar. 11 Veracruz 5.5 damage

1968 Aug. 2 Oaxaca 6.5 damage

1968 Sep. 25 Chiapas’ 6

1970 Apr. 29 Chiapas 6.3

1973 Jan. 30 Michoacan-Colima 7.7 56 dead

1973 Aug. 28 Puebla-Veracruz 7.1 100 km depth; 600 dead

TARLE L (contd)
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MEX]ICO .

BAJA CALIFORNIA
EGH  EL GCLFO DE SANTA CLaARA = t
LAY  EARIA DE LOS ANGELES emmee 3k
RHM R10 HARDY=msma ~f~
SFP  SAN FELIPE ememt

CHIAFAS .
coM__ conitan v’
PHH  PRESA MALPASO

CHIHUAHUA
CHH CHIFUAKUA

coLIra
MNZ MANZANILLO
GUANAJUATOD
LCG LEON CERRO GORDO v/,
(¥ LEON
*JALISCO

GUM GUADAL AJARA

HEXICO
OXM OXTOTITLAN v
BPH  POPCCATEPETL

MEX1ICO F.D.
IXT C IXTAFALAPA
JAC JACUBAYA v
UNH NAT UNIVERSITY OF
MEXICO (WWNSS)

HICHOACAN
PIM C PRESA INFIERNILLO

MOREL0S
TPM___ TEPC2TLANY.

NUEVC LEON
THM TECHNOLOGICO DE MONTERREY

OAXECA
OAX OAXECA

PRESA SENITO JUAREZ «

: VHM __VISTA HERMOSA v ’
PUEBLA

PUE C PUEELA

SINALOA
CUL C CULIACAN 2
MAZ  MAZATLAN

SONORA

. CBS  CABCRCA == K

GYM  GUAYHAS s 3

TERK. DE BAJA CALIFCRNIA SUR
LAP LA FAZ ==
SRL € SANTA ROSALIA

t TLAXCALA
VGHM C VILLA GRAJALES

VERACRUZ
' VCH VERACRUZ

YUCATAN :
MER MERIOA

Table 2

A list of seismograph stations in Mexico
( USGS, Seismograph station abbreviations
and coordinates, March 1974, )
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RED NACIONAL DE MICROONDAS S.C.T.

LISTA DE ESTACIONES CONMUTADORAS.

Acapulco, Gro,

Acayucan, Ver.

Aguascalientes, Ags.

Campana, Son.
Campeche, Camp.
Campo Nuevo, Ver.
Cd. Guzmin, Jal.
Cd. Obregén,'Son.

Cd. Victoria, Tamps.

Cerro Culiacin, Gto.

Chetumal, Q.R.
Chihuahua, Chih.
Coatzacoalcos, Ver
Colima, Col.
Comitan, Chis.
Cérdoba, Ver.
Crestdén, Oax.
Culiacan, Sin.
Donaji, Oax
Durango, Dgo.

El Tormento, Camp.

Ensenada, B.C.

Guadalajara, Jal.
Guaymas, Son
Ixtepec, Oax.
Jaltipan, Ver.
Jiménez, Chih.
Juchitéin, Oax.

La Memoria, Sin.
La Mina, Chis

La Virgen, Zac.
Las Lajas, Ver.
Leén, Gto.

Loma Batea, Nay.
Loma Larga, Oax.
Lomas de Nogales, Son.
Los Lirios, Gro.
Malinche, Tlax.
Manzanillo, Col.
Matamoros, Tamps.
Martias Romero, Oax.
Medias Aguas, Ver.
Mérida, Yuc.

Mexicali, B.C.

TABLE 3

\~



Minatitlin, Ver.
Monclova, Coah.
Monterrey, N. L.
Morelia, Mich.
Neveria, Sin.

Nuevo Laredo, Tamps.

Palma Sola, Oax.

Piedras Negras, Coah.

Poza Rica, Ver.
Puebla, Pue.
Reynosa, Taﬁps;_
San Pedro, D. F.
Sabinas, Coah.
Salina Cruz, Oax.
Saltillo, Coah.
Tampico, Tamps
Tapachula, Chis.
Texixco, D. F.
Tijuana, B. C.
Torredn, Coah.

Tulancingo, Hgo.

,f-JC}~«~~

SN N

LM N

~ I e NN

RESMAG _~.” \ o~
2.

"Tuxtla Gutierrez, Chis.

Uruapan, Mich.
Vega, Coah.
Veracruz, Ver.

Villahermosa, Tab.

TOTAL 70 ESTACIONES CONMUTADORAS.



o) »

PACH IC BELT CENTRAL AND INSULAR AMERICA 191

:can through = o @ ©
(4
o
o
-]
<
o

24
2
2
14

wri, . is,

92

o0
yar'  ross ' - 1 )/
T 4 \

January 23,
probably ex-
2s in historic
If of Mexico,

Vdlahermosa

T

94

96

.ain chain of v:

I

96

int one was

a0
98

fairly severe __,T

98

(00
100

~
\
N
-

\d
N

o
Mexice
[3p]
00
Acapulc

tainous land
parallels the
is quite dif- 2]
10rth by the
1 of eastern

102

d

(3
Guadalajara

|

4
O Monterrey

-
NN

olima

p—

\

104
&7
C

\

/
AN
N

106

106

108

I \e
N

o8

.Map 8. Seismicity of Mexico: Regions 4- 5. Seismicity contours are numbered in 10! 5 ergs km™? year™*.)

g the major
allow-focus
Michoacidn,
»etween the
Ire de] Sur,
ic Belt and

Ho

[He]

12

e

e

16
na

s. North of
1to Sonora, -
t. This is a
the Rocky
" California

32
30
28
26
22
20
18
16
14




®Tmm

e

. _ Sger et
(aPTeR LommiT2)



VLI AN N

al

fldoXOL

O
/

/
/

e/

/
/
/
NOWOZ 1Y BPRINTIM ¢

W NI SN Oy 30 RLoNT
/////;

-~ - o)
~ - \
WP ) 2o

Yirg ¥is

fig,

of ST51wX

norraph stitions

Sei:

of VJICEE, Rome, June, 1073.

( Proc.



fig., b4
The Baha California Network



4

3

i g bs s o i A

-6

IS Y e

- i

T AW v A aeeav traes e

4

i e ST,

T oo r a8 2]

DH 5T PAVEL

DrYS-£P

RigS
nz24

TG
A

H324

a .

Wwesd

. DX DIST ANCL

TG ERQS

RKPS

Py o8 ExT

eox

Py A

njeg

)
LY

(2]

TR

s

d

b P

I

. in

AN Y &
VARIATION

B s e e R T S

| I (T —

y

o



S

.

3

PR

e aa

P s

L L Trewamr e

5 -4

Ll
[

R

TR ) 2

PRy

aduy

Sl A -

ECHR-1S nr PO MMrE22
CrRu 7 —o- l ] l mrze
rrtr-0 Vol oome | [avare
57597 s Trravol 3
cre TIIYSL Faveals T se] 77>eco
ryvo K Lla il 7600 2¢e FrSL Ak 773278
£ < -
N 220 25D 270
i . 2o o
VETLeD 0 l
SRR
P @D [zomen
ZL e
mE (Fees re st oD
S . Cran-0c
AR A - Lrati-0Z| .
; P Ity 22D 2
Fzea Lrali-28 :
SHEED =
. PIAT) 2P
27@2-Fm ) [a; i
. ° H AP
Cre 5 —=- Cqurludepdn® B s e O R A
Ecng o, ) zoc aeo| [7r2cez| 17777a5] A
277774y |Z7zckb 777 el
z 6
I ied o2
cry &
e aci/n-¢8
ALDII AR (Tuo)y
AT G :
EE
o —t=
e e o M. pre2d cre o
P ] I
Prome: comam .I E2l)
AVEL - s0 V.7-704 Llsr » L e L2
PErrEEY 777920 | |zrrese| [Fricsdl |FrEEeE
c/7r25 | 2 Teécrle| 7756 77 ek 7II76
- - > o
z20 a2 o2 2
. ) 2 e e
AP kP10 LA I [
e Dnati-pa L7720
/72775 77z e
PICLCn o8
. . - LAt -2 0
S R LESEMD
pewiir & ei | eai-og] - .
. zrzieel’ .
%
SO N

-—— oIS N

e LOWEST OEVZEE PLDRESS
e NIPEIT HEVICE FODALSS
e LOWEST VECTOP AOCAESS
e LONEST VECTOR HELAETSS
e INTERSUPT PATEATTY L8 784 fpORESS COCAFLONS,

ERCY ENTRY REVEPS TO
TWE CEnSECUTLIvE WiRD

-C'v(x.(o.

PR — |

RS S

PA el

RNV Y

[ PRI WY SN

J S . - R,

[

TNl et Gy

Fosras

UNIBUS
LAYOUT -

SEler e
R T A s e




.
,
’
[ .
- Tk e R e wlrEB Y e SO ARG s S el s st 0 S, - -
‘ . H PRTRN N
7 6 | 5 4 l [0 AEIE ) 2 l 1 o |
202 .
o T '
K »
- 1
. '
. ) o
. v
N +
. :
N i
- L3
* .
. : . . :
. i :
. ot
. . 1
Foran EVEINE ’
OLiieg [ .
Ot d DA . N
. . N - . H
CiMEGC { [ A
| t—— L -
| . vl 3 A g
- ! . ot {5 L paity e HILAIEDC .. l
o Ie .
Loy | {oma0e
; [{A‘H/.‘-&'C l LMot
o
3 AR Rl . ) !
o X7 H
.
U [ . )
RHIT
el . N
MFI3-UP MEN-UP . .
. T
$I-D_ rie -F .
Ahi-C £1-& »
L.
MEL-UP KDi-R »OH.A ) N
B ’
. N ’ €x BOX wig54 wigss :
cPU B CPs A
. . . . 3 ’
. ‘ . . |
. : TR AT BN e T UL T e 1
. e ARSI
H o . iyl surtes e
8 . B ailicSmmnnar’
o R g RSl LD bbb
Ll : : e T i A
1 I BO¥. ]
)
L LAYOUT -
i . .
i Kl . . - b 3D T =7
; Wt '. ‘ s ) }‘... ;.‘ ! T J___.‘ 4 -
e L : g i o N B E
F - ) . A = T ) T Py "



. ' ' s Pes Y Wi
(ows “
: .G“I DH 1 Grines x\jg F\I VT (
| TTTT— f’éo(e_figi_:.ll i
6K i
(72 /% . ’ D L!bLNES

T&_QM(MAL‘

- ’ g2Jd s
TekTLRonN 13 fof n s IF

o ey STORPGLE Scofe
O [ TS —, TSNS, Dammdck

DL
|
KiTu-¢ 7 — |
e = Sock L CaoulD {
PRec. | oSe | oo
| it T et 10D Ve TToR
v LA oo | Loote [1iniod | !
CONT—QOL. ) ——-(>l conN - wQDEES :
B |EQT&TZS J ' 1
[P, ———— I TTY
@ ( fl _é
-J v r B/ ¢ D = T
I \_‘j . otz -
] ; — L
[ Pofn lao E | PDPu- 40 K oKsSETTE
L | pAl L P ‘ o €
‘f’ A ’I - B 3z ;Lj ConTRoUER
" / { ’ MENM  MAN MERA  MAN i
o [l Jeense | - g “m_' ic"AL_S '
] ! W ¢ \ken-e
i{ , | 1 (
{ Vvar. =
§ | conTLoL,
e ’\'Au ‘o

F\% <, ?fo\)o&ed now e fu QQ\A‘P\:)LWOCU'O\A



e —

Fre

.
R N

4

£ R e o S b gl ik o e S i b e

P e, 2 5

e oy

G ST I

e

warGl Ml il L

O A b

i e Ll R o

s L L S iy

ad e

(1214

Tes
Sy
m'
tne¢
S
Ne
et
[s3544
e
siry

rea
)23 Y
cor
teot
con
Ana
Unr

r¢se

oo
Pusl
Le tte

gy

146

1
LONG J
PERIOD oN | -
TARE LINE!
[}
1
L
DETEC-
TION LOG
TAPE
EX®.OPERATION
CONSOLE {EOC)

Caal

|
b

INITIALIZATION
CARDS

IBM 360/40

LINE |

SEISMIC
BULLETIN

TELEX
{DAILY)

3

PRELIMINARY

PAPER TAPE

INITIALIZA~
TION CARDS

ANALYST
CONTROL

FINAL
SEISMIC
BULLETIN

I

HONEYWELL 316
====A

TERMINAL(S)

PAPER TAP
{WEEKLY)

BULLETIN
LISTING

A N R 2 i i s b Al i e il i o i i

Figure ,X. Physical and logical structure of the data processing -
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Resmac:
The New
Mexican
Seismic

Array

C. Lomnitz
and J. Gil

A new seismic array is currently
being installed throughout Mexico.
Resmac, which stands for Red
Sismica Mexicana de Apertura Con-
tinental, or Mexican continental
aperture seismic array, will use a
nationwide microwave communica-
tion network as a vital element in a
modern, zll-digital, integrated
system of seismic data acquisition
and processing.

The Mexican microwave network
spans the country from Tijuana to
Cozumel and from coast to coast:
hence it is called a ‘continental
aperiure array.’ Eventual coopera-
tive projects now under the con-
sideration of the Central American
nations make a southward exten-
sion to Panama a possibility. At
present, however, the Resmac proj-
ect is sponsored exclusively by five
agencies of the Mexican federal
government, there being no finan-

68

cial or technical contribution from
outside sources. The executive agen-
cy is the National University of
Mexico, which is in close coopera-
ticn with the Department of Com-
munications and Transportation of
the federal government.

The Resmac System

The system is accessible through
any of 320 microwave transmission
towers in the 30 states of Mexico.
Most of these towers are located at
remete mountain sites where condi-
tions for seismic recording are close
to optimal. The sensors will be
buried in shallow wells within 250
m of the transmission towers. Three
types of stations are currently being
built at the CIMAS (Centro de
Investigacién en Matemdticas
Aplicadas y en Sistemas) Digital
Design Laboratory of the University
of Mexico: (1) passive single station,
type TT; (2) multicomponent sta-
tion, type T; and (3) type I station.

The type TT station digitizes the
output from a single vertical
seismometer and feeds the data via
Modem to a voice grade channel
(Figure 1). Timing and calibration
are also provided. The type T station
may include up to six different sen-
sors, digitized at different sampling
rates: short- and long-period
seismometers, tide gages, strain-
ometers, and so on. The type I sta-
tion includes a microcomputer unit;
it may detect and store seismic in-
formation and transmit such infor-
mation either continuously or in the
batch mode. This type of station
may be interrogated from the data
center, and it may also be tuned by
remote control.

The Data Center

The microwave terminal building
of the Mexican national com-
munications system is located some
8 km from the data center on the
University of Mexico campus. A

CONVERT

CALIBRATION

SAMPLE AND |
HOLD

A/D

! LOAD

>

CONVERTER

12 BITS

DIGITAL

EMPTY

CONTROL

A

>

~ MULTIPLEXOR

Csemmizen |>—to-] ooew ]

Figure 1.

Station TT.
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microwave link will be set up to
bypass the telephone switching
systems. The data processing
facilities feature a duplex computer,
including two identical central pro-
cessor units (CPU) which are ac-
cessible through a common switch-
ing unit (Figure 2). One of the
CPU’s handles up to 100 channels of
incoming digital data in real time,
while the second CPU is held in
standby for periods of maintenance
or malfunction. The standby unit is
also used for off-line processing.
Each unit has independent core,
disk, and tape storage; in addition,
the off-line unit has an interactive
screen terminal, which will be used
for data editing and for a wide range
of research activities.

Most routine functions, such as
epicenter and magnitude deter-
minations, bulletin compilations,
and emergency messages for official
use, will be executed automatically.
Some research functions may also
be programed for automatic execu-
tion, e.g., steering the array to focus
on a specific region after a large
earthquake has just occurred in
that region. Surveillance of specific
regions to detect premonitory
changes in seismic transmission
characteristics may also be pro-
gramed as it is required.

An Instrument for Earthquake
Risk Studies

Resmac will be a powerful tool for
seismological research. At present,
however, because of budget limita-
tions, only those seismic events
detected by the system itself and
deemed to be of interest to geophys-
icists will be stored on tape. The
algorithm which detects these
events may be set at a conventional
threshold; except for special re-
search purposes the emphasis will
be on domestic earthquakes.

Mexico is situated at the intersec-
tion of four major lithospheric
plates. Its territory contains an im-
portant sector of the east Pacific
" rise, with active spreading in the
Gulf of California; a major active
oceanic trench; at least two triple
‘junctions off the Pacific Coast; and
one of the greatest chains of active
volcanos in the world.

MEMORY DISK
cruy
SYSTEM SYSTEM
GRAPHIC
CONSOLE DISPLAY
SYSTEM
ELECTRONIC DATA
COMMUNICATION
: SWITCH UNIT
CONSOLE
MEMORY DISK TAPES
cpu
: SYSTEM| [SYSTEM

s i

Figure 2. Processing facility.

Earthquake hazard has become a
controlling factor in industrial ex-
pansion and economic development.
In many states the incidence of
earthquakes is very poorly known.
Quite recently, the engineering
design factors of two large new
power projects (one hydroelectric
and one nuclear) had to be raised
substantially to allow for incom-
plete information on local seis-
micity. Hence the immediate objec-

tive of Resmac will be to provide a

full coverage of the national territo-
ry for uniform and reliable earth-
quake information to be used in zon-
ing, microzoning, and other meth-

ods of estimating earthquake risk
on a regional or local scale.

The research facilities at the"

Resmac data center will be made
available to Mexican and foreign
scientists on a demand-quota basis.
Limited operation of the system is
scheduled to begin in about one
year. Research in hardware and
software design at the National
University of Mexico is being car-
ried out under a contract awarded
by CONACYT, the Mexican Na-
tional Research Council, which also
acts as the coordinating agency on
behalf of the Mexican federal
government.

Cinna Lomnitz received his M.S. in

Harvard University and his Ph.D. in 1955 from
the California Institute of Technology, where he
remained as a research fellow in seismology until
1957. He has since been associated with Latin b
American seismology, first as the Director of the j
Institute of Geophysics at the University of Chile
and currently as head of the Seismology Depart-
ment of the Institute of Geophysics at the
University of Mexico and as Earth Science Coor-
dinator of the Mexican National Research Coun-
cil. ' He is also currently ‘debugging’ a new
program for epicenter location called Resmac 3.

Jorge Gil is head of the Digital Design Laborato-
ry al the CIMAS Center for Applied Mathematics
and Systems at the University of Mexico. He
graduated in 1960 from the Instituto Politécnico
Nacional in Mexico and has since worked at the
Mexican Atomic Energy Commission, the In-
stituto Politécnico Nacional, and the University
of Mexico. In addition to his teaching and
research work on digital circuits, Jorge Gil is in-
terested in the mathematical structure of musi-

cal compositions.
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IMSTITUTO DE GECFISICA

OBJETIVO

Realizar investigaciones para conocer y resolver proble-
mas del mundo on que vivimos, sus océanos, atmdsfera
y el espacio que lo rodea. Estudiar los fendmanos que
directamente afectan al hombre, tales como ¢l estado
del tiempo y las mareas. Tratar de preveer fendmenos
catastréficos como sismos y erupciones. Desarrollar
1as técnicas que pernmitan un mejor conocimianto de los
recursos minerales y energéticos con que se cuenta y
en resumen todos los estudios tedricos y précticos del
niedio ambiente en que vivimos

EVCLUCION

1945 Se crea el Instituto de Geofisica, a partir de un
Departamento del Instituto de Geologla. Empieza
a funcionar en 1249

1954 Se le destinan los pisos 3, 4 vy 5 de la Torre de
Ciencias, en Ciudad Univarsitaria

1976 3Se traslada el Instituto 2l nuevo edificio en-el
Conjunto de instalacionss del Circuito Exterior

DIRECTOR

(Dr Julidn Adem )
(5 de marzo de 1€71-5 de marzo de 1977)

SECRETARIO

MIEMBROS DEL CONSEJO INTERNO

Dr Julidn Adem {Presidants)
Men C Humberto Bravo

Men C Luis Dsl Castillo

MenC Ruth Gall

Dr Cinna Lomnitz

Ing Pecro Mosifio

MIEFABROS DE LA COMISION DICTAMINADORA

Dr °  Ismael Herrora
Ing Alberto J Flores
Dr Santiago Lépez de Medrano

Dr Juan Manuel Lozano
-SUPERFICIE CONSTRUIDA 5,443 m2
PRESUPUESTO 1976 $29,434,438.00
INVERSION EN EQUIPO
CIENTIFICO $20,000,000.00

PUBLICACIONMES

Geofisica Internacional (4 niimeros al afio)

Anzles de! Instituto de Geofisica -

Tabias de Predi.ccién deAMareas. Puertos del
Golio de México

Tabias de Prediccion de Mareas. Puertos del
Océano Pacifico '

Observatorio Magnéiico de Teoloyucan, Méx.
Valores Magnéticos

Noticiario
. e s
Datos Geofisicos

ORGANIZACIOM ACADEMICA
Depattamentos

Ciencias Atmosféricas

Contaminacién Ambiental

Espacio Exterior

Exploracion Geofisica

Geodesia y Gravimetria

Geomagnetismo

Sismologia y Fisica del Interior de la Tierra
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Secciones

Oceanografia Fisica
Servicio Mareoqrafico Nacional
Prondstico de Mareas

Laboratorios

Geohidrologia y Contaminacioén dz Aguas

Propiedades Eléctricas de Rocas

Paleomagnetismo y Geofisica Nuclear

Estaciones Experimentales fusradela
Ciudad Universitaria

21 estaciones sismol6gicas distribuidas en
la Repiblica iMexicana
20 estaciones mareogréficas (13 en la Costa
del Pacifico y 7 en la Costa del Golfo
de México)
3 estaciones de Radiacién Solar (incluyen-
do lade CU)
1 Observatorio Magnético en Teoloyucan
70 estaciones magnéticas de repeticidn,
. ubicedas en diversos puntos de la Re-
. " puablica Mexicana
PERSONAL ACALEMICO*

Departamento de Ciencias Atmosféricas

Jefe de Departamento Dr Juiién Adem

- Sr
Met
Sr
Sr
Fis
MenC
Fis
Fis
Dr
.Sr
Fis

Angel Alvarez
José Arroyo G
Sergio Arzac
Ricardo Berlanga 2
José Luis Bravo
Enrique Buendia
Liborio Cruz
Alfonso Estrada Betancourt
lgnacio Galindo
Luis Galindo L
Sergio Guzmén

* Al 30 de agosto de 1976
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Fis Gabyriel Haro )

Mat Juan Carlos Iracheta

Men C Luis Le Moyne

Men C Amando Leyva

Sr Elio Loza Llanos

ing Jesis Martinez Guerrero

Sr Gilberto Martincz Mares

Ing Pedro Mosifio

Fis Agustin Mubhlia

Sr Heriberto Ornelas

Srita  Guadslupe Patiiio

Srita  Inés Ramirez Pioquintos

Fis Rodolfo Revilia

Sr Gil Rodriguez Rivera

Men C Sergio Serra Castelédn

Sr Vidal Valderrama
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Electrénica del Sistema de Espectrometria de rayos gamma.
Muestra la salida ds los datos del Analizador Multicanal al

Teletipo
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Instalaciones del Instituto de Geofisica en el Circuito Exterior, inauguradas
el 29 de noviembre de 1976
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Departarment? de Coniaminacién Ambiental
Jefe de Departamento Dr Humbsrto Bravo

Ing Salvador Ayanegui
MenC Humberto Bravo
Quim Noelia Garcia Pefa
Fis Radl Magatia
Quim  Scnia Salazar

Departamento de Espacio Exterior

Jefe do Departamento M en C Ruth Gall

- Fis Silvia Bravo
Dr Javiar OQtacla
Fis Adolfo Orozco
Men C Roman Pérez
Dr Héctor Pérez de Tejada
Sr Alejandro Salas
Fis Oscar Troncos?
Sr José Francisco Valdés
Sr Gerardo Zenteno

Departamento de Exploraciéri Geofisica

Jefe de Departamento M en C Luis Del Castillo

Men C Alberto Dominguez
ing Roberio Dominguez Burguete
Men C Tomés Gonzdlez Morén
Mat Lazaro Mendive Abreu
. Sr Marcelo Rivas Torres
Men C José Héctor Sandoval Ochoa
Dr Shri Krishna Singh
Ing Jaime Urrutia F

Seccién de Geodesia y Gravimetria
Jefe de Seccién Ing Julio Monges Caldera

Ing Macaric Martinez
Sr Manuel Mena Jara
Sr Eduardo Salyano J

88

Seccidén de Geomagnetismo

Jefe de Seceidn Mat Anselmo Chargoy

Ing Carlos Cafdon Amaro
Mat Lucia Chargoy
Mat Manuela Garin de Alvarez

Departamento de Sismologia y Fisica dzl
Interior de la Tierra

Jefe de Departamento Dr Cinna Lomnitz

Ing. José Luis Acosta Cussi
Men C Servando dela Cruz
Men C Sergio Ferrdes

Ing Jesus Figueroa

Sr Zendn Jiménez

ing Federico Mooser

Dr José Merino y Coronado
Dr Lautaro Ponce M

Sr Bernardino Rubi
Fis Jerénimo Rubi
Dr Federico Sabina

Seccién d= Fisica d2l Océano

Jefe de Seccién M en C Radl Ocampo

Fis Miguel Angel Alatorre
Men C José Barberdn

Dr ingvar Emilsson
Fis Agustin Ferndndez
Dr Nicolss Grijalva  {
. Fis Francisco Ruiz Renteria

Servicio Mareogréfico Nacional

Jefy de Seccidn Ing Herminio Cepeda

Arq Ma de la Luz Bernal

Sr José Trinidad Guzmén
Sr José Quintana Esquivel
Sra Martha Rojas de Siiva
Ing Ruffo Arce

Sra Alicia Estevez de Castillo
Ing Francisco Grivel Pifa
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Laboratorio de Geohidrologiay
;ontaminacion de Aguas

Jefe de Laboratorio Men C Armando Béez
Sr Raul Belmont
Men C Diana Garcia
Quim Eréndira Gémez Barredo
Quim Ofelia Guzman de Gonzalez
Fis José Antonio Lépez Cruz
Quim Irma Rosas
Quim  Felipe Solorio

Laboratorio de Propladades -iéctricas
de Rocas

Jefa de Laboratorio Dr Roman Alvérez "
Sr Michael Andrade
Sr Ledn del Rio

_Laboratdrio de Paleomagnetismo
y Geofisica Nuclear
Jefe de Laborats:io Dr Surendra Pal

Fis Robzrto Carrillo
1 ng Ermuio Herrero
Fis David Terrell

Coordinacién Académica

“ncargada
Fis Consuelo Gémez de Medina
_ - 8eccish Editorial

Jefe de Secéﬁ(sn Dra Martha Adem
Pas - Guadalupe Aceves
Sra Thelma Gutiérrez

PROYECTOS DE INVESTIGACION EN PROCESO (31) -

Ap!icacién del Modelo Termodindmico del Clima
al Mar Caribe y al Golfo de México

Aplicacién del Modelo Termodindmico para ex-
plicar la sequedad de los desiertos

Aodelos de prediccidn a corto plazo

Preparacion de una Carta de Radiacion Solar pa-
ra la Republica Mexicana

Climatologia de la turbidez atmosférica en la
Ciudad de México .

Prediccidn de temperatura de placas y eficiencias
de calentadores solares de agus, en base a los
datos meteoroldgicos

Parametrizacién de los componentes radioactivos
de la atmdsfera

Posible relacidn de las anomalias mensuales de
la temperatura superficial de los océanos vy.la
frecuencia de los huracanes en el mismo periodo

Programa que pronostica la posicién de los hura-
canes en el Pacifico Nororiental (EPANALOG)

Efecto de corrosion de la contaminacién atmos-
férica en la Ciudad de México, sobre metales

Ls calidad de aire en cuatro ciudades mexicanas,

usando una estacién movil

) 1
Primera parte del modelo matemético para el
manejo de residuos sdlidos en zonas urbanas
maritimas mexicanas

Segunda parte de la ““Aplicacion de modelo ma-
tematico para manejo de residuos solidos en
Veracruz, a la ciudad de Santiago, Republica
Dominicana”

Estudio del transporte y difusién de un conta-

- minante no reactivo en la Cuenca del Valle de

México
- -89
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Segunda fase del eswdio —Aeropuerto— Me-
dicién de particulas v gases de emisién por tur-
binas de acronaves

Estudio para tratamiento de efluentes liquidos
de ingenios azucareros .

" Estudio preliminar del tamafio y ndmero de

particulas 3 micras desde la superficie a 9,000
pies de aitura en la Cuenca del Valle de México

Estudio d= funciones de nlcleo a partir de ecua-
ciones integro-diferenciales y difero-diferenciales
con posibles aplicaciones en sistemas no-linea-
les, asi como con particulas lineales

Observaciones gravimétricas para la elaboracion
del Plano de Anomalias Gravxmétncas de la Re-
pubhca Mexicana

Observaciones geomagnéticas en la RepﬁblicaA

Mexicana, Panamé y Costa Rica (para elaborar
la Carta Magnética de México y Centroameérica
para la época 1975.0)

Mecanisrnos de conduccién e!éctnca an el rego—
lito funar

Estudio de propiedades eléctricas de muestras
de carb6n de la regidon de Sabinas, Coah

——
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Estudios aeromagnéticos en fa zona de Alchichi-
ca, Pue.

Programa de percepcién remota de minerales
Conductividad a alta temperatura (hasta 1,200°C)

Estudio sobre los efectos de la contaminacién
industrial en el estuario del rio Panuco

Estudio sobre la contaminacién y transporte de
metales pesados residuales en el Gran Canal del
Desagie vy la zona de influencia en el distrito de

riego de Tula, Hgo.

Proyectos Especiales

Red Sismoldégica Mexicana de Apertura Contn-
nental (RESMAC)

Proyecto de Estimulacién de la lluvia en el Valle
de México

Tab’a de valores para la red mundial de estacro-
nes de rayos cosmicos solares

Evolucién inicial de la naturaleza del sismo ocu-
rride en Guatemala el 4 de febrero de 1976

TRABRAJOS DE INVESTIGACION PURBLICADCS
{1975-1976} 115
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INSTITUTO DE INGENIZRIA

NBJETIVO

nealizar investigacién aplicada y fundamental para
estimular e! avance de l2 ingenieria y contribuir 2l de-
sarroilo tecnoldyico del pals

EVOLUCION

1955 Comienzan ias actividades del Instituto de inge-
nieria A. C. como asociacién no lucrativa, ocu-
pando prestado el s6tano del Instituto de Geologia

1957 Se incorpora a fa Universidad como Divisién de
Investigaciones dec la Escuela Nacional de Inge-
nieros, manteniendo ei nombre de Instituto de
Ingenieria

1976 Se crea oficialmente el Instituto de Ingenierfa

- DIRECTOR

Dr  Daniel Reséndiz Nifiez
{6 de junio d= 1974- 6 de septiembre de

1982)
" SUBDIRECTORES
Ing Gabriel Auvinet Guichard
> *ing Antonio Capella Vizcaino
Ing Jorge Elizondo Alarcén
e Luis Estava Maraboto

- MIEMBRGS DEL CONSEJO INYERNO
ing Oscar De Buen Lépez de Heredia
Ing Neftali Rodriguez Cuevas
Dr Emilio Rosenblueth

MIEMBROS DE LA COMISION DICTAMINADORA

Ing José Luis Sanchez Bribiesca
Ing Odén De Buen Lozano
ing Daniel Ruiz Ferndndez

Menl Jests Alberro Ardmburu

Dr - OQctavic Rascén
Dr Gabriel Echévez Aldape
SUPERFICIE CONSTRUIDA 6,600 m2

PRESUPUESTO 1276 $60,000,000.00

INVERSION EN EQUIPO CIENTIFIC0O$15,000,000.00

PUBLICACIONES

Informe de actividades (anual)

Boletin {4 veces por aiio)

Serie técnica én espafiol (aperiddica)

Serig técnica en Ienguaé extranjeras (aperiéfjica).
6RGAN32F‘;C§ON ACADEM!CA

Automutizacién y Electrénica
Dindmica
Estructiras
Hidraulica .
Ingenie-ia de Sistemas «=a

. Ingenieria de Tréansito
Ingeniaria Mecénica
Ingenieria Sanitaria ‘
Ingenieria SISMICa s ]
Ingenieria Térmica
Mecénica de Suelos
Pavimentos
Planeacién
Vias Terrestres

PERSONAL ACADEMICO*

Sr Eduardo Acosta Lara
Menl Manuel Aguirre Gandara

* Al 30 de septiembre de 1976
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Ing
MenC
Dr

Ing
Ing
ing"
Ing
Menl|
Dr

Dr

Ing

Dr

Ing
Ing
Ing

Menl
Ing

Sr

Dr

- Ing

Ing
Men!
Ing
Dr

Dr
Menl
Sr
Ing
Ing
Ing
ing
Ment
ing
Menl
Dr
Bid!
Ing
Ing
MenC
Ing.
MenC
Dr

Jesus Alberre ArSmburu
Rafael Almanza Saigado
Antonio Alonso Concheiro
Luis Alonzo Coria

Gustavo Rafael Aranda Herndndez .

Alfonso Arenas Diaz
Arturo Arias Susirez
Gabriel Auvinet Guichard
Gustavo Amcdo Ayala Milian
Renato Barrera Rivera

oisés Berezowsky Verduzco
Jacobo Bielak Radoshicka
Agustin Brefia Puyol
Alberto Camacho Sanchez
Jaime Camargo Hernandez
Roberto Canales Ruiz
Antonio Capeila Vizcaino
Carlos Gastén Carvajal Nava
Eugenio Domingo Cobo Pérez
Leonel Corona Trevifio
Santiugo Corro Caballero
Carlos Cortés Ruiz
Carles Cruickshank Villanueva
Euier Chargoy del Valle
Enrique Chicurel Uziel
Ricardo Chicurel Uziel
Andrew Dawson Wayne
Pablo Delgadillo Reynoso
Oscar De Buen Lépez de Heredia
Enrique De la Serna Ramirez
Carlos Diaz Mora
Enrigue Diaz Mora
Jorge Abraham Diaz Rodriguez
Ramén Domingusz Mora
Juan N. Dyer ds Leén
Gabriel Echévez Aldape
Beatriz Eugenia Elfas Lépez
Jorge Elizondo Alarcén
Juan Manuel Espinosa Aranda
Leopoldo Espinosa Graham
Raul Espinosa Islas
Raul F. Esquivel Diaz
Luis Esteva Maraboto

Dr
Ing
Bidl
Sr
Ing
Ing
Ing
Ing
Ing
Ing
Ing
Srita
ing
Ing
Menl
Dr
Ing
Ing
Ing
Dr

Dr
MenC
Ing
Dr
Ing’
MenC

ing
ing
Ing
Menl
Sr

Dr «
Sr
Menl
Menl
Ing
MenlL
Sr

Dr

Ing
Ing
ing
ing

Ezio Faccioli Mistrorigo
Francisco Flores Herrera
Francisco José Flores Tena
Victor Franco

Bernardo Frontana de la Cruz
Armando Fuentes de la Rosa
Oscar Arturo Fuentes Mariles
Manuel Garcia Flores

Sergio Gerard Bertrand

Javier Eugenio Gonzélez
Jesus Gracia Sénchez

Lucia Guaida Escontria
Osbaldo Rubén Cuerra Jiménez
Servio Tulio Guillén Burguette
Oscar Herndndez Basilio
Gerardo Hiriart Le Bert
Rosario lturbe Arguelles
Alberto Jaime Paredes
Luis Jiménez Escobar
Eulalio Judrez Badillo
Felipe Lara Rosano
Gerardo Legaria Martinez
José Luis Ledn Torres
Enzo Levi Lattes -
Santiago Loera Pizarro
Anastasio Lopez Zavala
Antonio Lozada Rautista
Julio Lozoya Corrales
Miguel Madinaveitia Jurgenson
Miguel Madinaveitia Villanueva
Roberto Magaliares Negrete
Samuel Mcldonado Caballero
Radl Jaime Marsal Cérdoba
José Luis Martinez Paiacios
Belsay Martinez Romero

José Antonio Maza Alvarez
Marcos Mazari Menr.er

Carmen Meda Vidal

Eduardo Medina Herndndez
Roberto Meli Piralla

Victor Manuel Mena Ferrer
Enrique Mena Sandoval

Carlos Javier Mendoza Escobedo
Gaston Mendoza Gadmez
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Ing
Menl
Ing
Ing
Ing
Ing-
ing
ing
Srita
Ing
Ing
Ing
Sr
Ing
Ing
Ing
MenC
Ing
Ing
Meni
Ing
Ing
Dr

Dr
ing
Ing
Ing
Menl
Dr

Sr
Ing

Sr
Menl
Menli
Ing
Menl
Menli
Arq
ing
ing
Menl
Menl
Dr

Manuel Jesis Mendoza Lopez
Enrigue Mendoza Otero

José Luis Montafio Angeles
lgnacio Mora Gonzélez

Victor Morales Najar

Juan Morcos Salman

Felipe Mufioz Gutiérrez

Fidel Nader Delgado

rene lsabel Navarro Gonzélez
Gonzalo Negroe Pérez

Juan Luis Neuman Vélez
Alfredo Olivares Ponce
Marciano Padilla Mufioz

Victor José Palencia Godmez
Rodolfo Peters Lammel
Guillermo Prado Oliervides
Jorge Prince Alfaro

Roberto Federico Quaas Weppen
Luis Ramirez de Arellano Alvarez
Jorge Ramirez Flores

Carlos Ramirez Valznzuela
Armando Rangel Ordofiez
Octawviv Rascon Chiévez

Daniel Reséndiz Nidfiez
Alzjandro Reyes Ganzélez
Francisco H. Redriguez y Cayeros
Edgardo Rodriguez Conrado
Neftali Rodriguez Cuevas
Emilio Rosenblueth Deutsch
Julio Aiberto Ruiz Barrén
Daniel Ruiz Fernandez

Eduardo Rukos Manzur

Marcos Ivan Saavedra Brofman
José Luis Sénchez Bribiesca
Francisco José Sanchez Sesma

" Horacio Sandoval Rodriguez

Enrique Santoyo Villa
Carlos Silva Echartea

José Ramén Sordo Cedefio
Francisco Suzan Colombres
Victor Talavera Rodarte
Francisco Téllez Granados
José Luis Trigos Suérez
Mirna Urquidi Fernéndez

Sr Ramén Enrique Vera Salvo

Menl Augusto Villarreal Aranda

Sr Oscar Weckman Mufioz

Bist  Jorge Zamacona Evenes .

Ing Jorge Zérate Cruz
Asesores

Dr Cinna Lomnitz
Dr Singh Shri Krishna

PROYECTOS DE INVESTIGACION EN PROCESO
(183)

Autormatizacién

Traduccién del lenguaje oral al de méquina
{3a. Etapa)

Procesamiento de imagenes

Simulacién dindmica y desarrollo de algoritmos
para el control en tiempo real de la red nacional
de potencia

Disefio de un registro automatico de vehiculos

Desarrollo de una terminal de video de 7 colores

Programacidn de un monitor de tiempo real para
computadoras redundantes

Uso actual y racionglizacién de energéticos

Estudio de problemas extremos
Din&mica

Respuesta sismica de estructuras
Optimizacién del disefio estructural
Licuacién de arenas, 2a. parte

107
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Vibracién forzada de bases apoyadas sobre me-
dios elésticos

Estudio espectral de sismos

Andlisis dindmico tridimensional de estructuras
térreas

Pardmetros de la fuente sismica del temblor de
Qaxaca

Procedimiento de formacién de grandes especi-
menes de arena

Andlisis critico de los usos de 1a energia del viento
Interaccidn dirdmica no lineal suelo-estructura
Regionalizacién edlica de la Repdblica Mexicana

Identificacién del sistema estructural para fines
de disefio sismico

Mantenimiento de la red de anemdgrafos y ban-
co de datos sobre viento

Efectos locales sobre fa evaluacién probabilistica
del riesgo sismico

Duques de Alba: Estructuras de proteccién,
2a. parte

Respuesta dinémica de estructuras apoyadas
sobre pilotes de friccién

Anélisis de interaccion dindmica suelo-estructura
como problema de difraccién

Estructuras y Materiales

108

Libro sobre estructuras metélicas
Ménsulas en extremos de vigas, 2a

Propiedades de mamposteria pretensada

¥4

Control de calidad de los concretos en grandes
obras

Caracterfsticas fisicas del agregado ligero ""Gra-
vamil 700" vy su comportamiento en concretos
estructurales

Revisiones y adiciones al Reglamento del Distrito
Federal

Pruebas de carga. Criterios de evaluacién con
bases probabilisticas

Disefio sismico de estructuras con muros de con-
creto. 1a. parte. Acondicionamiento de equipo y
ensayes preliminares

Libro de disefio de estructuras de madera

Ensaye a flexion en rejillas metélicas 5

Manual para disefio y construccion de estructu- -

ras de concreto reforzado

Pruebas fisicas en especimenes de concreto y
tavique tratados con un producto impermeabi-
lizante ’

Paneles de ferrocemento para vivienda econdmica

Procedimientc de reparacién de viviendas de
adobe en Chiapa de CorzoaChis.

P 4
Revestimiento de canales con ferrocemento

Ensayes dindmicos de estructuras reforzadas en
Chiapa de Corzo, Chis.

Materiales silico-calcdreos de bajo costo (3a.
etapa)

Muros de adobe mejorados

Vivienda rural en zona sismica
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Unidad hidro-sanitaria para vivienda rural

Estudio de las dimensiones y saparacion de los
durmientes en la linea A", Coatzacoalcos-
Mérida, de Ferrocarriles Unidos del Sureste.

Estudio analitico de las propiedades carga-defor-
macion lateral de muros de mamposteria

Anélisis sismico de vivienda rural

ingenieria Hidréulica

Seminario sobre Drenaje

Disefio hididulico del vertedero de la presa
Chicoasén. Chis.

Efectos de flujos de alta velocidad en ductos de
concreto.

Instrumentacion hidrolégica de la cuenca Chi-
coasén, Chis {1a. Etapa)

Diseiio hidréulico del vertedor de la presa El
Caracol

Obras de proteccion y encauzamiento del rio
Verde, Oax.

Optimizacion dz sisterna de riego
Azolvamiento de embalses. Primera parte
Manejo del agua en el delta del rio Balsas

Previsidon de la erosion en Tlaxcala (2a. Parte)

. Bstudio geohidroldgico preliminar en San Hilario, B.C.

Asesoria sobre métodos de anélisis de drenaje
urbano

Drenaje del Valle de Méxica

Velocidades maximas permisibles en tuberias de
drenaje urbano

Efectos Hidrolégicos de fa urbanizacién (2a. Parte)
Hidrologia sistematica (2a. parte)

Aplicacién de los sistemas de informética a la
previsién de hidrogramas

Estudio de la red de alimentacién vy la red prima-
ria de distribucion de agua potable en el Valle dz
Meéxico

Participacién en el Proyecto Hidroldgico Inter-
- nacionel de la UNESCO

Modelo fisico para el trénsito de avemdas en
colectores

Ingenieria’ Mecénica, Fluidos y“Térmica

‘Implamentacién de un laboratorio para pruebas
de alta velocidad

Instrumentacién y medicidn en canales vertedo-
res de La Angostura

Sellado hidr&ulico de bombas centrifugas

Estriacionas longitudinales y procesos de-transi-
cién en capas de pared

[y

Modificaciones al transporte econdmico para el
campo

Desarrollo de un motor rotatorio de vapor
Turbulencia en tanques amortiguadores
Bomba solar de agua

‘Calentadores domésticos hibridos .
109
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Sistemas de enfriamiento de las termoczléctricas
Progreso, Manzanilio, Punta Prieta, Campeche
Mazatldn y Guaymas

Uso de pclimeros para reducir arrastre friccional

Prospectiva de la hidrjulica en México

Aplicacién del proyecto sobre comportamiento
de recubrimiento de concreto

Dispositivo para absorcion de energia

{ngenieria Sanitaria

_Impacto de los detergentes en el recurso hidréu-

lico (4a. etapa)
Distribucion de contaminantes en el rio Santiago

Distribucién vertical de {a produccidn neta de
oxigeno por fotosintesis

Efecto de viento y lluvias en el coeficiente de
sireacion superficial en lagos

Evaluacién de las alternativas factibles para la
operacién de la laguna evaporadora de Cerro
Prieto, B.C.

Micrometeorologia y difusién de contaminantes

Reuso del agua en la Ciudad de México

Contaminacién de acuiferos por liquido percola-
do de un relleno sanitario

Ingenierfa Sismica

110

Instrumentacion Siesmica en el Edificio de la
Loteria Nacional

Telernetria hidrolégica en Chicoasén, Chis. cwe

Colaboracién con la Asociacién Internacional de

Ingenieria Sismica
Disefio de un fechador para acelerogramas

Informacién para el Boletin sismoldgico del Ins-
tituto de Ingenieria

Instalacion de cinco acelerdgrafos en la SidarGr-
gica Lézaro Cérdenas. Las Truchas, S.A.

Mantenimiento de acelerbgrafos

Disefio y construccién de canales acelerométri-
cos de muy alta ganancia para la red SISMEX

Reconstruccion de la estacion Tuxpan de la red
SiSMEX

Mantenimiento de la red SISMEX .

Disefio y construccién de un sistema de graficacién
Mantenimiento del sistema de procesamien-o de
datos de la mesa vibradora y entr2namiento del
personal

Disefio y Construccién de un transmitor de VHF ==
Deteccién de errores en el sistema de digitizacion =

Disefio y construccién de fr?cuencx'metros digitales

¢ . ,
Segunda fase de construccién de la red de tele- =
metria sismica de Chicoasén, Chis.

Desarrollo de un radio receptor de VHF =

Participacién en el Comité consuitivo de normali-
zacion basica del CONACYT

Segunda fase de construccién de 1a red hidrol6- -
gica de Chicoasén, Chis.
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Construccion v Prueba del equipo para 1as esta- -

ciones de la 1ed telemétrica hidroldgica de Chi-
coasén, Chis.

Estudio de mccanismos focales en el noroeste de
la Repablica.

Ingenieria de Sistemas

Control de avance de obras en la Refineria de
Tula, Hgo.

Evaluacién econdmica del tractor agricoia UNAM

Seleccion de tecnologias y sus efectos en ia dis-
tribucion del ingreso

Transferencias de tecnologias en México
Toma de decisiones con objetivos mdltiples
Organizacién matricial de una empresa
.Definicién de !a red nacior.al de transporte
Anélisis de forrnas mixtas de transporte

Costos de servicios en las ciudades segtn su
tamafio

Calidad de la vida segin el tamaiio de las ciudades

Localizaciéon déptima de estaciones maestras
de conteo de vehiculos

Instrumentacion

Equipo de medicién sléctrica de dos hilos

Registro automatico en campo con grabadora de
audio

Transductor para medir aceleracion

Amplificadores modulares para pruebas de campo

Prototipo de una central de adquisicidn de datos

Mecanica Aplicada

Evaluacidn de proyectos, sistemas constructivos
y materiales

Respuesta sismica de muros de relencion
Sistemas de piso a base de losas reticulares

Algunos prcblemas en el andlisis sismico estéti-
co de edificios

Efectos de esheltez con relacion con los regla-
mentos de diseiio estructural

Recomendaciones para disefio sismico de tanques
Métodos aproximados para el andlisis y disefio
de mercos rigidos de dos dimensiones, utilizando
subconjuntos (ia. parte)

Mode!o constitutivo dindmico de arenas saturadas

Determinacién de parédmetros para disefio sismi-
co en la planta termoeléctrica de Manzanillo, Col.

Desairollo y evaluacién de sistemas para fimitar
las acciones sismicas sobre edificios. Erapa Il

Andlisis plsstico de entrepisos de marcos de acero-
Disefio 6ptimo de%rmadu,ras y marcos planos
Andlisis estético y dindmico de tineles y canales

Influencia de factores locales en los movimientos
sismicos

Mecénica de Suelos

Propiedades mecanicas de materiales de la Presa
Necaxa
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Subsuelo da 17 ciudades
Comgportamiertto de presas consiruidas en México

Colaboracion con fa Comisidn de Zonas hMinadas
del D.F.

Estudios de amplificacién sismica en el Valle de
México

Ensayes triaxiales con trayectoria de esfuerzos
efectivos controlados

Estudio del comportamiento de arenas en condi-
ciones de corte simple ciclico

Criterios de disefio para cimentaciones sobre
suelos exparisivos

Agrietamiento de terraplenes (4a. Etapa)
Ecuaciones constitutivas de arcilfas

Estudio geotécnico, linea A, Ferrocarriles Unidos
del Sureste (2a. Etapa)

Ensaye de los materiales de construccién de la
cortina de la Presa Chicoasén

Comportamiento de pedraplenes (1a. etapa)

Programa para computadora para la solfucion de
problemas de estabilidad de taludes (Léase )

Ardlisis de respuesta dindmica de presas

Asesoria A SICARTSA, mina abierta de Ferro-
tepec

Asesorfa a SICARTSA, estudios geotécnicos

Instrumentacidn estatica Presa Andrés Figueroa,
Gro.

Analisis de estabilidad de laderas rocosas

Defiricién y reconocimiento de las areas afecta-
das por licuacién, sisimo de Chiapa de Corzo,
Chis.

Vocabulario Técnico en espaiiol de mecénica de
suelcs

Criterios de disefio sfsmico de fa Presa Chicoa-
sén, Chis.

Aparato de corte por torsién para suelos com-
pactados

Mineralogfa de las arcillas en las Presas Necaxa,
Santa Anay lLaguna

Asesoria sobre disefio y construccién del proyec-
to Chicoasén, Chis.

Sistema para medicién piezométrica en rocas.

Anélisis sfsmico tridimensional de la presa Chi-
coasén Chis.

Prcpiedades mecénicas de arcillas de presas

Evaluacion del procedimiento constructivo del
Lago Texcoco Sur

Fiiccion negativa en pilotes {2a. Etapa)
Cémara triaxial T-30-75. Etapa Final
¢
Especificaciones para pruebas de laboratorio de
mecénica de suelos (1a. Etapa)

Cémara triaxial T-30-75, Etapa Final

Especificaciones para pruebas de laboratorio de
mecénica de suelos {1a. Etapa)

Alternativas posibles para el desarrollo de las
obras del Lago de Texcoco ’
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Pavimentos trigidos para aeropistas ds Zum-
pango, Méx.

Desarrolio de un clasificador de trénsito

Evaluacion de pavimentos en la red nacional y
tramos de pruebas, Etapa B

Efectos de las heladas en el comportamiento ds
pavimentcs flexibles

Adaptacion del programa de computadora
PDILB

Comportamiento de bases arcillosas

TRABAJOS DE INVESTIGACION PUBLICADOS
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Talleres experimentales y maguinaria
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INETITUTO DI INVEST

OBJETIVO

Realizar investigaciones sobre diversos aspectos da las

latamaticas aplicadas, principaimente en ol andis’s
wincional, 1as ecuaciones diferencizlos, las ciencias de
la computacisn, el andlisis numérico, ia provabilidad, la
estadistica y la investigacidn de cperaciones. Colaborar,
ademis, en la solucién de problemas concretos relacio-
nados con estas especizlidades, con otras dependencias
univarsitarias o con arganismos externos. Participar ac-
tivamente en la ensefianza de las drees mencionadas, en
fos niveles profesional y de postgrada .

EVOLUCION
1955 Se crea el Departamento de Méquinas

1957 Se cambia de denominacién por el de Oficina
Central de Méquinas
1953 Secrea el Centro de Célculo Electrénico

1959 Se convierte en Departamento Central de Ms-
quinas

1964 Se funda el Departamento de Procesamiento de
Datos; desrués cambia este nombre por el de
Departamento de Sisterias

1966 Se fusionan el Departatuento Central de Mégui-
nas y el de Sistemas para crear la Unidad de Sis-

tematizacién de Datos

968 Se transforn{a en Direccidn General de Unidad
de Sistematizacion de Datos

1970 Se establece el Centro de Investigacién en Ma-
teméticas Aplicadas, Sictemas y Servicios
{CIMASS)

1973 Se reorganiza el CIMASS vy da lugar a dos cen-
tros: el de Investigacion en Matematicas Apli-
cadas y en Sistemas (CIfMASS) y el Centro de
Servicios dz Cémputo (CSC)

1976 Se crea el Instituto de Investigaciones en Mate-
maéticas Aplicadas y en Sistemas (IIMAS)

. ?CAC‘?ON‘:R. MATEMATICAS
* 1}!‘ s.!Cl"ﬂ.Jt SY

DIRECTGOR

Dr Tomés (Garza Hernandez ' |
{15 de Abril de 1976-12 de Abril de 1582)

SECRETARIO ,
Dr Aiberto Tubilla Estefan

MIEMEROS DEL CONSEJO INTERNO

—Dr Toméas Garza Hernéndez (Presidente) |

~— Ing Jorge Gil Mendieta ,

Dr Adolfo Guzman Arenas ?
.Dr . Jean Piagire Hennart Boudet

Dr Ismae! Herrera Revilla !

Dr Jorge lze Lamache ]

Dr Alejandro Lopez Yaiez
Dra Cristina Loyo Varela

B

Dr Ignacio Méndez Ramirez
Dr Federico O'Reilly Togno .
~— Dr Alberto Tubilla Estefan ’

MIEMBROS DE LA COMISION DICTAMINADCRA

Dr Juan A. Carsaga

Dr Ismeael Herrera Revilla
~Dr Cinna Lomnitz Aronsfrau

Dr Juan Manuel Lozano

Dr Alberto Ruiz Moncayo

Dr Guillermo Torres

SUPERFICIE CONSTRUIDA
{

(1560 m2

PRESUPUESTO $18,191,837.00

INVERSION EN EQUIPO CIENTIFICC $1,500,000.00
ORGANIZACION ACADEMICA

Departamento de Anélisis Numérico
Departamento de Ciencias de la Computaci¢n
Departamento de Disefio de Sisternas Digitales

123
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Departamento de Matematicas y Mecdnica
Departamento da Probabilidad, Esiadistica e
Investigacién de Operaciones

Grupo Especial de Antropologia y Taxonomia
Gupo Especial de Mecanica de Medios Continuos

PERSONAL ACADEMICO?®
Departamento de Anélisis Numérico

Jefe de Departamento Dr Jean Pierre Hennart Boudet

Dr Pablo Barrera Sdnchez
Men C Catherine Garcia de Vargas
Dr Victor Guerra Ortiz

Dr Alejandro Velesco Levy

Departamento de Ciencias de la Computacidn

Jefe de Departamento Dr Adoifo Guzman Arenas

Lic Mat Lorenzo Aguiar Cabello

Lic Jennie Becer:a de Barquet
Lic Maximiliano Diaz De la Pefia
Dr Enrique Grap2 Markuschamer
Lic Dora Luz Gémez Sotomayor
Dr Renato lturriz 3a De la Fuente

Men C Fiancisco Javier lzquierdo Sanchez
Lic Armando Jinich Ripstein

Dr Christian Lemaitre Ledn

Dra Cristina Loyo Varela

Lic Juan Ludlow Saldivar

Men C Rat Medina Mora

Lic Concepcidn Pérez de Celis Herrero
Men C Héctor Fabio Pinzén Totifio

Lic Rosa Maria Seco de Garcia

Men C Raymundo Segovia Navarro
Dr Alberto Tubilla Estefan

Lic Carlos Velarde Veldzquez
Lic Héctor Villanueva Nafez

* Al 1o. de octubre de 1976
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Edificio r:modeiado del Instituto de Investigaciones en Ma-

temiaticas Aplicadas v, en Sistemas, y el Centro de Servicios
de Cémputo :
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Departamento de Disefio de Sistemas Digitales

Jefe de Departamento Ing Jorge Gil Mendicta

ing
ing’
ing
Ing
Ing
Ing
Ing

ing
Ing
Ing
MenC
ing
Ing
Ing
MenC
ing

Mdénica Ardisson Pérez

José Antonio Banderas Gémez
Julio César Cano Damidn
Fernando Casas Moyron

Juan Manuel Fernandez Pefia
Humberto Gémez Naranjo

Luis Arturo Gonzélez Hermosillo
Melgarejo

Héctor Harc Guzmaén

Luis Arturo Haro Ruiz

Jaime Hernandez Rubi

Angel Kuri Morales

Manuel Padilla Noriega

Enrique Felipe Pérez Garcia
Mario Rodriguez Manzanera
José Ruiz Ascencio

Carlos Ruiz de Velasco Gutiérrez

Departamento de Matemaéticas y Mecénica

Jefe de Departamento Dr Algjandro Léopez Yédnez

Dr
Dr
Lic
Dr
Dr
Dr
Lic
Dr
Dr

José Luis Abreu Ledn
Chadrles Boyer Place

Felipe Bracho Carpizo

José Ange! Canavati Ayub
Miguel Angel Garcia Alvarez
Jorge {ze Lamache

Luis Montejano Peimbert
Antonmaria Minzoni

Kurt Bernardo Wolf Bogner

Departamento de Probabilidad, Estadisticae
Investigacioén de Op¢raciones

Jefe de Departamento Dr Ignacio Méndez Ramirez

Lic Pedro Alcéntara Aguilar

Dr Radl Carvajal Moreno

Lic Sigfrido Chaim Sénchez
-N'L‘W-W — AL Sy Ay e

(,l"‘\

" Men C Joaquin Dfaz Saez

Lic Guillermo Duedas Villaseior
Dr Tomas Garza Hernandez

Dr Radl Hudlet

Lic Jaime Jiménez Guzman

Men C Francisco Martinez Palomo

Dr Fedcrico O'Reilly Togno

Men C Santiago Rincon Gallardo
Grupo Especial de Aniropologiay Taxonomlia
Jefe de Grupo Dra { arissa Ader de Lomnitz

Men C Guillermo Espinosa Velasco

Lic Jacqueline Fortes de Leff
Dr Enrique Leff Zimmerman
Lic José Arturo Lopez Pérez
Lic Enrique Molina Ledn

Grupo Especial de Miecénica de Medios Continuos

Jefe de Crupo Dr lsmael Herrera Revilla

Dr Federico J. Sabina
Dr Arturo Vargas Guadarrama

PROYECTO DE INVESTIGACION EN PROCESO (33)

Percepcidén Remota
Interconexién de Computadoras (Software)
i

Red Sismolég:’cé Mexicana de Apertura Conti-
nental (RESMAC) (Software)

Diélogos en Espafiol por Computadora
Graficacion por Computadora

Simulacién de Transporte de Plasma

Elaboracién de Cédigo de Din&mica y Estética
de Reactores ) .
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Solucidn Hurmérica de las Ecuaciones
Navier-Stokes

Desarrolio de Métodos Numéricos para Ecuacio-
nes Diferenciales Stiff

Disefio de Muestra para Estimar la Cosecha
Nacional de Café

Curso de Formacién de Profesores en Estadistica

Pruebas de Hipbtesis en Modelos Lineales con
Restricciones

Métodos Eficientes para la Comparacién de Tra-
tamientos Agrondémicos

Definicidn de Obijativos Operacionales y Siste-
mas de Trabajo de CONACYT

Revaluacion de la Cruz Roja Mexicana
Estructura Organizacional de CONASUPO

Disefio ldcalizado de! Sisterna Nacional de In-
formacién

Consideraciones sobre Posibles Acciones Futu-
ras de “TEMA’ en |z Comision Oceanogréfica
Intergubernamental de Ja UNESCO

Estudio de Técnicas de Simulacién Dindmica
Aplicada

Ecuaciones Congtitutivas de Arcillas
Ecuaciones Constitutivas de Enrocamiento
Difraccién de Ondas Elésticas

Acuiferos Semiconfinados

Aproximacién de Longitud de Onda Larga para
Difragccion de Ondas El4sticas

- C b s S——
- . . e e — s

Anélisis de las ofrendas de los entierros de Tla-
tilco via la Taxonomia Numérica

Revision Bibliografica scbre desarrollo Rural y
Urbano

Estudio de Frecuencia de Qias

Métodos Topolégicos en Ecuaciones en Deriva-
das Parciales

Teoria Probabilistica del Potencial

Teoria Ergddica y Andlisis de Fourier Generali-
zado

Transforrmaciones Canénicas y Grupos de Lie en
la Mecanica Cuéntica

Red Sismolégica Mexicana de Apertura Conti-
nental (RESMAC) (Hardyware)

Proyecto Microprocesadores
Microprogramacion y Disefio de Contadores
Interconexién de Computadoras (Hardware)

Aplicaciones de la Teoria de Grupos al Disefio
Digital

Disefio de Circuito y Timer para Encendido al
Toque {

Microprocesa(dor para pruebas de Flybacks
Proyecto Modems
Disefio y Construccién de un Modem Inaldmbrico

Disefio y Construccidn de un Casette para Micro-
procesadores

Dispositivo para Control de Llamadas de Larga
Distancia
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rros de Tla-

o Rurat y
s en Deriva-

2r Generali-
)s de Lie en

tura Conti-

adores

iware)

Disefio
cendi.._ al
sacks
inaldmbrico
bara Micro-

s de Larga

Terminales para Computadoras
Disefio de Instrumental Varia

Sistema de Informacién para el Control de
Componentes

Disefio de Relojes Digitales

Aplicaciones de la Teoria de Colas al Disefio de
Monitores

Algoritmos para la Determinacién de Epicentros

Algoritmos para Deteccién Automética de Sefia-
les Sismicas

Estudios sobre Riesgo Sismico
Estudio de Métodos de Optimizacién

Aigoritmos para la Estimacion de Pardmetros
No Lineales ‘

Algoritmos para la Solucién de Ecuaciones In-
tegrales de la Primera Clase

PROYECTOS DOCENTES

El HMAS tiene a su cargo la organizacién acadé-
mica de dos proyectos colegiacos de docencia;
La Maestria en Ciencias de la Computacién v la
Maestria en Estadistica e Investigacidn de¢ Ope-
raciones. Ambos proyectos estan encuadrados
en la Unidad de Estudios Profesionales y de
Postgrado det Colegio de Ciencias y Humanidades

TRABAJOS DE INVESTIGACION PUBLICADOS
{1975-1876) G

Comunicaciones técnicas 60

Articulos en revistas cientificas 30
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Descripcifén del control para un sensor.
Velocidad de muestreo

La velocidad limite de muestreo queda determinada por la velocidad
" de transmisién y el formato de palabra. Suponiendo que:

a) La velocidad es de 1200 6 2400 bauds.
y b) Cada muestra estard formada por dos caracteres con 11 bits

por carécter

Cada cardcter tiene 1 bit de start, 2 bits de stop, (sﬁpuesta

una transmisibn asincrona) v 8 bits de informacién. El1 formato

es el gue se indica en la figura 1.

ler. carécter |Stop {D6 | D5 | D4 | D3 | D2 | D1 | DO Start

caracter EXP1 { EXPO |{D11 {D10 { D9 { D8 | D7

2°.

-Stop Start

Figura 1. Formato de caracteres

Con el primer bit de los cocho de informacidn se identifica si se
trata del primer o segundo carlcter de la muestra, y en el caso
de que haya multiplexaje, mids de un sensor, solo serd "1" en el
caso del primer bit del primer car&cter de un ciclo pre-establecido
'E1 dato estard contenido en los siete bits restantes del primer
cardcter y cinco del segundo tal como se ve en el diagrama
reservandose los fGltimos dos bits del segundo cardcter para el
exponente. Una vez establecidas estas caracteristicas podemos

definir las velocidades méximas de muestreo, estas son:

PROYECTO: RESPONSABLL DISERO
CIMAS-UNAM prar < . wosal oE_7
RESMAC ING. J. GIL |JAIME 1I. RUBI
CENTRO OE INVESTIGACIONI
EN MATEMATICAS APLICA- SISTEMA: CCORDINADOR FECHA: REVISION
DAS Y EN SISTEMAS. T DR. LOMNIT?Y 37/VI/75




109 muestras/segundo para 2400 bauds
54 muestras/segundo para 1200 bauds

Dado que es de capital importancia el que la velocidad de
transmisién sea exdcta se escoge como base de tiempo, para
todo el sistema, un oscilador de cristal cuya frecuehcia
es un mltiplo de la velocidad de transmisidn; para la

estacidén TT seri de 240000 Hz.

POSIBLES VELOCIDADES DE TRANSMISION

Si tomamos como base una frecuencia de 24 000, se tiene

7

una descomposicidén en factores primos de

26 x 53 x 3

Teniendose los siguientes divisores de interés

o

1 s 5.5. 3 3.5 3.52

1 1 50 3 . 15 75

2 2 10 100 6 - 30

4 4 20 12 60

8 8 40 24
16 | 16 80 48
32 | 32 90
64 | 64

Para nuestra aplicacidn son de interes
32,40,48,50,60,64,75,80,96 y 100

Siendo utilizables para el caso de una transmisidén de

1200 bauds; 32,40,48,50. Teniendose una libertad en bits

por muestra de:

PROYECTO: RESPONSABLE . | DISENO

ClMAS‘UNAM RESMAC ING. J. GIL 3. H. RUBI HoJa2__pz__7
CENTRO OE INVESTIGACION! =Tl
EN MATEMATICAS APLICA-| SISTEMA: COGRDINADOR FECHA: [REVISION
DAS Y EH SISTEWMAS. j TT DR. LO'WITZ 27/VI/?5




2400

3'..

Divisor #muestras Libertad(bits/muestra)
por segundo
75 . 32 15.5
60 40 8
50 48 3
48 50 2

las siguientes caracteristicas:

« CARACTERISTICAS

escalas de amplificacidn (1)
4.~ Pulso de calibracién condicionado (2)
a la escala en funcidn.

5.- Reset general al circuito. (3)

(1) Explicacidén aparte

(2) AGn en desarrollo

(3) Funciona este reset al momento de poner en
funcionamiento el sistema.

Para el prototipo, con fines de investigacién, se tendrén

1.- Velocidad de Transmisién de 1200 bauds.

2.- Mzgstreo de 40 & 48 muestras/sequndo

3“6}24hmé

El diagrama de blogques del control del prototipo, sin

incluir el control de las escalas de ganancia serfa como
se muestra en la siguiente figura: (honA\

CIMAS-UNAM

CONTRC DE NYESTIGACION
EN HATEMATICAS APLIC, -
DAS Y EN SISTEMAS.

PROYECTO: RESPONSABLE DISENO 3
e HOJA_ > pE___
RESMAC ING. J. GIL | J. H. RUBI
SISTENA: COORDINADOR FECHA: |REVISION
™ DR. LOMNITZ

27/V1/15




0SCILADOR ielat > SERIALIZADOR
5 DIVISORES 22248 | S0
240 000 Hz 12000 DIFERENCIADOR] . !
. > SOT
| i
RESET RELOJ |}———> %'2
5 FASES > gs
L 44
> @ g
GENERADOR AMPL IFICADOR s S5
1cicLo/oia | = I CALIBRACION
> DIVISOR —-—-—-—/————:»A Pu?.gg BE S DE >
caLiBracicn| | POTENCIA
RESET .
- @ son 5 fases que se generan por cada frente en la sefal
' de 40-48 Hz son utilizadas para realizar las funciones
de control de transferencia en forma sincrona.
SOC Start of convert
SOoT Start of transmission
FROYECTO: RESPONSABLE . |DISCRO A 7
CIMAS-UNAM RESMAC ING. J. GIL |JAIME H. RUBI|HOYA—DE
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Para establecer un diagrama de Flujo . se presenta un diagrama

ilustrativo del sistema a bl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>