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ABSTRACT : 

A use of optimal design was done to determine the level of security that has to be yielded in the new version on 

the Seismic Design Chapter of the Mexican Handbook of Civil Constructions. The test of the optimization was 

done for essentially short-period conventional building structures (called typical of the Group B or TGB). 

Optimal design coefficients, as well as the correspondent return periods, were obtained for the whole Mexican 

territory. It was found that in low seismicity zones, these coefficients can be associated to very long return 

periods, with low probabilities of occurrence. Maxima earthquakes were invoked in order to examine the 

intensities. Both probabilistic and deterministic maxima earthquakes were useful to identify the maxima 

intensities that is possible to obtain in a classical hazard approach. Attenuation laws with truncated distribution 

were used to account for the physical inherent saturation. 
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1. INTRODUCTION 

 

It was made use of the optimal design to establish the lateral strength levels of design in the new version of the 

Seismic Design Chapter of the Mexican Handbook of Civil Constructions (MDOC by its name in spanish 

Manual de Diseño de Obras Civiles). The optimization exam was done for Typical structures of the Group B 

(TGB), that essentially correspond to short period buildings. Optimal design coefficients, as well as the 

correspondent return periods, were obtained for the whole Mexican territory, and were provided by means of 

maps in the MDOC. It was found that, in low seismicity zones, these coefficients are associated to very long 

return periods. For structures located in low seismicity zones, some undesirables consequences can be pointed 

out: For redundant and robust structures, such as the TGB, the gravity design would usually lead to seismic 

strength higher than the recommended design values, therefore designing for actions with very long return 

period would not have economic implications of importance (it would be buying security for lateral load at very 

low cost). However, for structures with less reserve than the TGB (i.e. pendular structures or flexible bottom 

floor structures) vertical loading design would yield low seismic resistance, so it would have to make seismic 

design by using optimal coefficients associated with very long return periods. Its economic consequences could 

be important. In these low seismicity zones, the optimal design coefficients match with unrealistic earthquakes. 

 

 

2. SEISMIC HAZARD IN MEXICO 

 

The recent advance in seismology and engineering has significantly contributed to the knowledge of seismic 

hazard in Mexico, especially in the next topics: The geometry of the Cocos Plate in its portion subducted 

beneath the continental plate of North America was improved. Better attenuation laws for intermediate depth 

earthquakes have been made due to great activity of this kind of earthquakes in the last few years. New 

attenuation laws for crustal earthquakes that include data of a great number of recorded events in several places 

of USA, especially in California, have been developed in the last years. These laws seem to be adequate for 

some earthquakes that occur in Mexico. The procedure to compute the seismic hazard is described in what 

follows. 
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2.1. Local Seismicity Models  

The Mexican Republic has been divided in 43 sources of earthquakes. There are four possible origins for 

earthquakes in Mexico: subduction earthquakes, normal faulting an intermediate depth earthquakes, 

shallow earthquakes of the continental crust and earthquakes of the Polochic-Motagua fault system.  

These sources obey the regional tectonic process and are reflected by the instrumental history of the 

recorded earthquakes. Each one of these sources generates earthquakes with a constant rate per unit area. 

The activity of the i-th seismic source is specified in terms of the exceedance rate of magnitudes there 

generated, i (M) . The exceedance rate of magnitudes measures how frequent earthquakes whit 

magnitude greater than a given one are generated.  
 

2.1.1 Sources governed by the modified Gutenberg–Richter relation  

For the most of the seismic sources, the function λ(M)  is a modified version of the Gutenberg and Richter 

relation. In these cases, the seismicity is described by the next form: 
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where 0M  is the minimum relative magnitude and 0 ,  , and uM are parameters that define tha 

exceedance rate of each one of the seismic sources. These parameters, different of each source, are estimated by 

statistical Bayesian procedures (Rosenblueth y Ordaz, 1989), that include information about regions tectonically 

similar to Mexico, and expert information, specially about the  values, the maximum values that can be 

generated in each source. 

 

2.1.1 Sources governed by the characteristic earthquake model 

The functional form of λ(M) , given in the equation 2.1, is used for the most of the seismic sources. However, 

it has been observed that the distribution of magnitudes of great subduction earthquakes (M>7) is far from the 

one predicted by the Gutenberg and Richter relation, causing the characteristic earthquake concept. For great, 

subduction earthquakes, λ(M) is defined as: 
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where 0 , E(M) , and   are parameters that have to be obtained statistically for the Mexican subduction 

zone, and ( )   is the normal standard distribution function. 

 

2.2. Attenuation laws  
After the activity rate of each one of the seismic sources is determined, it is necessary to evaluate the effects (in 

terms of seismic intensity) that each source produces in a specific site (supposedly located at firm ground). For 

this purpose, knowing what intensity would take place in the site if an earthquake with a given magnitude 

occurs in the i-th source, is required. Equations that relate magnitude, site-source distance and intensity are 

known as attenuation laws. It is considered that the seismic intensities of interest are the ordinates of the 

response spectrum Sa  (pseudoaccelerations, 5% of critical damping), quantities that are approximately 

proportional to the lateral inertial forces generated in the structures during earthquakes and depend on the 

natural period of vibration. 

 

Three attenuation laws dependent of the path from the source to the site are used in this study in a spectral 

scheme to account for the fact that the attenuation is different for waves of different frequency, so there are 

parameters for each vibration period. These laws are: costal earthquakes (Ordaz et al, 1989), intermediate depth 

earthquakes (García et al, 2005) and superficial earthquakes (Abrahamson and Silva, 1997). 
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2.3. Seismic hazard assessment 

Given magnitude and epicentral distance, the seismic intensity cannot be considered deterministic because it is 

not free of uncertainties. it is often to suppose that, given magnitude and distance, the intensity Sa  is a random 

variable lognormally distributed, with median mA (M, R) , given by the attenuation law and typical deviation 

of the natural logarithm equal to ln A . For instance, if an earthquake with magnitude M  and distance R  

has occurred, the probability that the spectral acceleration AS  would be greater than a given value, Sa ,  
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Once the seismicity of the sources and the attenuation patterns of the generated waves in each one of them are 
known, the seismic hazard can be computed regarding the sum of the effects of all the sources and the distances 
between each source and the referred site. The hazard, (Sa) , expressed in terms of the exceedance rates of 
intensities Sa  is computes as is indicated in what follows: 
 

2.3.1 Basic Equations 

In this study, seismic sources are areas, where a spatial integration process to account for all possible focal 

locations is performed. Generally it is assumed that, in a seismic source, all point have the same probability to 

be an epicenter (constant seismicity per unit area). In this case, the rates of exceedance of acceleration due to 

one seismic source (the i-th) are computed with the next equation (Esteva, 1967): 
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where j  is the index for each one of the sub-elements in what the source has been divided 0M  and uM  

are the minimum and maximum magnitudes considered in the analysis, A ijPr(S u M,R )  is the probability 

that the acceleration exceed the value u  in the site, given that an earthquake with magnitude M  is generated 

at the distance ijR , and ijR  are the distances between the site and the sub-element j  of the source i . A 

weight ijw  for each sub-element is assigned, which is proportional to its size. The term A ijPr(S u M,R )  

is computed as pointed in equation 3. Finally, the contributions of all sources - N - are summed to the seismic 

hazard of the site. This analysis is performed for several structural periods: 
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3. OPTIMAL DESIGN 

In the last decades, in Mexico as in other parts of the World, it has been stipulated design criteria in which, 

besides the hazard, economical issues are taken into account. It has given place to the optimal design. A design 

value is optimal if minimize the sum of the present value of the expected losses due to earthquakes and the 

initial cost of construction. It is supposed that the expected losses due to earthquakes as well as the initial cost of 

construction depend on a single parameter: the nominal design strength, expressed in terms of the base shear 

force. As a consequence, the optimal values are no associated to a constant return period. In fact, the 

optimization leads to a situation that is instinctively correct: in low seismicity zone, where the design value to 

resist lateral load is relatively cheap, designing to return periods greater than the ones used in the highest 

seismicity zones is optimal. According to Esteva (1970), it is considered that a design coefficient is optimal if it 

minimizes the sum of the expected cost of the decision of having used precisely this design value. The expected 

costs are formed by two components: the initial cost, that grows as the adopted design value grows, and the 

updated to the present value of the cost of the all losses due to earthquakes that can be occur in the future.  
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3.1. Initial cost 

The next variation of the initial cost of construction CI(c) , with the design coefficient c  is adopted: 
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where 0C  is the cost that it would have even when it does not be designed to resist lateral loads, 0c  is the 
lateral strength that it would have in this case and RC  and   are coefficients. If equation 3.1 is normalized 
with respect to 0C , it can be written that 
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3.2. Present value of the expected losses due to earthquakes 

As initial model, it is supposed that each time that the design strength, c , is exceeded, it will have a total loss 

of the structure, This model is, evidently, very simple. The real strength of a structure is, in general terms, 

uncertain but with a median higher than the nominal of design. So, when the nominal design strength is 

exceeded, it is not necessary that a total loss would be presented, only can be given probabilistic asseverations 

about the value of the loss. On the other side, it is conceivable that partial failures would be presented even 

when the demand does not exceed the nominal strength. This would make mandatory the formulation of 

vulnerability relations and their formal inclusion in the losses assessment.       
 

However, as it will be shown, the optimization asses will be done just to determinate relative levels of expected 

costs between buildings in different parts of the country. This is why it was believed that the use of a more 

detailed model was would not yield substantial improvements. 

   

According to Rosenblueth (1976), if it is supposed that the occurrence procedure is Poissionian, and if the 

updating of the money value is adequately described by an exponential function, the present value of the 

expected losses, )(cEVP , when it is designed for a strength c  is: 
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where CP(c)  is the cost of the loss due to earthquake,   is the discount rate of the value and (c)  is the 
exceedance rate of the demand that produce the failure when it has been designed for a strength c . s it was 
pointed out by Ordaz et al (1989), the cost of the loss is not only the value of the damaged constructions, 
because the loss of the buildings affects the work of the economy such that, in general, the total losses are 
greater than the purely material losses. To account for this effect, it is proposed in the cited work that 
 

I LCP(c) C (c) (1 S )            (3.4) 

 

where )(cCI  is the initial cost, given in the equation 3.1 and LS  is a factor that measures the importance of 

the losses constructions. It is had that 
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4. OPTIMAL SPECTRA FOR STRUCTURES OF THE GROUP B 

The intention of this phase of the study was not to carry out meticulous calculations to rigorously determine the 

values of the optimal coefficients of design. The objectives of the calculations were the following: Supposing 

that the coefficients of design in zone D of the MDOC-DS (1993) are optimal for structures of located group B 

for sites in the Pacific Coast, how much the coefficients of optimal design would have to value in the rest of the 

country? This it is, in essence, the approach adopted by Esteva and Ordaz (1988).  
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It will be assumed that for Typical structures of Grupo B (TGB) of short period ( 0.3seg ), in firm ground, the 

level of the plateau of the spectrum for zone D of the MDOC-DS (1993) leads to optimal design in the Pacific 

Coast. It can be appreciated that the resistance to which the simplified model for the present value of the 

expected losses by earthquake is the real strength, whereas the ordinates of the spectrum of the MDOC-DS 

(1993) are reduced by the effect of the overstrength. Therefore, it is necessary to turn the spectra of the 

MDOC-DS (1993) to real strengths. For this, an overstrength factor of 2 has been used, that is reasonable for a 

wide group of structures. In view of this, the implicit real strength in the plateau of the spectrum of zone D of 

the MDOC-DS (1993) is c 0.5 2 1   . With these adoptions and using the seismicity of a representative 

point of the Pacific Coast (the selected site was Acapulco and the spectral ordinate was measured in eT 0.3 s ) 

and the value of 12LS  used in the MDOC-DS (1993) (Ordaz, et al, 1989), it was determined what values of 

K  and   ead to the conclusion that the value 1c  is optimal in that site. It was done by iterations, 

obtaining the following values: 6.1K  and 2 , that are not very different from the adopted ones by 

Ordaz, et al (1989) for the determination of design spectra in the MDOC-DS (1993). Once the values of K   

and   were determined, the values of the optimal coefficients in the rest of the country were determined.  

 

A consequence of the application of optimization criteria as the one described herein is that the optimal values 

are not associate to a constant return period. The optimization leads to a situation that is correct: in low 

seismicity zones, where the design to resist lateral load is relatively cheap, it is optimal to design for longer 

return periods than those that would be used in zones of greater seismicity. For the zones of greater seismicity of 

Mexico, the calculated optimal return periods are between 250 and 500 years, whereas after the zones of smaller 

seismicity, the values reach the 3.000 years. Said in other words, in low seismicity zones, where seismic 

coefficient c is associated to very great return periods, the security is cheap and it must be bought. In figure 1, a 

map of Peak Ground Accelerations (PGA) associated to the optimal periods of return for this set of structures is 

shown. These accelerations, which vary between 0.06 and 0.5 g, will serve as reference for the examination of 

the accelerations produced by maxima earthquakes. The values for five cities are compared more ahead.  

 

 

Figure 1. PGA associated to the optimal return periods of TGB structures 

 

5. MAXIMA EARTHQUAKES 

As it was commented, it is not optimum to design for a constant return period in zones of high and low 

seismicity; at least partially, seismic regionalizations are an approach towards the optimal design. Nevertheless, 

it is in these zones of low seismicity in which the optimal design provides design coefficients that can be result 

excessively conservative for structures that are more vulnerable to lateral lading that those that served as 

reference to determine the optimal coefficients, in this case structures type building of short period (TGB, 0.3 s). 
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Why it is considered that the optimal coefficients in zones of low seismicity can excessively be conservative? 

First, because the fact that they are associated to extremely long return periods (several thousands of years). 

Second, because it is difficult to imagine a realistic earthquake that would produced them. The following 

question fits: if it is difficult to imagine an earthquake that produces them, why its period of return is of several 

thousands of years and not infinite? The reason of this, as it is seen in the section corresponding to maximum 

probabilistic earthquakes, is the way in which the uncertainty in the attenuation laws is modeled. In figure 1 it is 

indicated that for low seismicity zones, the peak ground acceleration is 0.08 g. Since the optimal design leads to 

buy security in low seismicity zones, then it is probable that a paradoxical situation would be had: as the 

observer moves away of the high seismicity zones, the intensity of the optimal design is reduced more slowly 

than the one due to the maximum earthquake that is reasonable to imagine. It is expected that in high seismicity 

zones, the optimal coefficients would be minors than those corresponding to maxima earthquakes. In low 

seismicity zones, there is the opposed situation. So far, we have referred about the maximum earthquake or the 

maximum earthquake that is reasonable to imagine without defining it. It will be illustrated in the following 

paragraphs the difficulties that there are to define the maxima earthquakes. 

5.1 Maximum determinist earthquake 
It is possible to be asserted that the maximum possible earthquake or maximum determinist earthquake is that 
one that is located to the minimum possible distance of the interest site and with the maximum possible 
magnitude. Even supposing that the minimum distance as well as the maximum possible magnitude can be 
known in a determinist way (supposition very doubtful), is impossible to ignore the uncertainty in the intensity 
that will appear given to magnitude and distance. It is assumed that given these two amounts, the intensity Sa  
is a variable lognormally distributed, with median ),( RMAm  - given by the law of attenuation that is being 
used and standard deviation of natural logarithm equal to Aln . For the maximum possible earthquake, it is 
common to suppose that the intensity that will appear is not the median, but a high percentile, defined almost 
always of arbitrary way. The intensity associated to the maximum determinist earthquake can be calculated as: 
 

 m ln ASa A M,R exp(  )             (5.1) 
 
where  determines what percentile is being used. For example, for a lognormal distribution, percentile 84 is 
associated to =1. As it can be appreciated, the intensity associated to the maximum possible earthquake cannot 
be associated to any period of return.  

5.1 Maximum probabilistic earthquake 
The maximum determinist earthquake is, according to the authors, an inadequate way to characterize the 
earthquake greater than it is reasonable to imagine. Let consider, two seismic sources able to produce the same 
maximum possible magnitude, located both to the same possible minimum distance of the interest site. In 
agreement with the given definition of maximum possible earthquake, both would generate the same maximum 
possible intensity, independently of the frequency whereupon earthquakes with magnitudes near to the 
maximum possible one are generated. In other words, although one source could be 100 times more active than 
the other, both would generate the same maximum possible intensity, which seems absurd for design purposes. 
In order to correct this deficiency of the maximum determinist earthquake, we will prefer the definition of the 
maximum probabilistic earthquake, or maximum probable earthquake. We will say that the maximum probable 
intensity is that one that, as a result of a formal examination of seismic hazard, is associated to a specified return 
period, sufficiently long. Nevertheless, in the formulation that has presented in this work, that is the one that 
was used in the calculations for the MDOC-CFE, still outlandishly great intensities have finite return periods, 
since, in view of which a lognormal distribution was assigned to the intensity (given M and R), the probability 
of having an unreally great intensity, given any pair of values of, M and R, it is not null. To correct this problem, 
it is set out to use truncated lognormal distributions to the intensities (conditional to M. and R). In other words, 
given M and R, it will be assumed that the probability of having intensities higher than the given one in equation 
5.1 is zero. For finite return periods, as the ones used for seismic design of structures, the definition of 
maximum probabilistic earthquake takes into account the effect of different activity rate of the sources.  

 

6. RESULTS FOR PEAK GROUND ACCELERATION 

In order to quantify the intensities produced by maximum determinist earthquakes, the maximum intensity 
produced by each source in each node of the proposed mesh was determined using equation 5.1. For it, the value 



The 14
th  

World Conference on Earthquake Engineering    

October 12-17, 2008, Beijing, China  
 

 
=1 was fixed and it was made use of the attenuation law corresponding to each examined source, using the 
minimum distance and the maximum magnitude. The maximum value was taken after evaluating the intensity of 
all the considered sources. The map of PGA due to maximum deterministic earthquakes appears in figure 2. In 
this figure the accelerations that would be had in five cities are indicated (in parts of the gravity - g). These cities 
are: Acapulco (1.0), Coatzacoalcos (0.29), Guadalajara (0.43), Monterrey (0.13) and Mérida (0.033).  
 

 

 

Figure 2. PGA produced by the maximum deterministic earthquake with truncated lognormal distribution (= 1) 
 

For the probabilistic earthquakes it was specified that the distributions of the intensities predicted by the 

attenuation laws are lognormals, truncated with =1. PGA due to maximum probabilistic earthquakes for a 

return period of 6500 years appears in figure 3. For the selected cities the following intensities are had: 

Acapulco (0.601), Coatzacoalcos (0.129), Guadalajara (0.121), Monterrey (0.040) and Merida (0.012).  

 

 

 

Figure 3. PGA produced by the maximum probabilistic earthquake with truncated lognormal distribution (= 1) 
 

Finally, figure 4 shows PGA corresponding to optimal return periods obtained from seismic hazard curves that 

were constructed with attenuation laws with truncated distribution (= 1). Compare the values that are reported 

in figures 1, 2 and 3 with the ones reported in figure 4. For high seismicity zones, the peak values correspond to 

the optimal design, whereas in low seismicity zones, the peak values correspond to values lower than the ones 

displayed in figure 1, obtained with attenuation laws with lognormal distribution without truncation.  
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Figure 4. PGA associated to the optimal return periods (as fig 1) using truncated lognormal distribution (= 1) 

7. CONCLUSIONS 

It has been made to see that the optimal design leads to coefficients that are excessively conservative for certain 

structures in low seismic zones. The reason that we consider them excessively conservative is that they 

correspond to earthquakes difficult to imagine. In order to correct this problem, maximum deterministic and 

probabilistic earthquakes were defined. It was shown that in two sites in identical conditions, that only differ in 

the seismicity, the same maximum determinist earthquakes are present, and that are the maximum probabilistic 

earthquakes those that differ. It was discussed that the maximum determinist earthquake is the higher level and 

it is not related to any return period. Also, it was shown that the maximum probabilistic earthquake, calculated 

with truncated distribution, tends asymptotically to the value corresponding to the maximum deterministic 

earthquake, when the return period tends to infinite. Maps computed with attenuation laws with truncated 

lognormal distribution were used to show PGA for deterministic, probabilistic and optimal earthquakes. The last 

is close to the one that will be used in the next version of the Seismic Design Handbook 
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