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ABSTRACT 
 

    This paper discusses main results of an investigation focused on assessing the 
seismic performance of typical Mexican school buildings towards identifying their seismic 
resilience. The case-study school buildings have identical plan view with one-, two-, and 
three-story height, and they are located in a region of high seismicity in the Pacific Coast 
of Mexico. Two-dimensional (2D) analytical models of the longitudinal direction of the 
school buildings included modelling the nonlinear behaviour of captive reinforced 
concrete (RC) columns and the adjacent partial-height infill masonry walls. The 2D 
analytical models were subjected to a set of 24 as-recorded mainshock-aftershock 
seismic sequences gathered at stations placed on the subduction zone of the Mexican 
Pacific Coast. Results of this investigation evidenced that the two- and three-story school 
buildings exhibit larger median interstorey drift demands at the first-story than those 
exhibited by the one-storey school building, which could lead to a weak first-storey 
mechanism. Particularly, aftershocks increase median interstorey drift demands and, as 
a consequence, the state of damage at the ground storey might increase due to the 
captive RC columns failing in shear. These results call the attention for a retrofit initiative 
of existing Mexican school buildings designed with out-of-date seismic provisions.   

  

 

1. INTRODUCTION 
 

School buildings are considered as essential facilities under the action of natural 
hazards worldwide, such as earthquakes, since they should remain safe an operational. 
Therefore, their seismic resilience should be high (i.e., they should recover their 
operational state in a short recovery time). However, several earthquake events have 
highlighted the vulnerability of existing school buildings in earthquake-prone regions such 
as in Italy (e.g., Augenti et al. 2008), Turkey (e.g., Gur et al. 2009), Nepal (e.g., Xie et al. 
2015), Venezuela (e.g., Castilla et al. 2000), Perú (Muñoz et al 2004), Mexico (e.g., 
Alcocer et al. 2020), and other countries worldwide.  
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For instance, 15,822 school buildings were reported with some type of damage in 
9 Mexican States and Mexico City as a consequence of the September 7 (Mw=8.1) and 
September 19, 2017 (Mw=7.1) earthquakes that struck the Southern and Central region 
of Mexico (INIFED 2017). It should be noted that the total number of school buildings 
with some type of damage was updated to 16,136 to October 25, 2017, which may be 
partially attributed to the effect of the following aftershocks of such strong seismic events. 
Moreover, a Mw7.1 earthquake on February 16, 2018 hit the Pacific coast of Oaxaca 
state, which increased the total number of damaged school buildings to 19,194 since 
2017 (Programa 2019).  

Among several types of damage, it has been highlighted that shear failure of captive 
reinforced concrete columns (Guevara and García 2005), which refers to reinforced 
concrete columns surrounded by partial-height infill masonry walls for window openings, 
could lead to severe damage, and even collapse, in school buildings. For instance, Gur 
et al. (2009) reported the damage state of 16 school buildings subjected to the May 1, 
2003 (Mw=6.4) Bingöl earthquake in Turkey, which mainly showed shear damage at the 
ground columns. Furthermore, three three-storey school buildings collapsed as a 
consequence of the earthquake. An example of with severe damage due to short RC 
column as a consequence of the Mw7.4 June 23, 2020 Crucecitas, Oaxaca, earthquake 
(StEER, 2020) is shown in Fig. 1.  

 
 

 
Fig. 1 School building with severe damage due to short RC column as a consequence 

of the Mw7.4 June 23, 2020 Crucecitas, Oaxaca, earthquake (StEER, 2020) 
 

Additionally, man-made structures located in earthquake prone-regions are not only 
exposed to a single seismic event (i.e., mainshock), but also to a seismic sequence 
consisting of foreshocks, mainshock and aftershocks. In particular, historical 
earthquakes have shown that the aftershocks may increase the damage state at the end 
of the mainshock, or even drive to severe damage, or collapse, to the damaged structure, 
such as school buildings. For instance, Neupane et al. (2018) examined the seismic 
performance of school buildings damaged during the Gorkha seismic sequence that 
struck Nepal, with the mainshock on April 15, 2015 (Mw=7.8) and the main aftershock 
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on May 12, 2015 (Mw=7.4). They noted that about 8,200 school buildings were reported 
with some type of damage, which could have been increased due to the effect of the 
aftershocks.  

The main objective of this paper was to evaluate the seismic performance of typical 
Mexican school buildings located in a region of high sesmic hazard in the Pacific Coast 
of Mexico, particularly considering the action of aftershocks. Their post-earthquake state 
of damage based on their damage state and functionality are indicators to identify their 
seismic resilience. For this purpose, three building models having different stories which 
are representative of typical existing school buildings in Mexico were analyzed under a 
set of mainshock-aftershock sequences gathered at accelerographic stations placed in 
the subduction region. Special attention was given to model the shear behavior of the 
captive RC columns.  

 
 

2. MEXICAN CASE-STUDY SCHOOL BUILDINGS 

     2.1 Building description 
The aim of this study was to assess the seismic performance of existing school 

buildings designed with out-of-date seismic regulations. In the absence of original 
drawings, typical drawings of modern school buildings designed and build by the Institute 
of Michoacan State Physical Infrastructure for Education (IIFEEM) were reviewed to 
define the geometrical features of the cases-study school buildings. Typical school 
buildings have a characteristic rectangular plan; for example, of 8m-by-42.88m as shown 
in Fig. 2.  

 
 

 

 
Fig. 2 Typical plan view of the case-study school buildings                              

considered in this investigation 

 
For this study, it was considered that the rectangular plan has 13 bays in the 

longitudinal direction and one in the transverse direction, while typical elevation is of 
3.35m. The structural system of the case-study school buildings is based on reinforced 
concrete (RC) frames with cast-in-place RC slabs. Since it was assumed that the case-
study school buildings were representative of those designed in the 90’s in Mexico, 
confined clay-brick masonry walls were considered in the transverse direction. 
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Additionally, it should be noted that typical school buildings include partial-height 
masonry walls between columns for allowing windows. Thus, one-, two-, and three-story 
height school buildings found in the educational infrastructure in Mexico were designed 
as part of this study.  
 

2.2 Seismic elastic and design spectra 
It was assumed that the school buildings are built in the port city of Lazaro Cárdenas, 

located in the highest seismic hazard region of the Pacific Coast of Mexico. The seismic 
scenario is dominated by interplate (subduction) earthquakes, due to the interaction of 
the Cocos and the North American plates; for instance, the great September 19, 1985 
(Mw=8.0) earthquake had an epicenter a few kilometers from Lazaro Cárdenas. They 
were designed following the seismic provisions of the 1993 edition of the Manual of Civil 
Structures of the Federal Commission Electricity (MOC 1993), named MOC-1993 
hereafter. According to the former MOC-1993, Mexico was divided in four seismic zones 
from Zone A (low seismic hazard) to Zone D (high seismic hazard), where the port city 
of Lazaro Cárdenas is located in the former zone. It should be noted that school buildings 
are considered as critical structures, which imply that an importance factor equal to 1.5 
must be applied to the ordinates of the elastic spectrum, as shown next in Fig. 3 for 
seismic zone D. Reduction of linear acceleration ordinates was made through a ductility 
reduction factor, Q, equal of 2. However, Q was multiplied by a factor of 0.8 since the 
school building is considered an irregular structure under the MOC-1993 seismic 
requirements. Therefore, seismic design spectrum employed for the design of the school 
buildings is also shown in Fig. 3.  

 

 
Fig. 3 Comparison of elastic (denoted to as MOC-1993-E) and design (denoted to as 

MOC-1993-D) spectra for seismic zone D (soil type III). Median and percentile-
spectral ordinates from the set of mainshock earthquake ground motions considered 

in this investigation is also illustrated in the figure  

 

2.3 Design  
A nominal yield strength of 4200 kg/cm2 (411,879 kN/m2) was assumed for the 

reinforcement steel, while a nominal compressive strength of concrete of 250 kg/cm2 
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(24,517 kN/m2) was assumed for the design phase of the elements in the family of school 
buildings. A force-based design approach using equivalent lateral loads, commonly used 
in Mexican design practice at the 1990’s, was employed for the preliminary sizing of 
structural elements. Mechanical elements for design were obtained from linear elastic 
analyses of three-dimensional elastic. Fig. 4 shows a comparison of the final size and 
detailing of the elements, whose nomenclature corresponds to that indicated in Fig. 2.  

 

 

Fig. 4 Final sizing and steel reinforcement detailing of the RC sections in the        
case-study school buildings 

 

2.4 Nonlinear modelling strategy 

Two-dimensional (2D) analytical models that represent each school building in the 
longitudinal direction were prepared using the computational platform OpenSees (2021). 
For this purpose, both exterior frames were attached through rigid frame elements to 
experience the same lateral deformation at each floor, which assume a rigid diaphragm 
action. In the analytical models, beams and columns were modeled as two-dimensional, 
prismatic beam elements composed of an elastic beam element with semi-rigid 
rotational springs at the ends that concentrates their inelastic behavior (i.e., moment-
rotation hysteretic behavior). The hysteretic behavior in the rotational springs accounts 
for structural cyclic degradation (i.e., strength and stiffness degradation) using the 
Ibarra-Medina-Krawinkler model (Ibarra et al. 2005), denoted to as IMK model, and 
implemented in the OpenSees platform. The parameters of the backbone curve in the 
IMK model for beams were obtained from those proposed in Haselton et al. (2007) 
assuming a flexural-type behavior. Slender and captive RC columns were modeled with 
different type of nonlinear hysteretic behavior. That is, the parameters of the backbone 
curve in the IMK simulated a flexural-shear mode of failure for the slender columns, 
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without adjacent masonry walls, while the parameters for the short columns, with 
adjacent partial-height masonry walls, were calibrated to simulate a shear-failure under 
cycling loading. For this purpose, experimental results of columns identified as failing in 
flexural-shear and shear modes were downloaded from the PEER Structural 
Performance Database (PEER, 2003). After that, each experimental backbone curve 
was employed to identify: 1) the parameters required to define the backbone curve of 
the IMK model, and 2) to calibrate its cyclic experimental response. Finally, median 
parameters from all extracted parameters were considered in the school building 
models. For instance, Fig. 5 shows a comparison the experimental hysteretic response 
of Specimen 2SLH18 and 3SLH18 tested by Lynn et al. (1996) under cycling loading 
and the corresponding analytical response using the OpenSees platform (2021). 

 
 

 

Fig. 5 a) Comparison of experimental cyclic response and corresponding analytical 
response using the IMK model in OpenSees (2021) for: a) specimen 2SLH18 (Lynn et 

al. 1996) failing in flexure-shear; b) specimen 3SLH18 (Lynn et al. 1996) failing in 
shear 

 
The single strut modeling strategy introduced by Noh et al. (2018) was 

implemented in the analytical models to incorporate the participation of the partial-
height masonry infills between RC columns. The modeling strategy consist of 
representing the masonry wall with a strut having equivalent properties. The strut was 
modelled as a truss element included in the OpenSees library (2021), having a 
hysteretic behavior represented by the peak-oriented IMK model, whose parameters to 
represent the backbone curve and cyclic force-displacement response were calibrated 
from the experimental response of confined masonry walls tested under cyclic loading 
(Flores and Alcocer, 1996). Under this assumptions, Fig. 6 shows the modeling strategy 
employed to simulate the seismic behavior of school buildings.  
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Fig. 6 Modeling strategy for the case-study school building models 

 

2.5 Dynamic and mechanical features 
Standard modal analysis and nonlinear static (pushover) analysis were carried out 

to obtain the dynamic and mechanical properties of the case-study school building 
models. For instance, Fig. 7 shows a comparison of the capacity curves (i.e., base shear 
normalized with respect to the total weight, Vb/WT, versus the roof drift) obtained from 
each school building model. From the figure, it can clearly be seen that after reaching 
their peak lateral strength capacity, the school building models exhibit a negative post-
capping stiffness, which is attributed to a weak first-story mechanism due to the ground 
short captive columns failing in shear. It can also be seen that the taller the school 
building, the steeper the post-capping stiffness. Furthermore, it seems that the one-
story school building model exhibits larger displacement capacity after yielding than the 
two- and three-story school buildings, which lacks of such displacement capacity.  
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Fig. 7 Capacity curves obtained from pushover analysis of the case-study school 

building models considered in this investigation 
 

 

Table 1 reports relevant dynamic and mechanical features of each case-study 
building model, where T1 is the first-mode period of vibration, Cy is the yield strength 

coefficient (i.e., Vby normalized with respect to W), y is the roof drift at yielding,  and 

pc are the post-yield stiffness ratio (i.e., post-yield stiffness normalized with respect to 
the initial stiffness) and the negative post-capping stiffness ratio, respectively. It should 

be mentioned that the values of Cy, , and pc were obtained from a trilinear 
representation of each capacity curve using an equal energy approach. 

 
Table 1. Dynamic and mechanical properties of the case-study school building models  

Building 
model 

T1 

[s] 

Cy y 

[%] 

  

 

pc  

 

1NLC 0.213 0.50 0.53 5.9 13.2 

2NLC 0.401 0.53 0.39 7.4 29.2 

3NLC 0.604 0.59 0.35 5.2 45.2 

 

Subsequently, nonlinear dynamic time-history analyses of the school building 
models were carried out using the computational platform OpenSees (2021). The 
Newmark constant average acceleration method with time step equal to 0.001s to 
enhance convergence was employed in the analysis phase.  A Rayleigh damping model 
with damping ratio equal to 5% of critical damping was established to the first and 
second modes of the school building modes. Additionally, P-Delta and P-delta effects 
were included (i.e., large displacement analysis) during the nonlinear time-history 
analyses. 
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3. SEISMIC SEQUENCES 

This investigation centered its attention on the effects of seismic sequences on 
the response of typical Mexican school buildings located in the subduction zone of the 
Mexican Pacific coast, which is threated from subduction interface earthquakes. This 
zone has the highest seismic hazard in Mexico and corresponds to seismic zone D 
according to the MOC-1993 (MOC 1993). For this purpose, an ensemble of 24 
mainshock-aftershock ground motion seismic sequences was assembled from the 
Mexican Database of Strong Motions (MDSM, 1999). The seismic sequences were 
selected according to the following criteria: a) magnitude of mainshock event equal to 
or greater than 5.5 whereas magnitude of main aftershock event equal to or greater 
than 4.0; b) available information about the soil condition, which correspond to Soil Type 
I (i.e. bedrock and stiff soils such as compacted volcanic ashes, moderately cemented 
sandstones, and highly compacted clays; c) acceleration time histories recorded on 
stations placed on free field or low-height buildings for which soil-structure interaction 
effects were negligible; and d) seismic sequences having peak ground acceleration 
(PGA) of one of the mainshock horizontal components greater than 100 cm/s2. Under 
these criteria 24 seismic sequences from two orthogonal horizontal components 
recorded during 5 historical earthquakes, including the 1985 Michoacan (Mw=8.0) 
earthquake, were selected for this investigation.  

For performing nonlinear dynamic analysis, there is a time-gap having zero 
acceleration ordinates between the as-recorded mainshock and the aftershock 
acceleration time-history to ensure that the school building models reach their rest 
position. Similarly, duration of the aftershock acceleration time-history included zero 
acceleration ordinates at the end of the excitation. It should be noted that in some 
seismic sequences the intensity of the aftershock, measured by PGA, was greater than 
that of the corresponding mainshock, although the magnitude of the mainshock was 
greater than that of the main aftershock. As an example, Fig. 8 shows seismic 
sequences recorded at Papanoa town and Zihuatanejo Airport accelerographic stations 
located very near to the Pacifica coast and the epicenter area during the mainshock 
(September 19, 1985, Mw=8.0) and the main aftershock (September 20, 1985, Mw=7.6). 
Ruiz-García (2012) has noted that this seismic scenario arises when the epicentre of 
the aftershock is closer to the recording station than that of the mainshock. Papanoa 
town and Zihuatanejo Airport accelerographic stations are located about 181 and 114 
km along the Pacific coast from the port city of Lázaro Cárdenas, respectively.  
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Fig. 8 Examples of seismic sequences recorded at two accelerographic stations near 
the subduction zone of the Mexican Pacific coast from subduction interface arthquakes: 

a) Papanoa station (comp. S00W); b) Zihuatanejo Airport station (comp. N00E) 
 

 
4. SEISMIC RESPONSE  
 

4.1 Measures of structural damage and functionality  
Nonlinear dynamic time-history, NLTH, analyses of the school building models 

under the set of mainshock-aftershock sequences described in the previous section were 
carried out with the aim of evaluating their seismic performance. For this task, the 
computational platform OpenSees (2021) was also employed for NLTH analyses. The 
peak interstorey drift, IDR, and the permanent interstorey drift, RIDR, at the end of the 
earthquake excitation were selected as the engineering demand parameters, EDPs. The 
IDR can be related to several damage states through drift-based fragilities for seismic 

assessment. For this purpose, Table 2 reports the geometric mean, 𝐼𝐷𝑅 ̅̅ ̅̅ ̅̅ , and dispersion 

 (i.e., standard deviation of the logarithmic of IDR) to be used for drift-based fragilities, 
considering lognormal distribution, corresponding to several damage states for RC 
columns failing in shear, lightly-reinforced RC columns, and infill masonry walls 
introduced in the literature.  It should be mentioned that geometric mean of IDR linked to 
damage states for RC columns failing in shear were found in this study based on 
examining 62 RC specimens that exhibited shear failure tested during 17 research 
programs worldwide. Besides that, RIDR can be a measure of the post-earthquake 
functionality. For instance, McCormick et al. (2008) reviewed permanent drift levels 
associated to functionality, construction tolerances, and safety in buildings, finding that a 
RIDR of about 0.5% could cause human discomfort (e.g., headaches and dizziness). 
Additionally, it should be noted that the IDR is different to the drift experienced at the 
captive columns, which was computed from the relative lateral displacement normalized 
with respect to the captive column’s height named IDRc. Therefore, the school building 
models were subjected to all earthquake ground motions and, subsequently, EDPs were 
statistically processed to obtain median IDR and RIDR demands along height.  
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Table 2. Statistical parameters for obtaining drift-based fragilities (for a lognormal 
distribution) associated to the vertical elements in the school buildings 

Element Damage state 
 𝐼𝐷𝑅 ̅̅ ̅̅ ̅̅   
[%] 

 

 
RC columns failing in shear 

(this study) 

DS1: Light 
cracking 

0.13 
0.94 

DS2: Severe 
cracking 

0.99 
0.46 

DS3: Shear 
failure 

1.37 
0.31 

DS4: loss of 
axial load 
carrying 
capacity 

2.67 0.61 

 
Lightly RC columns failing in 

flexure-shear 
(Aslani and Miranda 2006) 

DS1: Light 
cracking 

0.35 0.37 

DS2: Severe 
cracking 

0.71 0.44 

DS3: Shear 
failure 

2.00 0.58 

DS4: loss of 
vertical load 
carrying 
capacity 

3.10 0.63 

 
Infill masonry walls 

(Chiozzi and Miranda 2018) 

DS1: Light 
cracking 

0.13 0.33 

DS2: Severe 
cracking 

0.33 0.28 

DS3: Heavy 
cracking 

0.82 0.33 

 

 
4.2 Effect of the number of stories 
The effect of the number of stories in the seismic response of the school buildings 

was examined at a first step. Fig. 9 shows the distribution along height of median IDR for 
each of the case-study school buildings under the set of 24 mainshock earthquake 
ground motions (EQGMs). The record-to-record variability is also included in the figure 
as the IDR corresponding to the 16th- and 84th-percentiles. It can clearly be seen that 
the amplitude of the IDR demands significantly increases when the school buildings have 
two- or three-stories, and they tend to concentrate at the ground story, which is consistent 
with damage observations after post-earthquake field reconnaissance. The median IDR 
in the two- and three-story school buildings suggests that the columns and infill masonry 
walls at the ground level reached their DS2 (severe cracking) and DS3 (heavy cracking), 
respectively.  Fig. 10 displays the distribution of drifts along the stories considering the 
height of the captive columns, named IDRc. The drifts associated to the damage states 
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introduced in this research for captive RC columns are also indicated in the figure. It can 
be seen that ground story captive RC columns of the two- and three-story school 
buildings could even reach the DS3 (i.e., severe cracking) when record-to-record 
variability is considered (i.e., IDRc corresponding to the 84th percentile) in their seismic 
evaluation. Therefore, drift concentration at the ground story can be attributed to the 
shear failure of the short captive RC columns. Similarly, Fig. 11 displays the distribution 
of RIDR along the height. It can be observed that although RIDR demands increases as 
the number of stories increases, the median RIDR demands is not significantly large to 
compromise the functionality of the case-study school buildings. This behavior can be 
attributed to the re-centering hysteretic behavior of the RC elements, which has also 
been reported in other studies (Ruiz-García and Miranda 2006).   

 

 

Fig. 9 Heightwise distribution of median IDR, as well as IDR corresponding to the 16th-
percentile (solid orange line) and the 84th-percentile (dashed orange line), for the case-
study school buildings considered in this investigation: a) 1NLC model; b) 2NLC model, 

and c) 3NLC model 
 

 
Fig. 10 Heightwise distribution of median IDR for captive RC columns in the case-study 
school buildings under the set of mainshock earthquake ground motions considered in 

this investigation: a) 1NLC model; b) 2NLC model, and c) 3NLC model 
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Fig. 11 Heightwise distribution of median RIDR for the case-study school buildings 
under the set of mainshock earthquake ground motions considered in this investigation:        

a) 1NLC model; b) 2NLC model, and c) 3NLC model 
 

4.3 Effect of the aftershocks 
School buildings are essential facilities that should remain operational after an 

earthquake event. In the case that they experience some type of damage that restrain 
their access, they can be subjected to the following strong aftershocks before measures 
of rehabilitation can be implemented. Therefore, it is pertinent to investigate the effect 
aftershocks in the increment of structural damage sustained after the mainshock. Figs. 
12 and 13 displays a comparison of median IDR and IDRC demands corresponding to 
the set of mainshocks and the set of mainshock-aftershocks for the case-study building 
models. It can be seen that the effect of the aftershocks in increasing both IDR and IDRC 
demand is more significant for the three-story school building. As a consequence, it is 
expected that the state of damage, mainly at the captive RC columns, increases if any 
repair and strengthening action is taken before the attack of an important aftershock, 
which is usually the case. Furthermore, it is expected a significant loss of axial load 
carrying capacity at this damage state, which could lead to collapse due to weak first-
story mechanism mainly in the three-story school building. Therefore, it is expected that 
the three-story school building has lower resilience than the one- and two-storey school 
buildings since he time for recovery its full operational capacity after retrofitting should 
be longer.  

Similarly, a comparison of median RIDR demands exhibited from the case-study 
school buildings after the mainshock set and the mainshock-aftershock sequences is 
also shown in Fig. 14. It can be seen that the effect of the aftershocks is again negligible 
for the school buildings. However, it should also be noted that the RIDR demands 
involves large record-to-record variability. If the record-to-record variability is considered 
in RIDR demand (e.g., considering he 84th-percentile of RIDR), the three-story building 
would exceed the RIDR threshold of human discomfort.  
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Fig. 12 Heightwise distribution of median IDR for the case-study school buildings under 
the set of mainshock (M) and mainshock-aftershock (M+A) earthquake ground motions 
considered in this investigation: a) 1NLC model; b) 2NLC model, and c) 3NLC model 

 
 

 

 

Fig. 13 Heightwise distribution of median IDR for captive RC columns of the case-study 
school buildings under the set of mainshock (M) and mainshock-aftershock (M+A) 

earthquake ground motions considered in this investigation: a) 1NLC model;                 
b) 2NLC model, and c) 3NLC model 
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Fig. 14 Comparison of heightwise distribution of median RIDR for the case-study school 
buildings under the set of mainshock (M) and mainshock-aftershock (M+A) earthquake 

ground motions considered in this investigation: a) 1NLC model; b) 2NLC model,       
and c) 3NLC model 

 
 

5. CONCLUSIONS  
 

This paper examined the seismic behavior of typical reinforced concrete (RC) 
school buildings having one-, two-, and three-stories located in the highest seismic 
hazard zone of the Mexican Pacific Coast. The analytical modelling strategy of the school 
buildings particularly included the nonlinear behavior of captive RC columns failing in 
shear, as well as the nonlinear behavior of lightly reinforced (i.e., non-ductile) RC 
columns and infill masonry walls. They were subjected to a set of 24 earthquake ground 
motions gathered at 12 acceleroraphic stations placed at the Mexican Pacific coast 
during historical events, including the September 19, 1985 (Mw=8) earthquake. 
Additionally, the seismic performance of the school buildings under the following main 
aftershock ground motions recorded at the same stations was investigated in this study. 
Four damage states for RC columns failing predominantly in shear, such as the captive 
RC columns, and their corresponding median interstory drifts, IDR, based on 
experimental results were introduced as part of this study for seismic evaluation of school 
buildings. From the result of this investigation, the following conclusions are offered:  

The peak lateral strength capacity obtained from the capacity curves of the school 
building models was smaller than the design strength required by the MOC-1993 seismic 
regulations, which can be attributed to the premature failure in shear of the captive RC 
columns. 

Lateral strength and deformation capacity of the two- and three-story school 
buildings significantly decreased once they reached their peak strength, which is 
characterized by a negative slope. The lack of deformation capacity after reaching the 
peak strength and sudden strength deterioration can be attributed to the development of 
a weak-first story mechanism.  
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The two- and three-story school building models experienced concentration of IDR 
at the first-story under the set of mainshock earthquake ground motions, which lead to a 
weak first-story mechanism. 

The median IDR demand experienced by the three-story school building at the 
ground story increased as a consequence of the aftershocks, which imply that the post-
mainshock damage state of the captive RC columns is more susceptible to increase at 
the end of the aftershocks than that of the one- and two-story school buildings.  

Permanent interstory drifts at the end of both the mainshock and the main 
aftershock earthquakes were below 0.5%, which has been suggested as the limit for 
human discomfort. This situation could be explained since the RC elements exhibits re-
centering behavior that constrains the elements permanent deformations as reported in 
the literature.  

From this investigation, it can also be concluded that existing Mexican school 
buildings of two- and three-story height have smaller seismic resilience than one-story 
school buildings located in the highest seismic hazard zone of Mexican Pacific coast. 
Therefore, mitigation strategies for retrofitting existing school buildings should be a 
priority for Mexican states along the Pacific Coast located at the subduction region.   
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