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A path towards  
seismic resilience

Natural phenomena are part of its dynamics 
and impact on the urban development of cities. 
For this reason, resilience is a huge challenge 
for seismic engineering worldwide, which is un-
derstood as the capacity of a society to control 
the level of damage and recover its functionality 
in the shortest possible time. Resilience results 
from the interactions between the forces of so-
ciety, the environment, science, and technology. 
Society is increasingly interested in protect-
ing life and property, business sustainability, 
and economic and social stability. Therefore, it  
focuses on better understanding the forces of 
nature and developing construction and reha-
bilitation techniques that can withstand them. 

Thus, the achievement of this resilience 
capacity results from the integration of advanc-
es in seismic monitoring and instrumentation, 
knowledge of the seismic response of soils and 
buildings, together with the development of 
construction technologies. 

The organization of Mexico into groups 
of brigades for the inspection of buildings in 
Mexico City is an outstanding achievement that 
shows that knowledge is only useful to the ex-
tent that it is put at the service of the common 
good. The brigade scheme shows not only the 
generosity of its members, but also the useful-
ness of their efforts to guide the decisions of 
the State. It can always be done better, but the 
result is a powerful initiative that was possible 
thanks to the generous dedication of a group of 
people motivated by a common cause, which 
has the great challenge of strengthening itself 
from the experiences of 2017.

SURA also tested its post-seismic plan in Mexico,  
which was developed several years ago because 
of its commitment to seismic resilience in Latin 
America. The excellent balance of this damage 
classification plan, vulnerability studies, and 
rehabilitation has been a very effective mech-
anism to support an engineering approach to 
our policyholders in Mexico affected by these 
earthquakes. 

SURA has dedicated this special edition 
of the magazine Geociencias SURA, to show 
a positive view of the September 2017 earth-
quakes in Mexico. To highlight its contributions 
to seismic knowledge and the positive balance 
of all the research efforts put into practice since 
the great earthquake of 1985, which allow us to 
glimpse a promising path to increase the seis-
mic resilience of the built environment. These 
lessons learned are the gateway to seeing risk 
as an opportunity. The important legacy and 
responsibility left by the earthquakes is to put 
their lessons into practice with responsibili-
ty and conviction that seismic resilience is an 
achievable challenge for our societies. 

.

GONZALO ALBERTO PÉREZ ROJAS
CEO Suramericana S.A.

EDITORIAL
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The earthquakes of September  
7 and 19,  2017 in Mexico:  
Was it a chain reaction or just a coincidence? 

Intraplate earthquake, 
occurred within the oceanic Cocos plate.

Mexico has recently reminded us of the latent seismic threat in most Latin American countries 
due to several earthquakes in September 2017. The most shocking thing is that one of these 
events was recorded just on the day that commemorated 32 years since the great earthquake 
of September 19, 1985.

Tectonic origin

07:19 a. m. Local time

28 km

400 km

Coasts of Michoacán

Time:

Depth:

Distance from  
Mexico City: 

Epicenter:

MICHOACÁN

1985
This earthquake had very important effects in Mexico City, 
marking a milestone in world seismic history, from 
which many research efforts were concentrated on the 
seismic response of the soil and its influence on the 
behavior of buildings.

Magnitude

8.0

PUEBLA

2017
The area of impact of the September 7 
earthquake was concentrated in the states 
of Oaxaca and Chiapas. 

According to records from Mexico's National 
Seismological Service, 482 aftershocks had 
been recorded 2 days after the earthquake.

 

CHIAPAS

Magnitude

8.1

11:49 p. m. Local timeTime:

47 kmDepth:

80 km off the coast of ChiapasEpicenter:

Tectonic origin:
Intraplate earthquake (oceanic Cocos plate)

Intraplate earthquake, occurred within 
the oceanic Cocos plate.

Tectonic origin:

When this earthquake occurred, it coincided with 
the commemoration of the 32nd anniversary of 
the great earthquake of 1985.  Its effects were 
mainly felt in Mexico City, although there were 
also affected areas in the states of Mexico, 
Morelos, and Puebla.

Magnitude

7.1
48 km

Border between Puebla and Morelos

1:14 p. m. Local timeTime:

Depth:

Epicenter:

120 kmDistance from  
Mexico City: 

720 kmDistance from  
Mexico City: 

Source USGS

Source USGS

Source USGS

SEP.19

SEP.7 2017

SEP.19

The great Michoacán 
earthquake of magnitude 8.0 
(Mw), September 19, 1985, 
occurred in the central region 
of the Mexican Pacific coast, 
almost 400 km from Mexico 
City. This earthquake released 
32 times more energy than 
the earthquake of September 
19, 2017.

The earthquake of September 19, 
2017, showed important advances 
in Mexican earthquake engineering 
since 1985, and marked a new 
challenge towards resilience.
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 �Tectonic environment and 
historical seismicity of Mexico
Mexico is located in an area of the American continent where five tectonic plates interact (Pacific,  
Rivera, Cocos, North American and Caribbean plates), which makes this region a major seismic hazard.  
As stated by the National Seismological Service of Mexico, although there is no current method 
or technology to predict earthquakes, the tectonic context of Mexico includes regions where large 
earthquakes have occurred and where they may occur in the future. This conviction has led this Latin  
American country to seek in the development of knowledge, a path towards seismic resilience.

Date: July 28
Location: Acapulco
Magnitude: 7.6
Depth: 38 km 

THE ANGEL EARTHQUAKE OF  1957

Date: September 19
Location: Coasts of Michoacán
Magnitude: 8.0
Depth: 28 km 

GREAT EARTHQUAKE OF  1985

Date: September 28
Location: Oaxaca
Magnitude: 7.5
Depth: 60 km 

OAXACA EARTHQUAKE OF  1999

Date: April 4th
Location: 23 km south of Mexicali
Magnitude: 7.2
Depth: 10 km 

2010 BAJA CALIFORNIA EARTH-
QUAKE (EL MAYOR-CUCAPAH)

Date: March 20
Location: South of Ometepec, Guerrero
Magnitude: 7.4
Depth: 20 km 

OMETEPEC EARTHQUAKE, 
GUERRERO, 2012

Date: September 07
Location: 80 km off the coast  
of Chiapas
Magnitude: 8.1
Depth: 47 km 

CHIAPAS EARTHQUAKE  
SEP. 7, 2017

Date: September 19
Location: Puebla-Morelos 
border.
Magnitude: 7.1
Depth: 48 km 

PUEBLA EARTHQUAKE  
OF SEP. 19, 2017

 Seismic events in Mexico

OUTSTANDING 
EARTHQUAKES SINCE 
1957

8.0

7.4

8.1

7.2

7.1

7.5

7.6

 �This earthquake motivated  
for the first time the 
incorporation of soil zoning  
in the seismic standard  
of Mexico City.

(Source: USGS)
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Are the 7S and 19S 2017 
earthquakes related? 
In September 2017, in a span of 12 
days, Mexico was shaken by two ma-
jor earthquakes. The sequence began 
on September 7 with a magnitude 8.1 
(Mw) earthquake on the Pacific coast 
near the state of Chiapas. Twelve days 
later, on September 19, a 7.1 magni-
tude (Mw) earthquake struck Puebla, 
and caused the collapse of 44 build-
ings in Mexico City.

As stated by Ph.D. Ross Stein, professor of geophys-
ics at Stanford University, USGS scientist emeritus 
and CEO of Temblor Inc: “A disturbing question arises 
following the occurrence of these two earthquakes: 
Are these events related to each other?”. 

The spatiotemporal proximity of these two events 
and the nature of their tectonic origin could lead to the 
assumption that there is indeed a chain reaction. To 
answer this interesting question, Ph.D. Ross Stein and 
the Temblor Inc. team studied the two earthquakes 
to estimate the possible relationship between them. 
Therefore, he evaluated the potential impact that 

SOURCES

David Jacobson
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 The two recent major earthquakes in Mexico are 600 km and 12 days apart

 �Location of the earthquakes registered in Mexico between September 7 and 19. 

 �The increase in stress generated 
by the Chiapas earthquake  
(Mw = 8.1) corresponds to the 
strongest colors, while the 
lighter colors indicate a very low 
or even negligible incidence of 
the earthquake in those regions.

the Chiapas earthquake could have had on the Puebla earthquake 
by means of a stress transfer analysis. The results of this analysis 
allowed the Temblor Inc. team to conclude that the 8.1 magnitude 
(Mw) earthquake recorded on September 7 in Chiapas did not gener-
ate stresses on the fault that gave rise to the earthquake recorded in 
Puebla 12 days later. As stated by Ph.D. Ross Stein in his publication 
on this analysis: “When calculating the stresses generated by the Mw 
= 8.1 earthquake in Chiapas on the fault that generated the Mw = 7.1 
earthquake in Puebla, we find that the stresses experienced on the 
fault are so small that they are even smaller than those generated by 
rubbing the fingers of the hand.

Could the recorded seismicity show 
any relationship between  
the 7S and 19S 2017 earthquakes?
The Temblor Inc. team analyzed the Natio-
nal Seismological Service (UNAM) catalog 
and found that the aftershocks of the Chia-
pas earthquake presents a pattern consis-
tent with the estimated stress increment 
distribution (Coulomb analysis).

Another strong finding of Ph.D. Ross 
Stein is that when reviewing the distribution 

of the points where the aftershocks of the 
7S earthquake in Chiapas (Mw = 8.1) orig-
inated, no aftershock was found near the 
region where the 19S earthquake in Puebla 
(Mw = 7.1) occurred. From this analysis it 
is concluded that the stresses transmit-
ted by the 7S earthquake in Chiapas on the 
fault that gave rise to the 19S earthquake 
in Puebla are negligible, and, in this sense, 
there is no relationship between these two 
earthquakes.

What is the probability that these  
two events are independent?
According to the analysis carried out by 
the Temblor Inc. team, it is possible to 
infer that the Chiapas earthquake had no 
incidence on the occurrence of the Puebla 
earthquake, but what is the probability that 
these two events are independent, becau-
se the Puebla earthquake occurred only 11 
days apart from the Chiapas earthquake, 
and that their epicenters were 600 km away 
from each other?

According to the calculations of Ph.D. 
Ross Stein and his team, this probability cor-
responds to 1 in 30,000: “You could say that 
a probability of 1 in 30,000 is too remote to 

think that the Chiapas and Puebla earth-
quakes are not related; but before consider-
ing that 1 in 30,000 is too small a number to 
consider both earthquakes as a coincidence, 
it is good to ask yourself this question: What 
is the probability that the Puebla earthquake 
(Mw = 7.1) occurred only 2 hours after the drill 
commemorating the 32nd anniversary of the 
1985 earthquake in Mexico City, this definitely 
has to be a coincidence, right? This probabili-
ty corresponds to 1 in 900,000 - almost one in 
a million!”. Thus, in the words of Ph.D. Ross 
Stein, “Extreme coincidences can occur in our 
lifetimes and after seismological analysis, this 
is the best explanation we have”.

20°

18°

16°

14°

12°
-100° -98° -96° -94° -92°

-0.1 0.10 bar

Coulomb stress change 
at 51 km depth

Focal mechanism

19 Sep 2017
Mw = 7.1

MEXICO CITY

Central American Trench

40 km

60
80
100
120

40 km

60
80
100

120

 

+0.002 bar (0.2 kPa)
estimated at fault

Salina Cruz

Ixtepec

Contours of the Cocos 
plate taken from 
Franco et al. (EPS, 2005)

100 km / 60 mi

Cocos plate surface Subducted

7 Sep. 2017
Mw = 8.1

USGS Finite Fault 
Source Model V.1

Earthquakes and faults

30 days  24 hours    Minor   Major    Subduction fault

Date of  
earthquake

9/19/17
9/17/17
9/16/17
9/07/17

Unit
Main earthquake 
Aftershock

The colors of the dots indicate the date of occurrence of the earth-
quakes. The points with black outline represent the main earthquakes, 
while the aftershocks are shown as points without outline.

8 9

GEOCIENCIAS SURA THE EARTHQUAKES OF SEPTEMBER 7 AND 19, 2017 IN MEXICO



SISMO

Impact of site effects   
on the seismic response  
of buildings
The effect of local geology and soil conditions on ground motions has been 
demonstrated in several earthquakes worldwide. Local site effects include the 
amplification associated with soil profile characteristics, which has the potential  
to modify the intensity, frequency content and duration of ground motions.  
This is why local site effects play an important role in seismic resistant design.

In recent global seismic history, seismic instrumentation has made it pos-
sible to quantitatively record the intensity of ground motions at different 
locations, which has provided elements for understanding site effects and 
incorporating them into seismic design standards.

400 km

120 km

1985 EARTHQUAKE 8.0 Mw
Source  USGS

The great earthquake of 1985,  
whose rupture was generated almost 
400 km from Mexico City, evidenced 
a strong relationship between soil 
conditions and the distribution of 
damage in that city. The earthquake 
records in some Mexico City sites 
marked a very important milestone for 
the investigation and understanding  
of the effects of soil in this city and  
in the world.

The 2017 19S earthquake originated 
120 km from the Mexican capital. This 
earthquake confirmed the importance 
of ground effects and showed varia- 
tions in intensities in different city  
areas. The differences in intensities 
and seismic response of buildings  
in this earthquake, with respect  
to what was recorded in 1985, are  
due to factors such as:
•	 It originated in an area much closer 

to Mexico City, which implied a short-
er propagation distance for the seis-
mic waves to reach the city. 

•	 It released less energy than the 1985 
earthquake (Mw = 7.1 and Mw = 8.0, 
respectively).

2017 EARTHQUAKE 7.1 Mw

Rock

Rock

Soft ground

Soft ground

Firm ground

Firm ground

CU
SCT

SCT
CU

Two stations of Mexico City’s accelerographic 
networks 

SCTCU

Schematic profile

Schematic profile

Source  USGS

EARTHQUAKE 

EARTHQUAKE 
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What is so special about the soils 
of Mexico City?

In pre-Hispanic times there 
was a lake system, formed by 
the Texcoco and Xochimilco-
Chalco lakes, in the area 
where a large part of Mexico 
City is located today. In the 
areas where these lakes were 
located, there are deposits of 
soft sediments that generate 
the so-called “amplification 
effects” of seismic waves.

The seismic waves propagate 
from the rupture zone that 
originates the earthquake 
and when they reach the 
soft soil strata, they alter the 
characteristics of the waves 
significantly, amplifying the 
intensity of the movements 
that reach the buildings.

Given the significant growth 
of Mexico City from pre-
Hispanic times to the present 
day, this city covers:

→ �The area of the lakes in the 
eastern part, where soft 
soil deposits are found. 

→	The Lomas area in its 
western part, where firm 
soils predominate.

→	A transition area between 
the Hillocks and the  
Lakes area.

A 32.000 
YEAR HISTORY

THE GREAT  
CITY OF MEXICO 

IN 2017

LAKES  
IN PRE-HISPANIC 

TIMES

TEXCOCO Lake

XALTOCAN Lake

Álvaro Obregón

Miguel Hidalgo

Iztapalapa

MEXICO
CITY

Tlalpan

ZUMPANGO Lake

CHALCO Lake

XOCHIMILCO Lake

The Texcoco and 
Xochimilco-Chalco lakes 
were very rich in natural 
resources, which together 
with the mountains that 
surrounded them, provided 
abundant sources of 
resources to the nomadic 
groups, which since pre-
Hispanic times have been 
located on their shores. 

(García Martínez, B., 2007)

GEOCIENCIAS SURA
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Relevant moments in the incorporation  
of soil effects in the Building Regulations 
for Mexico City 

Mexico City’s seismic history has made it 
possible to advance in the knowledge of soil 
effects and to apply it in its seismic design 
standards. The 1957 and 1985 earthquakes 
stand out for their contributions to this 
knowledge. The city’s conviction of the need 
to install wide accelerograph networks (CI-
RES and UNAM) has made it possible to have 
records of ground motion, which have been 
essential in the study and understanding of 
the relationships between soil conditions and 
the intensities of the seismic response of the 
different sites.

These studies have allowed the devel-
opment of increasingly detailed soil zon-
ings, leading to what is now the System of 
Seismic Actions for Design (Sistema de Ac-
ciones Sísmicas de Diseño - SASID), which 
allows the estimation of soil response pa-
rameters at each site in Mexico City.

  Zone I
  Zone II
  Zone III

  Zone I
  Zone II
  Zone IIIa

  Zone IIIb
  Zone IIIc
  Zone IIId

 Predominant soil periods (s)    
  � Buildings with major damage and collapse - Earthquake  

of September 19, 1985

 � Buildings with major damage and 
collapse, earthquake of S19, 1985    

 � Buildings with major damage and 
collapse, earthquake of S19, 2017

 �Damage map of the 1985 earthquake on seismic zoning 
of Mexico City in 1976

 �Damage map of the September 19, 1985, and 2017 
earthquakes on seismic zoning of Mexico City 2004

It was the first event to show 
that Mexico City’s soft soil 
deposits have the potential to 
amplify seismic movements.

•	It registered significant 
intensities in Mexico City,  
in some areas they were higher 
than those registered in the  
1985 earthquake.

•	At the date of occurrence, the 
seismic standard update was 
practically ready to be published.

FIRST BUILDING 
REGULATIONS 

FOR THE FEDERAL 
DISTRICT

1957 EARTHQUAKE   
(Mw 7.6)

Divides Mexico City into 
zones of high and low soil 
compressibility.

Divides Mexico City into 
three zones, according to soil 
conditions:
•	Hill zone 
•	Transition zone 
•	Lake zone.  
 

Major damage generated by 
this earthquake in Mexico 
City ratified the importance 
of soil effects in the seismic 
response of buildings and 
showed the need for a better 
characterization of soils.

MICHOACÁN EARTHQUAKE  
OF 1985  (Mw 8.0)

•	Incorporated for the first 
time isoperiods and  
iso-depth curves for soils. 

•	Increased the seismic 
coefficients for the design  
of the transition zone and 
the lake zone.

Complemented the 
seismic zoning of 
Mexico City, including 
a subdivision of zone III 
into four subzones (IIIa, 
IIIb, IIIc and IIId).

EARTHQUAKE 19S 
OF 2017 (Mw 7.1)1921 1966

1957 19871976

20041985

2017

✓
UPDATED 

REGULATION

✓
UPDATED 

REGULATION

✓
UPDATED 

REGULATION

✓
UPDATED 

REGULATION
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•	This new system incorporates 
the definition of site-specific 
soil response parameters.
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Origin
The earthquake of magnitude 6.2 (Mw) at a depth 
of 10 km in the city of Armenia (Colombia) on Ja- 
nuary 25, 1999, generated in the directors of SURA, 
particularly in its president, Gonzalo Alberto Perez, 
the need to develop a methodology of the company 
for the evaluation of Postseismic buildings. Although 
SURA’s Postseismic care in the areas affected by the 
Armenia earthquake involved the participation of a 
group of structural engineers, there was no meth-
odology that allowed homologation and unified cri-
teria for the evaluation of the affected buildings. This 
earthquake was the inspiration for SURA’s Postseis-
mic evaluation methodology.

Vision and approach  
The methodology focused on achieving unicity of 
procedures and evaluation criteria, oriented to the 
diagnosis and classification of objective damages, to 
support decisions of repair, rehabilitation or recon-
struction of its clients’ buildings, in accordance with 
the applicable seismic resistant construction regula-
tions and the advances of the state of the art in struc-
tural engineering in the world. 

Development and implementation
Since its inception in 2005, the development of SURA’s  
Postseismic evaluation methodology has been led 
by engineer Gloria María Estrada, SURA’s current 
regional Geosciences Manager, with the participa-
tion of three external advisors from academia and 
the professional practice of structural engineering, 
engineers Juan Diego Jaramillo, Roberto Rochel and 
Álvaro Pérez. This team developed the first version of 
the methodology that was completed in 2008. 

SURA has trained external teams of structural engineering 
specialists to implement this methodology. In 2008, SURA 
had a group of 60 trained structural engineers in Colom-
bia. Currently, the company has expanded this group and 

has specialists in 
Colombia, Chile, and 
Mexico. This expan- 
tion gives it a better 
response capacity.

The most im-
portant test of this 
methodology took 
place in 2017, in  
SURA’s evaluation 
plan after the earth-
quake of September 

19, 2017, in Mexico. A group of more than 70 engineers 
who specialized in structures participated. From this ex-
perience, there are very valuable lessons learned. Still, the 
most important is the conviction of its importance to chan-
nel efforts towards the seismic resilience of our region, 
seeking to repair, rehabilitate and reconstruct buildings in 
accordance with the advances in engineering.

SURA’s methodology 
for evaluation   
of buildings Postseismic
SURA developed a Postseismic evaluation methodology applied  
only by specialists in structural engineering for the diagnosis, damage 
classification and definition of intervention solutions for buildings  
affected by earthquakes.

Weeks after the 8.8 magnitude (Mw) earthquake in Chile on February  
27, 2010, this group of professionals made a reconnaissance visit to 
the main affected areas to test the methodology in different types 
of buildings with different levels of damage.  

In order to develop this methodology, different proposals and 
criteria existing in the world were studied, among which FEMA 
(Federal Emergency Management Agency of the United States), 
NEHRP (National Earthquake Hazard Research Program of the 
United States) and some specific publications of the AIS (Colombian  
Association of Earthquake Engineering) stand out. The great con-
tribution of SURA’s methodology to the existing approaches was to 
diagnose and classify damages based on quantitative data, which 
allows obtaining an objective vision based on engineering criteria.

Between 2012 and 2015, engineers Elizabeth Cardona, Victo-
ria González and Juan David Rendón, who are now part of the SURA 
Geosciences team, joined the team. Additionally to the internal re-
visions done by the Geoscience team, this methodology has un-
dergone review and feedback processes from external specialists, 
such as engineers Francisco Pérez, from the company Andes Inge-
niería and Alejandro Pérez, from the company Proyectos y Diseños. 
This feedback has been sought to be at the forefront of advances in 
structural and seismic engineering. 

Suramericana has had a lot of vision 
in developing this methodology, since 
it is not only thinking about paying 
for damages, but also contributing 
to building more resilient and less 
vulnerable cities that are better 
prepared to face another earthquake”.   
Juana Llano, Vice President  
of Seguros SURAMERICANA S.A.S

Tomás Isaza, current Insurance Manager of SURA 
Mexico, promoted and supported the development of SURA’s 
methodology for the evaluation of Postseismic buildings 
since its inception in 2005 and after seeing its application 
in Mexico, he is convinced of its effectiveness in meeting the 
needs of clients affected by earthquakes. 

What is SURA’s methodology for evaluating post-
seismic buildings?
Our structural engineering specialists accompany the client 
in two fundamental stages:

•	 Damage diagnosis and classification: A standard damage 
survey manual is followed based on inspection visits carried 
out exclusively by structural engineers. The results are ana-
lyzed  by a centralized team of specialists, which generates  
the damage classification report for each building. 

•	 Assignment of repair, rehabilitation or reconstruction 
methods, according to the damage.

About the procedure, Professor 
Juan Diego Jaramillo from 
EAFIT University comments: 
“SURA’s Postseismic building 
evaluation methodology 
is a novel and pioneering 
work in which SURA should 
persevere”.

SURA's procedure 
for damage classifications

4

2

Prepares a report with the damage 
classification indicating the 
recommendations or complementary 
studies necessary for the definition 
of intervention methods.

Assigns structural engineers to 
the zones to survey the damage 
to the insured buildings.

1

3
Processes the field data 
to classify the damage of 
each building into one 
of the following 3 categories:

Risk of collapse
Minor damage
Special damage

Sura identifies the areas 
affected by earthquakes.
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Para el diagnóstico y clasificación de daños 
postsismo de la metodología de SURA es esencial
evaluar las características de la edificación
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For the diagnosis and classification of post seismic 
damage of the SURA methodology, it is essential 
to evaluate the characteristics of the building.
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For the diagnosis and classification of post seismic 
damage of the SURA methodology, it is essential 
to evaluate the characteristics of the building.
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For the diagnosis and classification of post seismic 
damage of the SURA methodology, it is essential 
to evaluate the characteristics of the building.

Obvious lack 

Steel

Co
nc

ret
e

M
as

on
ry

M
as

on
ry

Irregularities 
Irregularities

      Short 

Bumping b
et

wee
n 

De
ns

ity
 o

f w
al

ls
 a

nd
/o

r 
co

lu
m

ns
 

of redundancy 

adjace
nt b

uil
di

ng
s

column effect

in height

 in layout

Redundant structure

Coincid
ence 

of m
ez

za
nin

e fl
oo

rs

Obvious lack of redundancy

One build
ing is 

at 
lea

st 
tw

o s
to

rie
s 

higher th

an
 ad

jac
en

t b
uil

din
g

Steel fra
mes braced in one 

La
tti

ce
 gi

rders

Re
in

fo
rc

ed
 m

as
on

ry

Discontinuity 

Geometric 

Short column effect

Lo
w

 d
en

si
ty

Unbraced 

One
-w

ay

 

Un
re

in
fo

rc
ed

 m
as

on
ry

Non-parallel system
s

Flexible floor

M
ed

iu
m

 d
en

si
ty

Tw
o-w

ay
 

Displacem
ents in the plane 

Weak floor

No overla
p of

 m
ez

za
nin

es

Hi
gh

 d
en

si
ty

Du
al 

or
 co

mbin
ed

 sy
ste

ms

Excessive corner 

Displacements within

Build
ing at t

he e
nd

 of
 a 

bl
oc

k

St
ru

ctu
ral

 co
ncre

te 
walls

Torsional irregularity

Irregularity in mass 

steel frames

or tw
o directions

co
nc

ret
e f

ram
es

co
nc

ret
e f

ram
es

Co
nfi

ne
d 

w
al

l m
as

on
ry

in the diaphragm

irregularity

 the plane of action

distribution

setbacks

of action of vertical elem
ents

Re
in

fo
rc

ed
 

Ca
vi

ty
 M

as
on

ry

IRREGULARITIES

OT
HE

R 
VA

RI
AB

LE
SST

RU
CT

URAL S
YSTEM

KE
Y 

VA
RI

AB
LE

S 

KEY 
VA

RI
AB

LE
S 

columns

Walls

columns

columns

15

Key Variables 

1

3

5
4

14

17

16

2

2
1

5

4

6

9

10

12

11

13

20

19 18

17

14

15

16

2122

8

7

3

6

8
7

9

12

11

10

18

19

21

20

13

22

For the diagnosis and classification of post seismic 
damage of the SURA methodology, it is essential 
to evaluate the characteristics of the building.

Obvious lack 

Steel

Co
nc

ret
e

M
as

on
ry

M
as

on
ry

Irregularities 
Irregularities

      Short 

Bumping b
et

wee
n 

De
ns

ity
 o

f w
al

ls
 a

nd
/o

r 
co

lu
m

ns
 

of redundancy 

adjace
nt b

uil
di

ng
s

column effect

in height

 in layout

Redundant structure

Coincid
ence 

of m
ez

za
nin

e fl
oo

rs

Obvious lack of redundancy

One build
ing is 

at 
lea

st 
tw

o s
to

rie
s 

higher th

an
 ad

jac
en

t b
uil

din
g

Steel fra
mes braced in one 

La
tti

ce
 gi

rders

Re
in

fo
rc

ed
 m

as
on

ry

Discontinuity 

Geometric 

Short column effect

Lo
w

 d
en

si
ty

Unbraced 

One
-w

ay

 

Un
re

in
fo

rc
ed

 m
as

on
ry

Non-parallel system
s

Flexible floor

M
ed

iu
m

 d
en

si
ty

Tw
o-w

ay
 

Displacem
ents in the plane 

Weak floor

No overla
p of

 m
ez

za
nin

es

Hi
gh

 d
en

si
ty

Du
al 

or
 co

mbin
ed

 sy
ste

ms

Excessive corner 

Displacements within

Build
ing at t

he e
nd

 of
 a 

bl
oc

k

St
ru

ctu
ral

 co
ncre

te 
walls

Torsional irregularity

Irregularity in mass 

steel frames

or tw
o directions

co
nc

ret
e f

ram
es

co
nc

ret
e f

ram
es

Co
nfi

ne
d 

w
al

l m
as

on
ry

in the diaphragm

irregularity

 the plane of action

distribution

setbacks

of action of vertical elem
ents

Re
in

fo
rc

ed
 

Ca
vi

ty
 M

as
on

ry

IRREGULARITIES

OT
HE

R 
VA

RI
AB

LE
SST

RU
CT

URAL S
YSTEM

KE
Y 

VA
RI

AB
LE

S 

KEY 
VA

RI
AB

LE
S 

columns

Walls

columns

columns

15

METHODOLOGY GEOCIENCIAS SURA

18 19



2120

SOURCES

Álvaro Pérez Arango
Civil Engineer from Universidad Nacional 
de Colombia; M.Sc. in Structural Dynam-
ics and Earthquake Engineering from the 
Technical Institute of Karlsruhe, Germany. 
In 2012 he was awarded the distinction of 
Professor Emeritus at the Universidad Na-
cional de Colombia. He currently serves as 
manager of the firm Álvaro Pérez Arango y 
CÍA. LTDA. specialized in structural design 
and studies of structural pathology, seis-
mic vulnerability and rehabilitation proj-
ects of buildings.

Gloria María Estrada Álvarez
Civil Engineer, specialist in Environmental 
Engineering, specialist and M.Sc. in Earth-
quake Resistant Engineering. Geosciences 
Manager of Suramericana. She has worked 
in the development and coordination of 
studies and research in seismic engineer-
ing, soil dynamics and seismic risk. He has 
published more than 20 technical articles 
in the area of seismic engineering.

Juan Diego Jaramillo Fernández
Civil Engineer, M.Sc. in Earthquake Resis-
tant Engineering and Dr. in Engineering. He 
has received academic recognitions among 
which stand out; Lorenzo Codazzi Award 
from the Colombian Society of Engineer-
ing (2000); Gerald A. Leonards Award from 
the Colombian Society of Engineering and 
Annual Research Award at EAFIT University 
(1998) for the project: Seismic Instrumenta-
tion and Microzoning of the city of Medellin. 
He has worked as a professor in the Depart-
ment of Structures at Universidad EAFIT and 
has worked on numerous research projects, 
as well as publishing in scientific journals.

Roberto Rochel Awad
Civil Engineer M.Sc. in Structures; Profes-
sor Emeritus of Universidad EAFIT, Visiting 
Professor at Universidad del Norte, Univer-
sidad Nacional de Medellín, Universidad 
de Antioquia and Universidad Industrial de 
Santander. 

Author of the books Diseño Sísmico de 
edificios and Diseño de concreto reforzado 
(Seismic Design of Buildings and Design of  
Reinforced Concrete). Former president 
of the Association of Structural Engineers 
of Antioquia. Has more than 200,000 m2 
of reinforced concrete building design. 
Has performed pathology studies of edu-
cational, residential and airport facilities. 
Has performed postseismic evaluations in 
Colombia, Chile, Haiti and Mexico.

REFERENCES

•	SURAMERICANA, (2010). Lecciones para 
Colombia del sismo de Chile del 27 de 
febrero de 2010. Suramericana S.A. Me-
dellín, Colombia.

•	SURAMERICANA, (2017). Metodología 
para el diagnóstico, clasificación de 
daños y asignación de métodos de inter-
vención, y supervisión técnica de rehabil-
itación y reconstrucción de edificaciones 
afectadas por sismo. Suramericana S.A. 
Medellín, Colombia.

•	SURAMERICANA, (2017). Manual para el 
diligenciamiento del formulario de SUR-
AMERICANA para el diagnóstico y clas-
ificación de daños postsismo. Surameri-
cana S.A. Medellín, Colombia.

Connection with the mega-trend  
of urbanism   
SURA’s methodology for postseismic evalu- 
ation allows for an adequate treatment of 
affected buildings and in turn, leverages 
the development of knowledge that feeds 
back positively to earthquake risk mana- 
gement in Latin America. In this way, pre-
ventive studies and projects are promoted 
based on the knowledge acquired on how 
to achieve a better seismic performance 
of buildings, which is directly connected 
to the megatrend of urbanism. As part of 
this megatrend, all opportunities for earth-
quake damage reduction to build more re-
silient cities will be enhanced, because for 
people, companies and society in general, 
postseismic care will always be more cost-
ly than preseismic management. SURA, 
through this and other initiatives, wants to 
bring experience, knowledge and conviction 
to the region.

 �At this stage, repair, rehabilitation or 
reconstruction methods are assigned, 
according to the level of damage 

Diagnosis and classification of damage, including:

Damage classification procedure using SURA’s  
Postseismic Evaluation Methodology

Stage 1

Stage 2

→ ��Damage is classified into the following 
categories:

 � ��Manual for filling out the field form,  
to achieve unified criteria.

 � Form for the collection of information in the  
field by structural engineers to characterize  
the building and the postseismic damage  
in the affected areas. 

 � �Analysis of forms filled out in the field  
by a centralized team of specialists.

  �Program for the generation of diagnostic reports  
and damage classification, based on the processing  
of field forms. 

  ��Complementary studies by structural 
engineering firms with extensive knowledge 
and experience, to define the most 
appropriate intervention of the building.

→ �The deliverables of these studies vary 
according to the particular conditions 
of each building:

Recommendation for demolition 
and construction of a new 
building, in case the rehabilitation 
solution is not technically or 
economically feasible.

Analysis of the structure, designs 
and plans for its rehabilitation or 
reinforcement.

Recommendations and plans 
with repair procedures.

Require complementary 
studies to define the most 
appropriate solution for 
postseismic intervention

Special 
damage 

CATEGORY 3

Buildings with minor  
damage repairable by 
standard procedures.

Minor 
damage 

CATEGORY 2

Buildings whose damage implies 
collapse or risk of collapse, 
requiring demolition and 
construction of a new building, 
following the applicable seismic 
design standards.

CATEGORY 1
Risk  

of collapse

 �The field information survey conducted in stage 1 
involves the identification of the structural and non-
structural elements of the buildings, as well as the 
assessment of the respective damages.

Facade*

*Depends on each building 
and structural system

Beam

False ceiling
Window Slab

Column
Glazing

 Structural     Non-structural
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Effects of the earthquake  
of September 19, 2017
on buildings in Mexico City

Throughout history, the lessons learned from earthquakes in 
Mexico have encouraged the development of research generating 
changes in the Seismic Resistance Standards. These changes en-
tailed the incorporation of requirements at all stages of the proj-
ects, such as detailed studies of the soil characteristics and its 
local effects on buildings, greater knowledge in terms of methods 
of analysis and structural design, use of seismic resistant materi-
als and greater controls during the construction process.

Management of buildings affected by earthquakes
Damage magnitude and severity depends on several 
factors, such as the characteristics of the supporting 
soil, quality of the structural design, structural typology, 
construction materials, and presence of irregularities, 

among others. The presence of damage in a building 
implies a detailed review of it, to determine if it can be 
repaired, rehabilitated or if, due to the level of damage, it 
is convenient to demolish it and build it again.

 �Classification of damage to structural  
and non-structural elements of buildings

 �Evolution of the Building Regulations for Mexico City,  
a path towards resilience

FIRST BUILDING 
REGULATIONS 

FOR THE FEDERAL 
DISTRICT

✓
UPDATE 

REGULATION

✓
UPDATE 

REGULATION

✓
UPDATE 

REGULATION

✓
UPDATE 

REGULATION

✓
UPDATE 

REGULATION

✓
UPDATE 

REGULATION

✓
UPDATE 

REGULATION

MICHOACÁN EARTHQUAKE   
(Mw 8.0)

SOURCE USGS

•	The National Reconstruction 
Program is created 

•	Emergency Standards for 
Repair, Rehabilitation and 
New Construction Projects 
are issued

Restoration of the original 
characteristics of the 
building so that it can 
operate again

Optimization 
of the seismic 
performance 
of a building in 
compliance with 
current regulations

Destruction of 
a building and 
construction 
of a new one, 
in compliance 
with current 
regulations

EARTHQUAKE 19S  (Mw 7.1)

ANGEL EARTHQUAKE  
(Mw 7.6)

Publication of 
emergency standards 
that begin to consider 

detailed seismic design 
requirements

The Complementary Technical 
Standards are incorporated:

•	Earthquake and Wind Design
•	Design and Construction of:
•	Foundations
•	Steel Structures
•	Concrete Structures
•	Timber Structures
•	Masonry Structures

There were no seismic 
design regulations. 

Buildings designed only 
to support vertical loads 
and loads related to the 

use of the building

Complementary Technical 
Standards

•	Design and construction 
of wood structures

•	Design and construction 
of metallic structures

•	Seismic design adjustments  
•	Greater rigor in the design of vital 

buildings 
•	Definition of the figures: 
	 Director Responsible for 

Construction (DRO)  
and Structural Safety  
Coordinator (CSE)

•	New Complementary 
Technical Standards 
•	Seismic Rehabilitation 

of concrete buildings 
damaged by the 
earthquake of 
September 19, 2017 

•	Review of Structural 
Safety of Buildings 
(NTC-RSEE)

1985 1993

1987 1995

2004

20171921

1942 1966

1957 1976

Mexico is a territory with a vast seismic history with seismic 
records dating back to 1500, in which high-intensity 
earthquakes such as those of 7S and 19S of 2017 stand 
out. Considering that the reduction of seismic vulnerability 
is key for the sustainable development of a country, Mexico 
has concentrated efforts in the development of knowledge, 
the evolution of building regulations and the preparation 
of suitable professionals for their application, which are 
essential elements to increase its resilience capacity.

Repair / RehabilitationRepair Demolition

MINOR 
DAMAGE COLLAPSESPECIAL 

DAMAGE

Slight and isolated 
cracks visible to 
the naked eye in 
reinforced concrete 
elements, which do not 
compromise the stability 
of the building. They 
are repairable under 
conventional methods.

Slight and isolated 
cracks visible to the 
naked eye in non-
structural masonry 
walls or dividing 
elements. They are 
easily repairable.

Moderate cracks  
and fissures affect the 
structural capacity of 
the building and may 
compromise its stability. 
Structural safety studies 
and repair/rehabilitation 
project are required.

Widespread cracks in 
the dividing or non-
structural walls of the 
building, which may 
involve the partial or 
total rupture of the 
masonry pieces.

Unstable structure 
resulting from 
deformations or damage 
to destroyed or severely 
cracked or crushed 
structural elements. 
Buildings whose repair 
is not technically or 
economically feasible.

Structural  
Elements

Non-Structural 
Elements

Structural  
Elements

Structural  
Elements

Non-Structural 
Elements

As a result of the evolution of the Seismic Re-
sistance Standards in Mexico, there is a positive 
balance of the last earthquake of September 19, 
2017. Only a small percentage of the buildings con-
structed in Mexico City collapsed or suffered sig-
nificant damage, demonstrating that the changes 
generated in the same have been key to achieving 
a reduction in seismic vulnerability.
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Sources: www.sismosmexico.org/mapas  •  Collaborative Map 2017  •  Damage report 1985 Source: SURA

The distribution of collapses of 19S 2017 reported in the brigades’ collaborative 
map indicates that these were concentrated in buildings of less than 10 stories, 
built before 1985, with flat slab typologies, masonry and reinforced concrete 
frames. Compared to the 1985 earthquake of September 19, 1985, 45% of the 
collapses and severe damage occurred in concrete frame buildings and flat slab 
systems between 6 and 10 stories.

From the group of buildings inspected by SURA, 192 were classified with special damage 
or risk of collapse, of which 65% are concentrated in masonry systems, reinforced concrete 
frames (filled with non-structural walls) and flat slab systems of less than 10 levels. In 
addition, from this group of buildings it was found that the irregular configuration of the 
structures, such as corner locations and weak floors, has a marked influence on the 
generation of earthquake damage.

 �Building damage distribution reported by official sources,  
1985 and 2017 earthquakes of September 19, 1985 and 2017

 �Distribution of damages in buildings inspected  
by Sura, earthquake of 19S 2017

AFFECTATIONS OF 
THE EARTHQUAKE 
OF 19S, 2017

  Collapse
  Major damage

AFFECTATIONS OF 
THE EARTHQUAKE 
OF 19S, 1985

  Collapse
  Major damage
  Minor damage

  Zone I
  Zone II
  Zone IIIa
  Zone IIIb
  Zone IIIc
  Zone IIId

SEISMIC ZONING

SEISMIC ZONING
  Zone I
  Zone II
  Zone IIIa
  Zone IIIb
  Zone IIIc
  Zone IIId

BUILDINGS INSPECTED 
BY SURA, EARTHQUAKE 
OF 19S, 2017

  Collapse Risk 
  Special damage
  Minor damage
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Source: Meli R, et al., (1986)

Source: www.sismosmexico.org/mapas - Inspections performed by SURA 
(This analysis combines inspections performed by brigades and SURA)

Sources: buildings analyzed in the earthquake of 19S, 1985: Meli R, et al, (1986) Buildings 
analyzed in the earthquake of 19S, 2017: (Inspections performed by SURA). 

→ The same building may have none, one or several of these characteristics

 �Buildings with major damage and collapse, by structural 
typology and number of stories

 �Structural typologies included in the analysis of the 1985 
and 2017 earthquakes of 19S

 �Structural characteristics of buildings with major damage and collapse caused 
by the 1985 and 2017 earthquakes of September 19, 1985 and 2017 

FLAT SLATE
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SURA is currently supporting the development 
of structural evaluation studies and repair/
rehabilitation projects for approximately 40 
buildings in Mexico City, the States of Mexico, 
Puebla and Morelos.

Repair/rehabilitation management
The most commonly used rehabilitation techniques for the 
reinforcement of medium-rise buildings damaged by the 
1985 earthquake were the encasement of reinforced con-
crete columns and beams. For taller buildings, the predom-
inant technique was the addition of 
reinforced concrete walls and met-
al bracing.

Currently, there is a great 
development of new technologies 
used in different parts of the world, 
seeking to improve the seismic 
performance of buildings.

A positive balance
The 19S earthquake of 2017 shows 
that the damage to buildings de-
pends to a large extent on the struc-
tural system and the area where 
the building is located. Suppose a 
detailed analysis is carried out that 
considers which structures behaved 
adequately in Mexico City, both in 
the 1985 earthquake and the 19S 
earthquake of 2017. In that case, it could be easily concluded 
that dual and combined systems were some typologies that 
had a better seismic performance.

According to the opinion of M.Sc. Francisco García 
Álvarez, the earthquake of 19S of 2017 had different char-
acteristics to the earthquake occurred in 1985, where the 
great distance between the epicenter and Mexico City (400 

km), for the latter, caused the high 
frequency contents of the earthquake 
to disappear, leaving only the low 
frequencies that excited structures 
between 8 and 15 levels; while in the 
2017 earthquake, with an epicen-
ter closer to the city (approximately 
120 km), the high frequencies were 
filtered out and therefore affected 
buildings of lower height, with the 
disadvantage that these are the most 
predominant. 

The number of buildings affect-
ed by the earthquake of September 
19, 2017 is low for a megacity such as 
Mexico City. The path towards seis-
mic resilience marks a challenge 
that seeks to substantially reduce the 
vulnerability of the built environment, 

which implies interconnections with the mechanisms of 
communication to society.
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sis of the new section 12.10 of the US standard 
ASCE/SEI 7-16 (2016) Minimum Design Loads 
for Buildings and Other Structures. He has been 

the author of the 2016-2017 modifications to 
the seismic design of diaphragms in buildings 
of the 2017 Mexico City Supplementary Tech-
nical Standard for Earthquakes; he is an Expert 
in Structural Safety and professor of the course 
on Seismic Design of Concrete Structures in the 
Graduate Engineering Program of the Faculty of 
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The worldwide effort to achieve 
greater resilience has focused on 
the use of new technologies both 
for the design of new buildings  
and for the implementation  
of rehabilitation alternatives. 
For example, energy dissipation 
and seismic isolation systems, 
which imply an increase in initial 
investment costs but a significant 
reduction in structural damage and 
losses associated with business 
interruption. This results in a lower 
total cost distributed over the 
expected useful life of the building.

Structural systems with better performance during the 19S earthquake of 2017

Low masonry structures with 
continuity of walls from the 
foundation to the roof.

Due to their modern design and 
height, steel structures have a very 
different way of vibrating than the 
predominant ground vibration.

Structures with parking lots 
outside the building, eliminating 
the possibility of a weak floor in 
the structure.

Buildings constructed  
after 1985.

Dual or combined systems. Rigid 
structures whose displacements 
are smaller than those of concrete 
frames.

Reinforced concrete wall 
structures.
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Technology and engineering  
for the management of earthquakes
Mexico’s technological advances and the possibilities of recording earthquakes 
are noteworthy, since they have allowed them to generate early warnings,  
and the opportunity to study, monitor and know these natural phenomena in 
greater detail.

Seismic monitoring technology enhances the 
knowledge of seismic wave transmission phe-
nomena and the effects of seismic response of 
soils, to seek analysis and design mechanisms 
that improve the seismic performance of build-
ings. Mexico currently has a dense network of 
instruments to record earthquakes, which, com-
bined with the installation of radio sensors, make 
up the Mexican Seismic Alert System (SASMEX), 
to warn the population of the occurrence of dis-
tant earthquakes.  This innovative system is ad-
vancing more and more in its coverage, and its 
great challenge is to ensure that the population 
interprets its signals better and better, so that it 
follows the appropriate protocols to protect life.

The Center for Instrumentation and Seismic 
Registration A.C. (CIRES, A.C. ), headed by its di-
rector, engineer Juan Manuel Espinosa Aranda, is 
aware that the current seismic warning system 
works well, but can be improved in many aspects, 
even more so when technological developments 
are continuously seen on all fronts that can en-
hance the current network, so as to achieve a 
more inclusive system, incorporating other types 
of signals so that, for example, people with hear-
ing or visual impairments can warn them, and a 
more robust system, in which the existing sensor 
network is expanded.

The operation of the Mexican Seismic Alert System is based on the capture and transmission of the 
earthquake phases by means of the network sensors, which estimate the energy of the earthquake 
through three algorithms, and subsequently transmit the result obtained to the SASMEX central 
stations by means of radio waves, which propagate faster than seismic waves.

1989
1991

1999

2005

The Seismic Alert System 
(SAS) is developed in 

Mexico City as a result 
of the earthquake that 

affected the city in 1985. The new SAS begins operating 
with 12 seismic stations 
located on the coast of 
Guerrero. Alerts began to 
be broadcast through the 
equipment of the Association 
of Radio Broadcasters of the 
Valley of Mexico.The government  

of Oaxaca begins the 
development of a 

Seismic Alert System  
for the city.

Governments of Oaxaca, Mexico 
City and the Ministry of the 
Interior agree to integrate both 
seismic warning systems, giving 
rise to the Mexican Seismic 
Alert System (SASMEX).

 �Mexico’s seismic 
warning system

3S ESTIMATOR
After 3 seconds from the 
detection of the earthquake 
P-waves, the first of the 
algorithms is executed, 
which sends the signal to 
the Control Center.

2SP ESTIMATOR
The third algorithm monitors 
seismic wave conditions from 
the time P-wave motion is 
detected until a significant 
S-wave phase.

S-WAVE DETECTION
At the instant when the sensor 
registers the S-waves of the 
earthquake, the second algorithm 
is executed, in which the signal of 
the frequency and energy content 
of the P-waves registered up to 
that instant is sent.

4

32

 OPERATION OF THE SEISMIC ALERT SYSTEM

Thanks to the fact that radio waves 
travel much faster than seismic waves, 
it is possible to issue distant earthquake 
warnings for Mexico City with up to 

seismic 
sensors97

distributed in the states of Oaxaca, 
Guerrero, Puebla, and the southern 
states of Michoacán, Colima and Jalisco.

Thanks to the fact that radio 
waves travel much faster than 

seismic waves, it is possible 
to issue distant earthquake 

warnings for Mexico City up to

100
in advance.

SECONDS

Accelerographic Stations 
SSN 
Accelerographic Stations 
IINGENXUNAM 
Accelerographic Stations 
CIRES

Communication node in 
service 
Sensor under construction 
Sensor in service

Mexico City

Seismic Alert System

P-WAVE  
DETECTION 
Once the sensor registers the 
P-waves of the earthquake, 
the algorithms that transmit 
the alert signals to the 
SASMEX Control Center begin 
to run.

1

EVOLUTION OF 
MEXICO’S SEISMIC 
WARNING SYSTEM

EARTHQUAKE MANAGEMENT
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Once the earthquake happened, the Colegio de Inge-
nieros Civiles de México A.C., the Sociedad Mexicana 
de Ingeniería Estructural, the Academia de Ingeniería 
and the Instituto de Ingeniería de la UNAM, activated 
the brigades to review the structures affected by the 
earthquake. They summoned Professional Structural 
Safety Experts (PPSE), Structural Safety Correspon-
sible (CSE), civil engineers with experience in struc-
tures, university students of civil engineering and 
postgraduates.

They divided Mexico City into 45 critical areas, 
each one in charge of a specialized structural en-
gineer recognized in the country with more than 15 
years of experience. This engineer, in turn was in 
charge of a group of 2 or 3 civil engineers with more 
than 10 years of experience and between 10 to 15 en-
gineers with less than 5 years of experience or civil 
engineering students. Each brigade classified the 
building into one of the following categories:

MANAGEMENT OF THE 
BRIGADES of Civil Engineers  
in Mexico City - Earthquake  
of September 19, 2017

SMIE Sociedad Mexicana de Ingeniería Estructural  
(Mexican Society of Structural Engineering)

CICM Colegio de Ingenieros Civiles de México A.C.  
(College of Civil Engineers of Mexico)

UNAM Universidad Nacional Autónoma de México  
(National Autonomous University of Mexico)

SMIG Sociedad Mexicana de Ingeniería Geotécnica  
(Mexican Society for Geotechnical Engineering)

UAM Universidad Autónoma Metropolitana  
(Autonomous Metropolitan University)

  No structural damage

  Slight or moderate damage  
       to NON-structural elements

  Damage to structural elements.

ALLIED ENTITIES

		    ‘S MANAGEMENT   
with STRUCTURAL engineers  
in Mexico City

In this phase, the inspection of the insured buildings 
that reported some type of damage was carried out by 
structural engineers, who filled out the form designed by 
SURA. The information gathered in the field was used to 
classify the damage into three categories: 

 � Minor damages

 � Special damages  

 � Risk of collapse

PHASE  1 

Map focused on technical specialists  
www.sismosmexico.org/mapas

 ��Collaborative map with information collected by 
the brigades of civil engineers in Mexico City

Preliminary summary of damages of the buildings inspected  
by the brigades of the earthquake of 19/09/2017.  
(https://www.sismosmexico.org/informes)

 �Damage classification - Buildings 
inspected by the brigades

CLASIFICATION BUILDINGS
Low risk 1,210
High risk 460
Unable to determine 327
TOTAL 1,997

 Low risk   High risk   Unable to determine

61%

23%

16%

 �SURA map with information collected by structural 
engineers in Mexico City

Inspections carried out on insured buildings  
that submitted a claim.

 �Damage classification - Buildings 
inspected by SURA

CLASIFICATION BUILDINGS
Minor damages 2,002
Special damages 157
Risk of collapse 35
TOTAL 2,194

 Minor damages   Special damages   Risk of collapse

91%
7%

2%PHASE  2 

A more detailed analysis is performed at this stage,  
including modeling the building, to determine the nece- 
ssary works to be carried out, according to current regu- 
lations. At this stage, the building is reviewed in accor-
dance with Mexico City’s rehabilitation standards or,  
failing that, those of the State that apply according to the 
site where the building is located.

The engineering companies supporting this stage 
are internationally recognized and have extensive  
experience in structural safety studies (seismic vul-
nerability) and rehabilitation of buildings affected  
by earthquakes.

Structural safety  
and rehabilitation studies

Damage classification

SURA also conducted inspections outside Mexico City in the 
States of: Morelos, Puebla, Mexico, and Tlaxcala.

Map with damage classification of buildings inspected by SURA 
- Taken from the tool GeoSURA

 Risk of collapse  Special damages  Minor damages
Buildings inspected by Sura

 Zone I
 Zone II

 Zone IIIa
 Zone IIIb

 Zone IIIc
 Zone IIId

Seismic Zoning of Mexico City

Mé
Estado de

xico

Ciudad de México

600MORE THAN

12 Engineers 
FIRMS  

STRUCTURAL 
ENGINEERS   

from México, Colombia and 
Chile

67

9
independent 
structural 
ENGINEERS 

35
 BRIGADES

FRANCISCO GARCÍA ÁLVAREZ, 
was the coordinator of 35 brigades for 
the attention of the 19S earthquake.

engineers and engineering 
students participated in the 
brigades (SMIE - CICM).
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GeoSURA, platform for seismic event 
management
SURA’s corporate geographic information 
platform - GeoSURA, facilitated the identi-
fication of the event, the affected areas and 
the policyholders that would potentially have 
some level of damage. 

GeoSURA expedited the elaboration of 
maps and the follow-up of the inspections car-
ried out, as well as the spatial visualization of 
the classification of damages and analysis of 
the information at different levels of detail.

Visualizing and graphically analyzing the 
information allowed us to make decisions for 
the management of the event. 

GeoSURA is increasingly consolidating 
its position as an interactive platform that  
integrates information and facilitates the com-
pany’s management at the service of people.
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→ �Desimone Consulting Engineers  
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→ Doing estudio de Ingeniería S.A.S.
→ Estrucmed Ingeniería Especializada S.A.S
→ Estructuras, Interventorías y Proyectos LTDA.
→ Ingetec S.A. Ingenieros Consultores
→ Ingenio Construcciones y Consultorías S.A.S.
→ Integral Ingenieros Consultores
→ Loto Ingeniería Estructural
→ Muñoz Castañeda Ing. Civil S.A.S.
→ Proyectos y Diseños S.A.S. 

→ Rene lagos Engineers - RLE
→ Triángulo Ingeniería S.A.S.
→ Ing. Andrés Felipe Hernández
→ Ing. Alejandro del Rincón
→ Ing. Arabella Zapata 
→ Ing. Israel Iván León García
→ Ing. Juan Camilo Hinestroza
→ Ing. Juan Carlos Botero 
→ Ing. Kenny Rafael Vielman
→ Ing. Roberto Rochel Awad
→ Ing. Salvador Barrientos

PARTICIPANTSPHASE 1

→ �Advanced Analysis  
and Design LLC

→ García Jarque Ingenieros
→ Rene lagos Engineers - RLE

→ RIZZO International, Inc.
→ Thornton Tomasetti
→ Ing. Mario Rodríguez Rodríguez
→ Ing. Roberto Rochel Awad

Earthquake attention protocol
Sura’s Geosciences area constantly monitors the information issued by national 
seismological services, including the United States Geological Survey (USGS), 
related to the latest earthquakes and their main characteristics such as 
magnitude, epicenter, depth, and intensity.

1

2

3

4

Sura’s team supports clients 
according to the damage 
classification resulting from 
the structural engineering 
analysis.

Using the information gathered in the inspections, 
a damage classification is made.

Sura activates the postseismic evaluation 
plan and defines the number of structural 
engineers needed inspect the buildings 
located in the affected areas.

Thanks to the geolocation of Sura’s portfolio, 
it is possible to carry out a geospatial cross-
referencing of the clients’ properties with the 
maps of seismic intensities reported by the 
seismological services, and, in this way, estimate 
the main areas affected by the earthquake.

Information reported for each event by 
seismological services and other official sources 
is uploaded to the GeoSURA platform.

In parallel to the damage classification 
of the inspected buildings, it was 

possible to identify the main variables 
associated with the vulnerability of 

each structure.

Thanks to the functionalities of the 
GeoSURA platform, it was possible 

to spatially cross-reference the 
available information to identify the 

most affected zones.

PARTICIPANTSPHASE 2
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Lessons learned:   
the road to an earthquake-resilient world

Resilience is a huge challenge for earthquake engineering worldwide.  
The learnings from the 7S and 19S 2017 earthquakes in Mexico show very 
positive elements toward achieving this remarkable goal.

Each earthquake teaches us lessons to achieve this important 
objective. There are many global efforts, such as the Send-
ai framework (2015-2030), committed to disaster risk reduc-
tion to achieve the society’s resilience, which responds to the 
megatrend of urbanism. Its fundamental approach is to ensure 
that the design, construction and postseismic recovery, reha-
bilitation and reconstruction processes consider the expected 
seismic performance of structures, to protect life, property, 
business sustainability, governmental, economic, and social 
stability of countries.

Earthquake effects have allowed the development of tech-
nologies for their attention. Some of them aimed at saving lives 
and uniting society in the recovery process of the affected areas 
and people. However, this attention must also be oriented to en-
sure that postseismic buildings’ reconstruction, rehabilitation, 
reinforcement, and repair processes become an opportunity to 
achieve more resilient cities.

A road traveled in Mexico since 1985
The 1985 earthquake of September 19, 1985 marked a mile-
stone, not only in the seismic history of Mexico, but also in the 
development of seismic engineering. The lessons learned from 
this great earthquake were of remarkable relevance for Mexi-
co and the world, because they showed the preponderant role 
of the seismic response of soil profiles in ground movements 
and their effects on the performance of buildings indisputably. 
A large number of studies and investigations were developed 
based on this great earthquake, and from that day until today, 
the conviction of the fundamental role of soil characterization in 
seismic design codes has grown in the world.   

The 2017 19S earthquake confirmed the findings of the 
1985 19S, and showed the validity and relevance of soil re-
sponse zoning in Mexico City, established in its seismic regu-
lations. In the 2017 19S earthquake, collapsed buildings were 
predominantly concentrated in soft clay deposits 25 to 40 m 
thick, which have fundamental periods of vibration between 1.0 
and 1.5 s, and are mostly classified in zone IIIa soils and a much 
smaller proportion in zone IIIb. Variations between the location 

and height of the buildings, where collapses and 
major damages were concentrated in the 1985 and 
2017 19S earthquakes, are due to differences in the 
frequency content and distance between the seismic 
source and the site of these two events. The 1985 19S 
earthquake occurred almost 400 km from Mexico 
City, while the 2017 19S earthquake occurred 120 km 
away, which shows the countless importance of the 
consideration of the possible seismic sources with 
incidence in this city, coupled with the types of soil 
that in each case can intensify the seismic response.

However, the importance of structural systems 
in the seismic behavior of buildings cannot be ignored. 
The 19S earthquakes of 1985 and 2017 show import-
ant learnings from structures with severe damage 
and collapse, concentrated in flat slab systems and 
reinforced concrete frames (with unreinforced ma-
sonry infills). All this information is key in repair deci-
sions, reinforcement designs and construction of new  
buildings after the September 2017 earthquakes.

Preparation, generosity, and knowledge
In response to the 7S earthquake of magnitude 8.1 

In 12 days, during the month of September 
2017, Mexico was shaken by two strong 
earthquakes. The first, with a magnitude of 
8.1 (Mw) at a depth of 47 km, occurred in 
the state of Chiapas on September 7. The 
second, with a magnitude of 7.1 (Mw) at a 
depth of 48 km, was generated in the border 
between Puebla and Morelos, on September 
19. The date of this earthquake of Septem-
ber 19 is an incredible coincidence, because 
it occurred precisely on the commemoration 
of the 32nd anniversary of the great earth-
quake of September 19, 1985. 

Many lessons remain from these two 
earthquakes of September 2017. They 
reflect very positive results of effort and 
study in Mexico, which show progress 
on the path towards the search for 
seismic resilience that this country 
undertook with huge force, after the 
great earthquake of 1985.

THE 7S AND 19S EARTHQUAKES OF 2017

(Mw), the XXXVI Board of Directors of the College of 
Civil Engineers of Mexico called for volunteer engi-
neers to travel to Oaxaca and Chiapas to assess the 
damage and collaborate with federal and local au-
thorities. The organization of Mexico in a group of bri-
gades for the inspection of buildings in Mexico City 
is a remarkable achievement that this Latin Ameri-
can country shows to the world. The brigade scheme 
shows the generosity of its members, a group of more 
than 600 volunteer engineers and civil engineering 
students, and the usefulness of their efforts in guid-
ing the State’s decisions. Within these brigades, the 
commissions of structural engineers played a pre-
ponderant role due to their knowledge and experi-
ence in technically assessing the level of damage 
to the buildings. As the number of structural engi-
neers is low in relation to the total number of brigade 
members, this plan for visual inspection of build-
ings implemented a first format of rapid evaluation 

of buildings that allowed filtering the most critical cases, in order 
to define the portion of buildings that required a second inspection 
visit with a more detailed form. The participation of engineer Fran-
cisco García Álvarez, president of the Mexican Society of Structural 
Engineering (SMIE), as leader of 35 brigades, reflects the outstand-
ing commitment of the country’s engineering to postseismic care. 
Thus, the participation of the groups of structural engineers was 
made possible by the leadership of the College of Civil Engineers of 
Mexico (CICM) and the commitment of the Mexican Society of Struc-
tural Engineering (SMIE) and the universities, as is the outstanding 
case of the UNAM. There is always room for improvement, but the 
result is a powerful initiative that was possible thanks to the gener-
ous dedication of a group of people motivated by a common interest, 
which has the great challenge of strengthening itself, standardizing 
formats and criteria, and achieving systematic and efficient support 
from structural engineers.

 �Seismic Zoning of Mexico City for seismic design purposes - NTC 2004

Zone I

Zone II

 Accelerographic stations CIRES 
 Accelerographic stations IINGEN-UNAM 

Zone IIIa

Zone IIIb

Zone IIIc

Zone IIId
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Technology at the disposal of the people
Information on the progress made by the brigades in 
Mexico City has been available to the general public since 
the earthquake occurred on www.sismosmexico.org. 
Likewise, the Mexican government launched a cam-
paign at www.gob.mx/sismo/ to help identify structur-
al damage to buildings, which allows them to define  
aid priorities.  

The Seismic Alert System of Mexico City (SASMEX) 
is a novel system that exists in few cities in the world. 
It has useful current applications for earthquakes far 
from the city, such as the 1985 earthquake of September 
19, 1985. This system can also be used for applications 
of earthquakes closer to the city, as the network of its 
instruments grows. For the population of Mexico City, 
it is essential to know better and better the operation 
and utilities of this seismic warning system, to proper-
ly interpret the signals and follow the correct protocols. 

Lessons learned from SURA’s postseismic  
plan in Mexico
Commitment to repair, strengthen and rebuild to achieve build-
ings with better seismic performance for the future, where possi-
ble, is SURA’s commitment to seismic resilience in Latin America. 
SURA’s management after the September 2017 earthquakes in 
Mexico confirms the relevance of this conviction.  

SURA’s postseismic evaluation methodology was im-
plemented in Mexico with several groups of structural en-
gineers from Mexico, Chile and Colombia. From September 
25 to December 21, 2017, SURA had permanent groups of 
around 23 structural engineering specialists to implement 
the inspection plan of more than 2,000 buildings in Mexico 
City and the States of Mexico, Morelos, Puebla, among oth-
ers. Gloria María Estrada Álvarez, Geosciences Manager of 
SURAMERICANA S.A., believes that “the good balance of this 
postseismic plan in Mexico is that it has been a very effective 
mechanism to support our policyholders in Mexico affected 
by these earthquakes with an engineering approach. We 
have many logistical elements to improve, but the result has 

been a group of more than 150 people from SURA Mexico, 
the Geosciences team of SURAMERICANA S.A., and a group 
of professionals from structural engineering firms in Chile, 
Mexico, and Colombia. This group is trained in SURA’s post-
seismic methodology, all committed to a common cause, 
inspecting and preparing forms of buildings with some type 
of damage, for the diagnosis and classification of damage 
to guide the processes of repair, rehabilitation and recon-
struction. In the complementary studies stage for the group 
of buildings that require additional evaluations to define the 
most appropriate repair or rehabilitation techniques in each 
case. SURA has had the support of a group of internation-
al structural engineering firms with boundless postseismic 
experience and a Mexican firm of countless prestige in the 
field of structural engineering. At SURA we are convinced 
that private enterprise, and especially the insurance sector, 
has the responsibility to contribute to society, generating 
mechanisms that motivate to avoid repairing, rehabilitating 
or reconstructing vulnerability”

Lessons learned on the structural  
performance of buildings
Articles published by Ph.D. Mario Rodriguez, researcher at the 
Autonomous University of Mexico UNAM and the John A. Blume 
Earthquake Engineering Center at Stanford University, show 
statistics from the 19S earthquake of 2017, which allow identify-
ing predominant characteristics of the buildings that collapsed 
and presented severe damage associated with this event.

Based on these findings from the buildings that collapsed 
by the earthquake of 19S of 2017, the John A. Blume Center for 
Earthquake Engineering at Stanford University, highlights the 
importance of generating regulatory mechanisms for the review 
and seismic rehabilitation of buildings constructed before 1985, 
located in the areas of the old lake of Mexico City.

Furthermore, the concentration of collapses in buildings 
constructed before 1985 also shows a positive balance of the 
evolution of the Mexican seismic standard, which has sought to 
reflect in its requirements the lessons learned from the great 
earthquake of 1985.

 �Predominant characteristics of the buildings that collapsed and suffered 
severe damage in Mexico City in the earthquake of September 19, 2017

Important positive feedback from  
the 19S earthquake of 2017 was 
the good performance of buildings 
with dual-type structural systems. 
The results of the calculation of the 
damage index proposed by Ph.D. 
Mario Rodriguez indicate that even 
considering the joint effect of the 
1985 and 2017 earthquakes, buildings 
with dual system have no collapse 
potential, which is also congruent with 
the absence of collapses of buildings 
of this typology related to the 19S 
earthquake of 2017.

Buildings constructed 

1985
BEFORE

Beam

Lateral resistance system 
of flat slab supported by 
columns (no beams)

Dual or combined 
system

Reinforced 
concrete 
stiffening wall

Structural system in 
reinforced concrete 
frames in two 
directions (columns 
and beams)

Perimeter wall 
generating torsional effects  
in corner buildings

Column

Column

Buildings of 
less than 

10
STORIES

Possibility of slamming due to insufficient 
clearance with adjacent buildings

Buildings with 
weak floor 
configuration 
(floor with 
lateral strength 
and stiffness 
significantly lower 
than that of upper 
levels)

Beam
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The collaborative schemes with SURA that were implement-
ed in Mexico are the first initiatives with academia and pro-
fessional associations. The UNAM, the Mexican Society of 
Structural Engineering (SMIE), and a group of structural en-
gineering firms and structural engineers show a fruitful short 
and medium-term future to advance in the development of 
knowledge and management of seismic risk in Mexico. 

A topic to work on in SURA’s postseismic plan is to 
achieve a better collaboration scheme with the efforts of the 
Government and other institutions in the country. For SURA, 
it is clear that when a disaster of any kind occurs, it is a chal-
lenge for society as a whole, where joint public-private efforts 
should always be oriented to the common.  

Considerations on seismic-resistant  
construction standards in Mexico
Since 1985, the evolution of seismic standards in Mexico 
has revealed positive aspects of the seismic performance of 
buildings in the country, which show the results of the les-
sons learned in practice. As expressed by Ph.D. Mario Ro-
driguez, after the 1985 earthquake, the seismic regulations 
in Mexico City changed with respect to those existing at that 
time, requiring more resistance and lateral stiffness in build-
ings, which is an additional factor to interpret the better be-
havior of buildings in the 19S earthquake of 2017 concerning 
that observed in buildings in the 19S earthquake of 1985.

The updated seismic standard for Mexico City inclu-
des details of the estimated soil response for site-specific 
seismic design purposes, for which designers access the 
System of Seismic Actions for Design (SASID), as explained 
by engineer Francisco García Álvarez, current president of 

the Mexican Society of Structural Engineering (SMIE). The 
provisions published in December 2017, which modify Mexi-
co City’s Building Regulations, include standards for the 
seismic rehabilitation of concrete buildings damaged by 
the September 19, 2017 
earthquake.

Considering the 
cases of buildings that 
suffered collapse or ma-
jor damage in the earth-
quake of 19S of 2017, 
and that had not had 
considerable damage in 
the earthquake of 19S of 
1985, Ph.D. Mario Ro-
driguez, suggests that 
for a better interpreta-
tion of the vulnerability 
of structures, the effect 
of accumulated damage 
should be considered 
when structures expe-
rience more than one strong earthquake during their useful 
life. Ph.D. Rodriguez has been working for several years at 
UNAM in research on a damage index, with which he made 
validations from real data from the earthquake of 19S of 2017, 
which show a promising way to advance in complementary 
methodologies for the analysis of the expected seismic per-
formance of buildings (Rodriguez, 2017).

The seismic behavior of nonstructural elements and 
their interaction with the building structure is a fundamental 

aspect of buildings’ seismic performance and functionality after 
this type of event. The evaluation of nonstructural elements should 
consider not only the materials used and construction systems, but 
also the importance of integrating architects in the construction 
and rehabilitation project teams.

A large number of specialists in structural engineering in 
Mexico, among which stands out the Ph.D. honorary professor at 
UNAM  Luis Esteva, agree that innovative structural solutions for 
seismic A large number of specialists in structural engineering in 
Mexico, among which stands out the Ph.D. honorary professor at 
UNAM  Luis Esteva, agree that innovative structural solutions for 
seismic protection can benefit the seismic rehabilitation of essential  
structures and community care. Among these innovative structural 
solutions, we find isolation and seismic dissipation. These solu-
tions can be used whether or not they have been affected by the 
September 2017 earthquakes, given the countless importance of 
maintaining their operations after an earthquake.

Lessons learned from the 7S and 19S earthquakes in Mexico  
should be considered in the updating of standards and in the im-
provement of construction quality control mechanisms in the dif-
ferent countries of Latin America. Many countries in the region 
share similarities with Mexico in terms of seismic hazard condi-
tions, structural typologies, and construction practices. The im-
portant legacy and responsibility left by the earthquakes is to put 
their lessons into practice with responsibility and conviction that 
seismic resilience is an achievable challenge for our societies.
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The progressive 
improvement of Mexico 
City’s Building Regulations to 
date has been the result of 
the integration of advances 
in seismic monitoring and 
instrumentation, and the 
development of knowledge 
about the seismic response  
of soils and the performance 
of buildings, which show  
a very valuable path  
towards resilience.
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in Geology from the University of Canterbury, 
Christchurch, New Zealand.

Francisco García Álvarez
Civil Engineer; M.Sc. in Engineering;  
President of the Mexican Society of Structural 
Engineering. He has published in congresses 
and technical journals and was the director  
of the Crisis Center that was set up jointly  
SMIE-CICIM for the inspection brigades after 
the earthquake of September 19, 2017. 

Francisco García Jarque
Civil Engineer; M.Sc. in Engineering. He is 
a member of the Evaluation Committee of 
Professional Experts in Structural Safety of 
the College of Civil Engineers of Mexico and of 
the Committee of Corresponsible in Structural 
Safety of the Government of the Federal District.

Juan Diego Jaramillo Fernández 
Civil Engineer; M.Sc. in Earthquake Resistant 
Engineering and Dr. in Engineering. He has 
received academic awards. Professor of the 
Department of Structures at Universidad EAFIT. 
Has worked in numerous research projects and 
publications in scientific journals. 

Mario Rodríguez Rodríguez
Civil Engineer; M.Sc. and Ph.D. in structures, 
full time researcher at the Institute of 
Engineering of UNAM. He participated in the 
damage assessment of the earthquakes of 
Chile 1985, Mexico 1985, Japan 1995 and 
2010, Peru 2007, Mexicali 2010, Chile 2010, 
and Mexico City 2017. 

Roberto Rochel Awad
Civil Engineer; M.Sc. in Structures; Professor 
Emeritus of Universidad EAFIT. Author of 
the books: Seismic Design of Buildings and 
Reinforced Concrete Design. 

Ross S. Stein
Ross S. Stein is CEO of Temblor.net; Professor 
of Geophysics at Stanford University; Scientist 
Emeritus of the United States Geological 
Survey (USGS; Chair of the Tectonophysics 
Section of the American Geophysical Union 
(AGU), and 2017-2018 Geological Society of 
America (GSA) Keynote Lecturer.

The Sura Geosciences magazine has a specialized work team that supports the writing, editing and 
design activities, made up of internal sources of Suramericana and external researchers recognized 
worldwide, in the topics of the interrelationships of nature with the different strategic aspects of 
companies and society.  
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LUIS NISHIZAWA - Paisaje, barranca y peñas. 1950 - Óleo sobre madera - Colección SURA 

Este paisaje mexicano es una de las 900 obras de arte que hacen parte de 
la Colección SURA, la cual se inició en 1972 y es hoy considerada como una 
de las más representativas de Latinoamérica, contribuyendo al apoyo y 
conservación del patrimonio artístico y cultural de las comunidades.

SURA siente el arte,
vive la cultura

LUIS NISHIZAWA - Paisaje, barranca y peñas. 1950 - Oil on wood - SURA Collection

This Mexican landscape is one of the 900 works of art that are part of the 
SURA Collection, which began in 1972 and is today considered one of the 
most representative in Latin America, contributing to the support and 
conservation of the artistic and cultural heritage of the communities.

SURA feel the art, 
live culture


