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ABSTRACT 
 

This paper describes the seismic performance of a reinforced concrete building located in 
the city of Manta during the April 16, 2016 Ecuador earthquake, which had a focal depth of 19.2 Km 
and a magnitude of 7.8. This 15-story building is representative of the high-rise buildings in Manta. 
The structure is composed of special moment resisting frames, lightened slabs and a central core 
wall standing on stiff soil.  

 
The design philosophy of structures in which certain type of damage is admitted according 

to the degree of seismic intensity is presented. The response spectrum for Manta was established 
based on the accelerations registered in a station located in the city. Subsequently, it was 
determined that minor structural damage in addition to mild to moderate damage on non-structural 
elements were expected.   

 
With the purpose of understanding the reason why more damage occurs in a building on 

certain floors than in others, the displacement profiles of two traditional structural systems, moment 
resisting frames and structural walls; and, two types of buildings with seismic isolators and dampers 
are presented. 

      
The analyzed building did not report structural damage during the earthquake of April 16, 

2016. It only presented damage on masonry, classified between mild and moderate. A method to 
replace the heavy unreinforced brick walls in partitions is proposed, which leads to reduce dead 
loads and consequently the effect of seismic forces.  

 
 

Key words: Reinforced concrete building. Seismic performance. 2016 Ecuador Earthquake. 
 
 
 

1. INTRODUCTION 
 

After the damage reported due to the M7.8 coastal Ecuador earthquake of April 16, 2016, it 
might be thought that buildings in Ecuador are constructed with poor materials and a low 
engineering level. In Portoviejo city, 40 buildings have collapsed (Delgado, 2016). In Manta city the 
exact number of tall buildings that reported inappropriate seismic performance is still unknown. 

 
 The Buzios building is located in the Umiña 2 neighborhood and is representative of the  

high-rise buildings in Manta. Figure 1 a) shows the main façade of this building during its 
construction, which has 3 basements and 12 floors, 15 levels in total; and, Figure 1 b) shows the 
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façade after the earthquake of April 16, 2016. At first glance, the two pictures are the same. 
However, looking more closely, in Figure 1 b) minor damage on plastering is observed, which 
shows that the structure behaved satisfactorily during the earthquake. 

 

 

  
   a)      b) 

 
Figure 1. Buzios Building:  a) During its construction; b) After the earthquake of April 16, 2016 

 
 
Tall buildings respond to two different configurations in Manta, one based on special moment 

frames (columns and beams), and the other based on a combination of special moment frames with 
shear/structural walls. For an interplate earthquake with a moment magnitude of 7.8, non-structural 
elements (masonry) would suffer damage if these two seismic configurations are considered. All 
depends on the shape and magnitude of the spectrum, and if the spectrum has very high ordinates, 
damage on the end regions of the beams can be also admitted. The Buzios building combine 
special moment frames with a core shear wall surrounding the stairs and elevators.  

 
If structural damage is not desired, the system should include isolation techniques, which shift 

the fundamental vibration period of a building to a large value. Currently, the Universidad de las 
Fuerzas Armadas ESPE (UFA-ESPE), in the Valley of Los Chillos in Ecuador, is incorporating 
seismic isolators in new structures (Aguiar and Morales, 2015; Aguiar et al. 2016, 1). Another 
option, where certain damage is expected, less than in conventional structures, is the usage of 
seismic dampers, which are mechanical devices included in a structural system to dissipate energy 
induced by seismic forces. Two building blocks in the UFA-ESPE include Shear Link dampers 
(Aguiar et al. 2016, 2). The structural damping is increased and consequently, reduced 
displacements are expected when these devices are provided.  

 
The performance of these four structural types is presented in the following section. The 

spectra of the April 16, 2016 Ecuador earthquake for Manta is described later. 
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2. PERFORMANCE OF CONVENTIONAL BUILDINGS 
 
With the aim of explaining the performance of tall buildings, a 15-story frame with 4 axes of 

columns is considered. The masses of each floor are concentrated only in a vertical axis. The 
lateral deformations due to the seismic action are established on this axis.  

 
The behavior of a frame structure is presented in Figure 2 a). It is observed that the major  

displacements occur on the 4, 5, 6 and 7 floors, approximately, corresponding to the levels PB, P1, 
P2 and P3 of the Buzios building, respectively. The performance of a building with shear/structural 
walls is observed in Figure 2 b). It shows that the maximum displacements occur on the upper 
levels; in these structures, the lateral displacements are lower than in frame structures. Therefore, 
in a frame structure, the maximum displacements will occur in the intermediate floors, and in a 
structure with shear/structural walls, the maximum displacements will take place in the upper floors. 

 
 

 
 

a) b) 
Figure 2. Lateral displacements expected in: a) Structure based on frames; b) Structure based 

on shear/structural walls. 

 

 

In conventional structures, the design spectrum is divided by a seismic reduction factor,  . 

The Ecuadorian Standard Construction, NEC-15, establishes     for special moment resisting 

frame structures. Small seismic forces are obtained dividing the spectrum by  , considering that 

under a very strong earthquake, the structure will dissipate energy with ductile performance. The   

factor is calculated by the following equation: 

 

                (1) 
 

Where    is the redundancy factor; more redundant structures consider a larger number of 

elements provided to resist lateral demands.    is the overstrength factor that accounts for safety 
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factors considered in the design;    is the ductility reduction factor, which is the capability of a 

structure to incur into its nonlinear range; this means that some damage in the structure is expected 

under a severe earthquake. Seismic regulations as NEC-15, ACI 318, and ASCE 7-10 admit the 

existence of damage in conventional structures without seismic response controlling devices.  

 

 Seismic standards specify that buildings should be designed with the criterion of strong 

column - weak beam, where the expected damage is developed in the beams and not in the 

columns. The damage in beams would be due to flexion which has a ductile performance. In 

addition, strong joint – weak beam criterion is also recommended by seismic standards. In the case 

of structural damage, it should be avoided in the joint that is difficult to repair; repairing is easier in 

beams. These principles are vital to ensure a safe performance of frame buildings during strong 

ground motions.  

 

 The ACI 318 - 21.6.2.2 (ACI Committee 318 2011) establishes that in order to accomplish 

the strong column - weak beam requirement, the sum of the nominal flexural moments,   , of the 

columns connected to a joint must be at least 1.2 times the summation of the nominal flexural 

moments of the beams connected to the same joint, as expressed in Eq. (2). This analysis must be 

conducted in each of the two principal framing directions and in both sway directions. Figure 3 

illustrates the fundamentals of this principle (Moehle et al. 2008). The beam strength should include 

the developed slab reinforcement within the effective flange width.      

 

          
          

    
 

 
   

    
      (2) 

 

 

 
Figure 3. Design moments for strong column - weak beam principle.  

Source: (Moehle et al., 2008) 

 

 

 Furthermore, the standards specify that the first stirrup in beams should be placed 

maximum at a distance of 50 mm measured from the face of the column where, in theory, the 

cracks will initiate. The earthquake-resisting structures have stirrups with reduced spacing on the 

ends;  larger spacing is provided in the center of the element, both for beams and columns. 
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a)         b) 

Figure 4.  Construction of the Buzios building: a) Foundation slab with beams; 

b) Beams and joints. 

 
Figure 4 a) shows the reduced spacing of the stirrups in the end regions of columns and 

beams. This figure also displays the 350 mm mat slab, and orthogonal beams 400/1700 mm. It is 

emphasized that the structure is placed on a very strong soil type “C” according to NEC-15. 

Figure 4 b) displays the reduced spacing of the transverse confinement in the joints where the 

horizontal stirrups increase the shear strength according to the strong joint - weak beam 

philosophy.  

 

 

3. PERFORMANCE OF RESPONSE CONTROLLED AND SEISMICALLY 

ISOLATED BUILDINGS 

 
The response controlled and seismic isolated buildings incorporate energy dampers and 

seismic isolators, respectively, which are the elements that will absorb most of the energy induced 
by seismic forces, minimizing the damage (Ch Standard 2745; Mc Vitty and Constantinou, 2015). 

 
 Figure 5 a) shows a structure with seismic isolators placed on pedestals over a foundation. 
Under an earthquake, the isolator will experience large displacements and the structure will move 
mainly as a rigid body; it is slightly deformed. A misconception is to think that if isolators are 
included in a structure, the dimensions of the beams and columns must be reduced, and in that way 
the cost of the isolators will be compensated. If the dimensions of beams and columns in a structure 
with isolators are reduced, the structure will be distorted and lateral displacements will differ from 
the shape indicated in Figure 5 a). The structure with isolators will cost more than the one without 
them, but it will remain practically intact during an earthquake. The initial cost of conventional 
buildings is lower but they will damage and there will be a repair cost that maybe will exceed the 
cost of the structure with isolators.     

 
After the 2010 Chile earthquake, the number of buildings with seismic isolators was 

significantly increased in that country. A 28-story RC building, the "Ñuñoa" building, incorporates 
seismic isolators (Retamales et al. 2015). Here, another erroneous thinking that suggests placing 
isolators only in low-rise buildings has also eliminated. 
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 a)                                                                b) 
Figure 5. Earthquake-unresponsive structures: a) Structure with seismic isolators; b) Structure with 

energy dampers 
    

Triple friction pendulum (TFP) isolators are being placed in a new building in the 
Universidad de las Fuerzas Armadas ESPE, Figure 6. They consist of one isolator within another 
isolator. The steel plates are concave, so during the earthquake the slider can move laterally 
returning to the initial position because of the weight of the structure. This is the reason why the 
device is called self centering. The TFP isolators induce damping to the structure due to the friction 
between the slider and the plates. 

 
 

   
a)                                                             b) 

Figure 6. Isolator TFP (triple friction pendulum); a) internal isolator on the outer isolator plate; b) 
TFP isolator that has been placed in the UFA-ESPE. Source: (Constantinou et al., 2016) 

 
 
In Figure 5 b) a structure with energy-dampers placed on inverted “V” steel diagonals is 

presented. It is not necessary to place the dampers on these diagonals. The idea is to induce 
damping to the structure and consequently reduce the lateral displacements as shown in 
Figure 5 b). (Aguiar et al. 2016.3) 
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There is a great quantity of energy dampers. Figure 7 a) depicts a Shear Link Bozzo (SLB) 
damper to be placed in two buildings of the Universidad de las Fuerzas Armadas ESPE. Figure 7 b) 
shows the SLB dampers positioned on an inverted “V” steel diagonal. 

 
 

  
 

a)                                                          b) 
Figure 7. a) Shear Link Bozzo Energy Damper, SLB; b) Damper over a inverted “V” steel 

diagonal. Source: (Aguiar et al., 2016,2) 
 

These dampers will work as fuses which prevent electrical overloads stopping the flow of 
current to the overloaded cable. With this analogy the dampers are the ones receiving the seismic 
energy. If the dampers are damaged during an earthquake, they can be replaced. The cost of the 
SLB dampers to be used in the Universidad de las Fuerzas Armadas ESPE is less than $500.00 
USD, excluding the cost of the inverted "V" steel diagonal.  

 
 

4. SPECTRA IN MANTA  
  

The 5% damped response spectra for Manta including the three ground motion 
components, East West (EW), North South (NS), and vertical (V), are presented in Figure 8. The 
elastic design spectra are developed for a soil type "C" according to the Ecuadorian Construction 
Standards NEC-15 and NEC-11. It is observed that for periods less than 0.6 seconds, the horizontal 
spectral demands are higher than those obtained using the NEC-11 and NEC-15. For longer 
periods, the ordinates are practically similar especially for the NEC-15.  

 
 

  
Figura 8. Manta response spectra obtained for soil type "C" and elastic design spectra 

recommended by NEC-11 y NEC-15 
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5. SITE FACTORS 
 

 It is known that the seismic response depends on the type of soil in which the structure is 
placed. This was observed in Manta, where the most affected neighborhood was Tarqui. The area 
is an ancient river bed with 15 to 30 meters of sedimentary material. (Moreira, 2016). 

 
The soils of Umiña 2 neighborhood, where the Buzios building is located, have higher 

resistance and are type "C" according to the NEC-15; in Tarqui, they are type "E" (Moreira 2016). If 
there are two identical structures, one located in Tarqui and the other in Umiña, they will report 
different performances; there will be amplification of seismic waves in Tarqui. This is intended to be 
illustrated in Figure 9. 

 
The behavior of the structure in soil type "C" can be considered as the one for the soils of 

Manta in the Umiña sector. In Figure 9 a) seismic waves do not amplified. In Figure 9 b) the 
behavior of a soil in the Tarqui zone can be considered. The period of vibration of poor soils is 
similar to the period of vibration of a structure and consequently, amplification of the seismic waves 
is produced generating greater damage in the structure. For this reason it is necessary that cities 
develop seismic microzonation studies (ERN 2011). 

 
In the Buzios building there was no amplification of seismic waves, the soil is very good, 

most likely the opposite effect  was produced, the soil muffled the seismic waves. 
 
 

 
a)                                                                            b) 

Figure 9. Performance of structures according to the soil type: a) Structure in soil type “C”; 
b) Structure in soil type “D”. 

 
 
 

6. STRUCTURAL CONFIGURATION OF THE BUZIOS BUILDING 
  
The plan view of the structural project is presented in Figure 10, where a reinforced 

concrete  (RC) frame wall building has been planned. The H axis corresponds to the façade of the 
Buzios building, shown in Figure 1; and the L axis corresponds to the façade facing the sea. It is 
observed that the central part of the building has a core with RC shear/structural walls where the 
stairs and elevators are placed. The absence of this core could have led to a building vulnerable to 
the action of earthquakes. A 250 mm thick RC wall is placed around the stairs, and a 200 mm thick 
RC wall is used where the elevators are located. These walls provide significant rigidity and 
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resistance to the building. The framework of the shear/structural walls, columns and foundation 
beams is observed in Figure 11. This picture corresponds to the mat slab on the casting day.  

 

 
Figure 10. Structural Plan view of Buzios Building Project 

 
 
 

 
 

Figure 11. Framework of shear/structural walls, columns, beams and  foundation mat slab.  
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7. DAMAGE REGISTERED IN THE BUZIOS BUILDING 
 
In the Buzios building, the damage occurred only on the masonry elements in all floors. This 

damage is not uniform. In the upper floors, small and big cracks appeared on the damaged walls. 
The most damaged floors are from 4

th
 to 7

th
. There was a rupture at the intersection of two walls, 

topic to be addressed in this section, but in other apartments located at these 4 levels, the damage 
is similar to that shown in Figure 12. 

 
Figure 12 a) displays a cracked wall at the exit of the elevators on floor P2; the damage 

occurs at the intersection of the wall with the reinforced concrete column in the E-W direction where 
the earthquake was stronger. It was caused by the impact of a very rigid element (column) with a 
less rigid element (infill wall). In Figure 12 b) cracks on a wall, due to the same reason already 
mentioned, is observed. Figure 12 c) shows a small vertical opening at the intersection of two 
orthogonal walls; and, Figure 12 d) depicts another crack in the union of a wall with a column. 

 
 

  
a)                                                         b) 

  
c)     d) 

Figure 12. Damage registered in the fifth floor of the Buzios building that corresponds to 

P2, as it has three basement levels. 

 

 

8. RECONSTRUCTION OF WALLS 
 
Spalled portions of unreinforced walls become safety hazards during earthquakes, 

phenomenon observed in multiple critical buildings during the April 16, 2016 earthquake. With the 
purpose of mitigating similar damage, it is recommended to replace the partitions with gypsum 
walls. Brick infill walls weigh 250 kg/m

2
 in average and gypsum walls weigh only 40 kg/m

2
, which 

helps to reduce dead loads and consequently the effect of seismic forces.  
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During 2008 and 2013 an important research regarding the seismic performance of gypsum 
walls was developed by a group of universities in the United States of America (Filiatrault, 2015). 
The construction procedure is displayed in Figure 13 a). Gypsum walls are constructed by attaching  
U-shape base tracks directly to the floor slabs. Stud elements, 0.6 mm thick, are placed vertically 
between other two U-shaped tracks. A frame is formed with the tracks and the studs that are usually 
separated 400 mm or 600mm. The connections are made by powder actuated fasteners and self 
drilling screws.   

 
Horizontal elements are also included in order to prevent longitudinal buckling and to 

provide adequate support for any object that is hung on the wall, Figure 13 b). In this figure it is also 
noticed that the electrical installations are placed between the gypsum panels. The maximum 
longitude for gypsum walls should not exceed 3,700 mm. For longitudes greater than the 
recommended, joints will be included. Additional guidelines are offered by the mentioned research 
for the places where two orthogonal walls intersect; basically, connection procedures are 
suggested. 

 
 

  
   (a)            (b) 

Figure 13. Gypsum walls: a) Tracks and studs; b) Construction detail.  
 
 
 

9. COMMENTS AND CONCLUSIONS 
 

The philosophy of earthquake resistant design has been briefly presented in this paper. 
Seismic standards accept a certain degree of damage according to the seismic energy induced to a 
building. In this case, the seismic energy is characterized by the response spectrum for 5% of 
damping. 

 
Displacement profiles of four different structural systems were presented in order to 

visualize the regions where damage would be expected in a high-rise building.  
 
During the April 16, 2016 earthquake, high-rise buildings in Manta city should have reported 

minor damage on the masonry elements and slight damage in structural elements located in the 
intermediate levels. However, extensive damage was captured causing disruption in the city.   

 
The seismic configuration of the Buzios building has been briefly described. The existence 

of a central core wall assured a good seismic structural performance. It was noticed that the 
building has a great structural detailing; proof of that is the existence of appropriate confinement in 
the joints. The analyzed building stands on a soil profile type "C" according to NEC-15. It is 
presumed that seismic wave amplifications were not present during the earthquake.  
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Damage on masonry was registered in the Buzios building, but local collapse was not 

noticed. There was damage to the corners of the infill walls where masonry units broke on the 
intermediate floors. There are four scales of damage: i) Mild; ii) Moderate; iii) Extensive; iv) 
Complete. In general, it can be indicated that the damage on masonry was between mild and 
moderate. Structural damage was not detected in the building. 

 
A technique to replace the damaged infill walls has been proposed, which consider gypsum 

walls. In this way, the building will have a better seismic performance compared to the one it had 
before the earthquake stroke. 

 
 
 

10.   RECOMMENDATIONS 
 
In general, in order to increase the seismic capacity of buildings, it is recommended to 

develop detailed structural studies. More earthquakes are expected with similar or higher 
magnitudes than the one of April 16, 2016. Neither when it will happen nor its magnitude can be 
predicted, but the seismic performance of existing and new buildings can be improved. 

 
The damage observed during the 2016 Ecuador earthquake suggests to consider 

alternative procedures for seismic design, construction and maintenance of buildings. Performance 
based seismic engineering (PBDE) criteria might be implemented in order to achieve predictable 
levels of performance in respond to specific levels of earthquakes within definable levels of 
reliability (Priestly et al. 2007).  
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