THE SEPTEMBER 1985 MEXICO EARTHQUAKES:
FINAL REPORT OF THE NEW ZEALAND RECONNAISSANCE TEAM

This report on the September 1985 earthquakes in Mexico describes the
earthquakes themselves, their effects and the resulting damage in
considerably more ,detail than did the preliminary vreport of the
reconnaissance team
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1. INTRODUCTION

An earthquake of magnitude 8.1 occurred
near the mouth of Rio Balsas on the Pacific
Coast of Mexico at 7:18 am local time on 19
September, 1985. Its destructive effects
were unusually widely distributed and there
were many casualties. At Mexico City, 400km
from the source, resonant amplification
through layers of flexible lacustrine
deposits that underlie parts of the urban
area produced damaging intensities (MMIX),
shaking that affected especially those
structures that responded to low
frequencies. This former lake bed zone has
a history of vigorous response to
excitation from distant earthguakes.

Within the earthquake's epicentral region
(fig.1l) buildings were damaged selectively
according to their construction types and
vibration characteristics. Microzone
effects were also apparent. There was
destruction and damage to Lazaro Cardenas
(MMVIII-IX), a newly developed industrial
town and port; at Ixtapa (MMVII), a luxury
resort; at Playa Azul (MMIX) ; at
Zihuatanejo (MMVII) and at Petatlan.
Northwest from the epicentral region the
towns of Coalcoman, Ciudad Guzman (MMVIII)
and Gomez Farias were all severely shaken
and extensively damaged. At Chilpancingo,
to the east, a church and some state
government buildings were damaged.
Acapulco, though almost unscathed, suffered
a disastrous loss of tourist revenue in the
months after the earthquake.

Vigorous aftershocks aggravated the damage.
Several buildings that had been critically
affected by the main shock collapsed in the
largest of 1its aftershocks, an earthquake
of magnitude 7.5, which occurred at 7:37 pm
on 20 September. Perceptible shocks
continued for two more weeks.

Within a few hours of the event news
services were carrying reports that Mexico
City had been stricken. The epicentral
region was correctly identified and the
magnitude estimated at 8. The United States
Embassy reported an estimate of the death
toll at 20,000.

Apart from its tragic aspect, this Mexican
earthquake held exceptional interest for
New Zealand engineers and earthquake
engineering researchers. Mexico City, the
world's most populous metropolis, is
growing at a phenomenal rate. 1In the 15
years preceeding the earthquake the
population doubled to 17 million. New
construction needed to accommodate new
citizens and to provide services for them
was done in nominal compliance with modern
building codes. Mexican engineers, some of
them acknowledged world leaders in
earthquake engineering, had contributed to
the design procedures used. Thus there was
a rare opportunity to observe how
buildings, which should have been well
designed and constructed, had behaved when
they were subjected to intense shaking.
Also, the earthquake source was in a
subduction zone 1like the subduction zones
near New Zealand's Fiordland and East Cape
and so of interest to us. It is a different
tectonic regime from the regime of
transcurrent faulting, such as in
California and central New Zealand, from
which records used to establish our design
acceleration response spectra have been
obtained.

These were compelling reasons for a New

Zealand reconnaissance.
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DSIR and MWD proposed sending observers.
The NZNSEE, who assumed administrative
responsibility, added engineers from
consulting firms. The formation of the team
was announced by the Ministers of Works and
of Science, and the Ministry of Foreign
Affairs obtained Mexican Government
permission for the visit. The New Zealand
Embassy in Mexico City supported the team
for the duration of its stay in Mexico. The
team's official standing and the support
received from government and its agencies
contributed very significantly to the
success of the mission.

In the early aftermath of the disaster all
available resources were allocated to
essential work - rescuing victims, treating
injured, disposing safely and decently of
the bodies of the dead, sheltering the
homeless and restoring vital services. The
New Zealand Embassy in Mexico City advised
the team to defer its arrival until the
emergency period was over. This was agreed.
The team reached Mexico on 5 October, 16
days after the earthquake, timing that was
almost ideal. We were early enough to see
everything from which we could learn, yet
not so early that we embarrassed our
Mexican hosts or impeded vital operations.
We were more warmly received than earlier
teams had been and were able to get better
information than was available to them. We
did not see buildings which had been
reduced to rubble and cleared away during
the rescue operations; but there was
nothing to be 1learned from them that was
not already known. We did see partially
collapsed buildings that had sufficient
toughness to resist total reduction, and we
had the generous cooperation of our Mexican
hosts to make our opportunity to study
these as valuable as it could be.
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DAMAGE ZONES OF THE 19 SEPTEMBER 1985 MEXICAN EARTHQUAKE.

We left Mexico on Saturday, 26 October,
having visited all the damage areas
mentioned here, except the remote mountain
town of Coalcoman, in three weeks.

2. THE TEAM

In the original party were three engineers,
Messrs George Butcher of Morrison Cooper
and Partners (team leader), Garry McKay of
MWD and Robert Jury of Beca Carter Hollings
and Ferner, and one engineering

seismologist, Dr Graeme McVerry of the
DSIR. These were joined (for two weeks) by
Dr Tony Gillies, a New Zealander at

Lakehead University, Ontario, Canada, and
(for 10 days) by Dr David Hopkins,
engineer, and Mr Warwick Massey, architect,
both from KRTA.

Ms Caroline Forsyth, First Secretary of the
New Zealand Embassy in Mexico City,
accompanied the party, smoothing the way,
arranging meetings and contacts and
overcoming many of the linguistic problems
that would otherwise have beset us. Much of
our success is attributable to her.

Except that it lacked a soils and
foundation engineer, who could have made a
valuable contribution, the team was a well
balanced one of cooperative individuals who
worked together harmoniously and
efficiently.
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3. THE RECONNAISSANCE

The first day in Mexico City was for
orientation, for identifying the localised
areas where there was severe damage and for
a superficial appraisal.

The urban area is 1050 sqg. km. Important
damage was confined to the former lake bed
zone, area 23 sq. km. (fig 2) and so larger
than downtown Wellington (fig 3), in which
some 3% of the structures were severely
affected according to a UNAM survey
[Reference 1]. Among these were collapsed
schools and office buildings, fortunately
empty of occupants at the time of the
earthquake, so that the death toll,
variously estimated in the range
8000-16000, was mercifully smaller than it
might have been. Casualty buildings
included many that were large and newly
constructed, government buildings among
them. But in most parts of this city of 1.5
million buildings there was 1little or no
obvious damage. Four weeks after the
earthquake, preliminary safety inspections
had been made on about 3500 buildings, all
of which had been damaged more or less
critically.

r

FIGURE 3. THE ZONE OF SEVERE DAMAGE IN
MEXICO CITY SUPERIMPOSED ON A
MAP OF WELLINGTON.

On the second day the team visited the
University and established contacts at the
Instituto de Ingeneria there, most notably
with Drs Esteva and Prince, whose help was
to be invaluable.

The rest of the first week was spent in the
epicentral area, from Acapulco in the south
to Caleta de Campos at the northern limit
of the rupture zone. This town was also the
most northerly instrument site along the
coast of a recently installed array of
strong motion accelerographs.

Damage reports from this region that were
filed in Mexico City were sketchy and
unreliable, so the team could not preplan
its work. Damage was studied as it was
encountered. There was, surprisingly, no
widespread destruction of the kind one
would expect to find 1in the epicentral
region of such a very 1large earthquake.
Inferior wunreinforced brick and adobe
construction survived with nothing worse

than trivial damage in village after
village, even though accelerographs
recorded energetic high - frequency motion

to which the buildings might have been
expected to respond vigorously. Larger



would expect to find in the epicentral
region of such a very large earthquake.
Inferior unreinforced brick and adobe
construction survived with nothing worse
than trivial damage in village after
village, even though accelerographs

recorded energetic high
to which the buildings

- frequency motion
might have been

expected to respond vigorously. Larger
structures were often more seriously
affected, having responded to the strong

long - period components of the earthquake.
Among them were modern hotels at Ixtapa and
bridges, grain silos, port facilities and
ancillary structures at the steel mill at
Lazaro Cardenas.

The team visited accelerograph sites in the
epicentral region to observe the topography
and geology associated with the records
that were made.

Three of the
Guzman and its

team travelled to Ciudad

neighbouring village of
Gomez Farias, north of the epicentral
region, where many one and two storey
houses had collapsed. Extensive damage of
this type was confined to these localities.
It did not occur in the neighbouring
villages.

Back in Mexico City, detailed studies were
made of building damage, and there were
meetings with engineers, architects and
representatives of various authorities and
professional groups, from all of whom the
team obtained important information. These

authorities and groups included the
Departmento del Distrito Federal (DDF)
which administers the city, the Federal

Electricity Commission,
distribution authority,
Mexico, the airport authority, the Metro
(underground rail system), the Mexican
Concrete Institute, us Embassy, radio
stations and university researchers.

the regional power
Telefonos de

4. SOILS OF MEXICO CITY

The concentration of earthquake damage in
the central city area of Mexico City was
closely associated with the unusual soil
conditions there. The soils of the central
city area have long been infamous for their
amplification of the motions from large
distant earthquakes and for the very large
settlements that occur on them. The damage
zone in 1985 coincided with but was larger
than the damage 2zone in the 28 July 1957
and 14 March 1979 earthquakes (fig. 4).

The principal reason for this concentration
of damage was amplification, by a factor of
about five, of the horizontal components of
the incoming rock motion through soil-layer
resonance in the soft soils of the central
city (see section 6.2). To understand this
phenomenon it is necessary to appreciate
the geological history of Mexico City.

Mexico City lies in the Valley of Mexico, a
naturally closed basin on the Mexican
Plateau, surrounded by volcanic mountains.
During the Pleistocene era, the basin
filled with material eroded from the hills,
forming deposits of gravels, sand and sandy
clays several hundred metres thick. Natural
drainage into the basin created a series of
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FIGURE 4. DAMAGE ZONES 1IN MEXICO CITY IN
THE 1957, 1979 AND 1985
EARTHQUAKES, OCCURRING
REPEATEDLY IN THE SAME PART OF
THE CITY (from (1.
ACCELEROGRAPH SITES ARE ALSO
SHOWN.

lakes which later merged into a single

large lake occupying virtually the whole

basin. Soft fine sediments settled out of
the lake. These included volcanic ash which
subsequently decomposed into clay. As
sedimentation continued to fill the basin,
the lake dwindled in size. Its remnant has
been further reduced by modern drainage.
Today most of the area is a lake-formed
plain in which are a few small lakes
[Reference 2].

Mexico City has three soil zones: the lake-
bed zone, the hill =zone and the transition
zone (fig. ©5). Subsidence and earthquake
vibration problems are encountered mainly
in the lake- bed zone.

The hill zone consists of alluvial deposits
with no compressible clay layers. It is
bounded by lava flows towards the south.
Buildings in the hill zone generally suffer
only minor damage from earthquakes.

sites in the hill zone
provided a measure of the incoming
earthquake excitation. This was greatly
amplified in parts of the lake-bed zone.

Records from rock

Between the hill zone and the lake zone is
the transition 2zone. The soil composition
is variable, and there can be problems with




Zonificacicn dé! subsuelo de la ciudad
de México

FIGURE 5. THE THREE SOIL ZONES OF MEXICO
CITY WITH THE ZONE OF SEVERE
DAMAGE AND THE DIGITAL
ACCELEROGRAPH SITES SUPERIMPOSED
(LOMAS = HILL, LAGO = LAKE). THE
LOCATIONS OF THE SOIL PROFILES A
AND B OF FIG. 6 ARE SHOWN
(modified from [1]).

bearing capacities and differential
settlements, bu: the 2zone is not generally
susceptible to major earthquake damage from
large, distant events. The boundary with
the lake-bed zone is marked by the
appearance of a regular series of recent
lake deposits.

The lake-bed zone is characterised by thick
deposits of highly ©plastic soft clays
interspread with layers of firmer silts,
sands and gravels. The harder layers in
soil profiles have substantially lower

natural water contents than the
compressible clays. An example of the
variation of the soil properties in the

different layers is given in Table 1, which
shows data from a bore-hole in Alameda Park
in the lake-bed zone.

A typical soil profile for the central city
area is as follows [References 2,3,4]:.

A surface layer of clayey or silty sands,
or, in some places of man-deposited f£fill,
often containing archaeological artifacts,
reaches to depths of from 5 to 10 metres.
This is wunderlain by the upper layer of
extremely compressible clay, 15 to 32 metre
thick, containing thin layers or lenses of
sands. The clay layer has very high natural
water contents, between 200 and 500 per
cent. Beneath it is the first hard capping

layer, approximately 3
clayey stratum with a

100 per cent. Next is
clay layer, similar to the upper layer, of
high water content but less compressible,
between 4 and 14 metres thick. Then there

metres of sandy
water content below
a second volcanic

is a second hard 1layer in which sand
predominates. In some areas a third
compressible clay layer has been found
starting about 60 metres below ground

level. Beneath that, starting at a depth of

80 metres, are compact strata of sandy
silts and clays with some gravel and sand,
extending to a depth of more than 100

metres, and characterised by a much lower
water content than the clays have.

The thickness of the different layers
varies considerably within the lake bed
zone. The overall sediment thickness

increases with distance from the transition
zone boundary. Some of the variations in
strata thickness are attributed to
differential consolidation of the clay
layers that was induced by drainage and by
the imposition of building 1loads. Soil
profiles across north- south and east-west
sections in the central city area are shown
in fig. 6. The 1locations of these sections
are shown in fig. 5.

The lake-bed zone responds vigorously to
low frequency earthquake excitation because
the depth of flexible soils is great. Soil
layers have characteristic periods of
vibration determined by their thickness,
density and stiffness. Thick deposits of
flexible soils have 1long natural periods,
causing high amplifications of those
components of incident earthquake waves
that have similar periods. In consequence
Mexico City is affected by large magnitude
distant earthquakes because these events
generate strong 1long period wave trains
which travel 1long distances with little
attenuation. Much of their energy is in the
period band that excites resonant reponse
in the lake-bed soil layers.

Fig. 7 shows the distribution of collapsed
and badly damaged structures in Mexico City
in the 1985 earthquake. An overlay of the
severely damaged zone upon the soil zone
map (fig. 5) shows that the severe damage
was confined to a portion of the lake-bed
zone. Comparisons of the position of the
severe damage 2zone and contours of the
depths to the first and second hard layers
show very definite correlations. Almost all
the severe damage was in the area where the
depth to the first hard layer is between 22
and 36 metres and the depth to the second
hard layer 1is between 30 and 50 metres
(fig.s 8 and 9).

The correlation between depths to the hard
layer and the damage =zone is a consequence
of the natural period of vibration of the
soil layers in this area. Both calculations
based on the so0il 1layer properties and
observations of the spectral peaks of
recorded ground motions have shown that the
natural periods in this zone are between
about 2.0 and 2.6 seconds. Some calculated
and recorded periods are listed in Table 2.

The soil properties and natural periods of
vibration given in Table 2 are for a site
at Alameda park in the centre of the city.






