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1 Nomenclature 

{ }k
x  : State vector on k. 

[ ]A  : Discrete System Matrix. 

[ ]C  : Output Matrix. 

{ }k
w  : Process noise vector- 

{ }k
v  : Measurement noise vector. 

i  : i-th mode. 

λ
i  : Eigen value from continuous system matrix. 

µ
i  : Eigen value from discrete system matrix. 

∆t  : Sample time. 

ω
i
 : Angular frequency. 

ξ
i  : Damping Ratio. 

[ ]φ  : Modal shape. 

[ ]Ψ  : Eigen vector from discrete system matrix 

( )
j

ag t  : Recorded base acceleration. Direction j. 

,i j
L  : Modal participation ratio for base acceleration in direction j. 

,φ
i p  : Modal shape vector at position p. 

( )
i

y t  : Modal response. 

( )
p

a t  : Estimated acceleration of MIMO algorithm at position p. 

E  : MIMO goodness of fit error. 

α
p  : Weight coefficient at position p in MIMO goodness of fit error. 

 

 

2 ABSTRACT 

On February 27, 2010 one of the largest magnitude earthquake ever registered occurred in Chile. Although, several tall 

buildings suffered damage without collapse, the response of these buildings, in general, has been considered a success. 

Several studies have been carried out to understand the seismic response of these damage buildings, in order to develop 

appropriate retrofit strategies. We have selected one building located in the coastal city of Viña del Mar for instrumentation. 

This area suffered strong shaking with peak ground acceleration close to 0.35g and more than 180 seconds of motion. The 
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3 Introduction

The Mw 8.8 earthquake that hit Chile in 2010 caused damage in several buildings in the south

particular, cities such as Concepción, Viña del Mar and Santiago, which concentrate an important part of the population, 

presented damage in tall buildings.  There were few, but important cases, were the structure collapsed and many cases where 

the structure presented important structural damage. Several studies have been undertaken to increase the knowledge of 

building damage

vibration, using the Stochastic Subspace Identification (SSI), and 

– Multiple Output techn

 

4 Building 

The building is located in the city of Viña del Mar, central Chile

reinforced concrete shearwall

basement level.

Wall thickness 

height. For the basement 

typical floor are 2.9 % in the EW direction and 3.6 % in NS direction.

level, and varies between 13 

An array of 12

building occurred

direction and one orthogonal in 

configuration in accordance with 

place at the 7th 

 

is a residential shearwall 

basement and first floor

reinforcement buckling at wall 

deployed in the building to evaluate its modal properties variations

structural damage in the building and the

the modal parameters are correlated with motion amplitudes and compared with ambient vibration conditions.

duction 

The Mw 8.8 earthquake that hit Chile in 2010 caused damage in several buildings in the south

particular, cities such as Concepción, Viña del Mar and Santiago, which concentrate an important part of the population, 

esented damage in tall buildings.  There were few, but important cases, were the structure collapsed and many cases where 

the structure presented important structural damage. Several studies have been undertaken to increase the knowledge of 

building damage behavior. This study identifies the post

vibration, using the Stochastic Subspace Identification (SSI), and 

Multiple Output technique (MIMO). 

Building and Instrumentation Description

The building is located in the city of Viña del Mar, central Chile

reinforced concrete shearwall

level. The typical height between floors is of 2.60 m, 3

 varies between 20 cm and 30 cm.

height. For the basement level this

typical floor are 2.9 % in the EW direction and 3.6 % in NS direction.

level, and varies between 13 c

An array of 12 uniaxial accelerometers

urred. Three accelerometers were located 

direction and one orthogonal in 

in accordance with 

 and 16th floor, 

Fig. 1 Underground basement

shearwall building with 17 stories and one 

and first floor levels. The main damage was concrete crushing of 

reinforcement buckling at wall boundaries and severe cracking of slabs and 

deployed in the building to evaluate its modal properties variations

structural damage in the building and the preliminary

the modal parameters are correlated with motion amplitudes and compared with ambient vibration conditions.

The Mw 8.8 earthquake that hit Chile in 2010 caused damage in several buildings in the south

particular, cities such as Concepción, Viña del Mar and Santiago, which concentrate an important part of the population, 

esented damage in tall buildings.  There were few, but important cases, were the structure collapsed and many cases where 

the structure presented important structural damage. Several studies have been undertaken to increase the knowledge of 

behavior. This study identifies the post

vibration, using the Stochastic Subspace Identification (SSI), and 

ique (MIMO).  

Instrumentation Description

The building is located in the city of Viña del Mar, central Chile

reinforced concrete shearwall structure, has

The typical height between floors is of 2.60 m, 3

varies between 20 cm and 30 cm.

level this ratio is 2.0 % in the EW direction, and 2.5 % in the NS direction. Wall densities for the 

typical floor are 2.9 % in the EW direction and 3.6 % in NS direction.

cm and 20 cm.

accelerometers was deployed in four levels of the building

accelerometers were located 

direction and one orthogonal in the EW direction;

in accordance with basement distribution, shown in 

, as shown in Fig.

Underground basement

building with 17 stories and one 

The main damage was concrete crushing of 

and severe cracking of slabs and 

deployed in the building to evaluate its modal properties variations

preliminary system identification results from strong motion records. Variations of 

the modal parameters are correlated with motion amplitudes and compared with ambient vibration conditions.

The Mw 8.8 earthquake that hit Chile in 2010 caused damage in several buildings in the south

particular, cities such as Concepción, Viña del Mar and Santiago, which concentrate an important part of the population, 

esented damage in tall buildings.  There were few, but important cases, were the structure collapsed and many cases where 

the structure presented important structural damage. Several studies have been undertaken to increase the knowledge of 

behavior. This study identifies the post-

vibration, using the Stochastic Subspace Identification (SSI), and 

Instrumentation Description 

The building is located in the city of Viña del Mar, central Chile

has 17 stories above ground, co

The typical height between floors is of 2.60 m, 3

varies between 20 cm and 30 cm. The ratio of wall area in one direct

ratio is 2.0 % in the EW direction, and 2.5 % in the NS direction. Wall densities for the 

typical floor are 2.9 % in the EW direction and 3.6 % in NS direction.

m. A sample of the structure is shown 

was deployed in four levels of the building

accelerometers were located 

direction; other three sensors 

basement distribution, shown in 

Fig. 3 and Fig. 4

Underground basement 

building with 17 stories and one basement

The main damage was concrete crushing of 

and severe cracking of slabs and 

deployed in the building to evaluate its modal properties variations, recording

system identification results from strong motion records. Variations of 

the modal parameters are correlated with motion amplitudes and compared with ambient vibration conditions.

The Mw 8.8 earthquake that hit Chile in 2010 caused damage in several buildings in the south

particular, cities such as Concepción, Viña del Mar and Santiago, which concentrate an important part of the population, 

esented damage in tall buildings.  There were few, but important cases, were the structure collapsed and many cases where 

the structure presented important structural damage. Several studies have been undertaken to increase the knowledge of 

-earthquake modal properties

vibration, using the Stochastic Subspace Identification (SSI), and three of five 

The building is located in the city of Viña del Mar, central Chile, which is about

17 stories above ground, co

The typical height between floors is of 2.60 m, 3.20 m

he ratio of wall area in one direct

ratio is 2.0 % in the EW direction, and 2.5 % in the NS direction. Wall densities for the 

typical floor are 2.9 % in the EW direction and 3.6 % in NS direction. Floor slabs are

A sample of the structure is shown 

was deployed in four levels of the building

accelerometers were located horizontally on the structure 

other three sensors 

basement distribution, shown in Fig. 1

4, and as indicated in 

 

basement level. The main structural system 

The main damage was concrete crushing of 

and severe cracking of slabs and lintel beams. An array of 12 accelerometers was 

, recording five aftershocks. This 

system identification results from strong motion records. Variations of 

the modal parameters are correlated with motion amplitudes and compared with ambient vibration conditions.

The Mw 8.8 earthquake that hit Chile in 2010 caused damage in several buildings in the south

particular, cities such as Concepción, Viña del Mar and Santiago, which concentrate an important part of the population, 

esented damage in tall buildings.  There were few, but important cases, were the structure collapsed and many cases where 

the structure presented important structural damage. Several studies have been undertaken to increase the knowledge of 

earthquake modal properties

three of five seismic events

, which is about 340 

17 stories above ground, constant in shape above the second floor, and one 

m in the first level and 3

he ratio of wall area in one direction to plan area (wall density) varies with 

ratio is 2.0 % in the EW direction, and 2.5 % in the NS direction. Wall densities for the 

Floor slabs are 

A sample of the structure is shown in Fig. 

was deployed in four levels of the building after the main shock and damage in the 

on the structure 

other three sensors were located 

Fig. 1 and Fig. 2. 

as indicated in Table 1

Fig. 2 Underground ceiling

level. The main structural system 

The main damage was concrete crushing of walls, 

beams. An array of 12 accelerometers was 

aftershocks. This 

system identification results from strong motion records. Variations of 

the modal parameters are correlated with motion amplitudes and compared with ambient vibration conditions.

The Mw 8.8 earthquake that hit Chile in 2010 caused damage in several buildings in the south-central area of the country. In 

particular, cities such as Concepción, Viña del Mar and Santiago, which concentrate an important part of the population, 

esented damage in tall buildings.  There were few, but important cases, were the structure collapsed and many cases where 

the structure presented important structural damage. Several studies have been undertaken to increase the knowledge of 

earthquake modal properties of a damaged building from ambient 

seismic events recorded
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ion to plan area (wall density) varies with 
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 13 cm thick in all stories above ground 

Fig. 1 to Fig. 4 

after the main shock and damage in the 

on the structure basement, two parallels in 

were located at the basement 

. The six reminder accelerometers were 

1. 

Underground ceiling

level. The main structural system was

 along with longitudinal 

beams. An array of 12 accelerometers was 

aftershocks. This publication presents the 

system identification results from strong motion records. Variations of 

the modal parameters are correlated with motion amplitudes and compared with ambient vibration conditions. 

central area of the country. In 
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The 2010 Chilean Earthquake and 

he building was not instrumented before the Mw

recorded the main event was 1 k

motion with nearly 30 seconds of strong shaking

direction it was of 0.333g and for the

maximum values are between 1 and 2 Hz. 

frequency of the structure, contributing

Fig. 5 Acceleration time series for Mw = 8.8 Chilean Earthquake 

Fig. 3 7th floor

Table 

Signal Channel

Accelerometer
1 

2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 

The 2010 Chilean Earthquake and 

t instrumented before the Mw

as 1 km away from building location

with nearly 30 seconds of strong shaking

and for the vertical record 0.186g.

maximum values are between 1 and 2 Hz. 

contributing to its damage.

Acceleration time series for Mw = 8.8 Chilean Earthquake 

7th floor 

Table 1 Accelerometer location in structure

Signal Channel Measurement

Accelerometer 

 
 
 

The 2010 Chilean Earthquake and Damage Buil

t instrumented before the Mw=8.8 

from building location

with nearly 30 seconds of strong shaking

vertical record 0.186g.

maximum values are between 1 and 2 Hz. It is estimated that this strong demands 

to its damage. 

Acceleration time series for Mw = 8.8 Chilean Earthquake 

 

Accelerometer location in structure

Measurement 
Direction 

N-S 

E-W 
N-S 
N-S 
E-W 
N-S 
N-S 

E-W 
N-S 
N-S 
E-W 
N-S 

Damage Building Status 

 2010 Chilean Earthquake. 

from building location. The 

with nearly 30 seconds of strong shaking. The peak acceleration for NS direction was 0.219g, for 

vertical record 0.186g. The pseudo

It is estimated that this strong demands 

Acceleration time series for Mw = 8.8 Chilean Earthquake 

Fig. 4 16th floor

Accelerometer location in structure 

Level

Underground 

Underground 
Underground 

1st Floor
1st Floor
1st Floor
7th Floor

7th Floor
7th Floor

16th Floor
16th Floor
16th Floor

 

2010 Chilean Earthquake. The n

The earthquake record is shown in

peak acceleration for NS direction was 0.219g, for 

The pseudo acceleration

It is estimated that this strong demands 

Acceleration time series for Mw = 8.8 Chilean Earthquake – Viña del Mar station

 

16th floor 

Level 

Underground 

Underground 
Underground 

Floor 
Floor 
Floor 

7th Floor 

7th Floor 
7th Floor 

16th Floor 
16th Floor 
16th Floor 

The nearest strong motion 

earthquake record is shown in

peak acceleration for NS direction was 0.219g, for 

acceleration spectrum 

It is estimated that this strong demands severely affect 

 

Viña del Mar station

 

strong motion station 

earthquake record is shown in Fig. 5. It shows 

peak acceleration for NS direction was 0.219g, for 

spectrum is shown in Fig

severely affect to the first two

Viña del Mar station 

station that 

It shows 120 

peak acceleration for NS direction was 0.219g, for the EW 

Fig. 6; the 

two natural 
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Basement and first floor walls 

diagonal cracking

longitudinal reinforc

Most of the lintel beams and slabs above ground floor of the building suffered serio

non-structural elements that present some damage

 

 

Fig. 7 Basement

 

Fig. 6 Pseudo

and first floor walls 

cracking associated to shear. The most important damage was concrete crushing, 

longitudinal reinforcing bars, 

Most of the lintel beams and slabs above ground floor of the building suffered serio

structural elements that present some damage

Basement wall crushed at beam connection level

Pseudo-Spectral acceleration for 2010 Chilean Earthquake 

and first floor walls suffered crushing 

associated to shear. The most important damage was concrete crushing, 

bars, as shown in Fig

Most of the lintel beams and slabs above ground floor of the building suffered serio

structural elements that present some damage

wall crushed at beam connection level

 

Spectral acceleration for 2010 Chilean Earthquake 

suffered crushing of concrete due to a combination of 

associated to shear. The most important damage was concrete crushing, 

Fig. 7 to Fig. 8

Most of the lintel beams and slabs above ground floor of the building suffered serio

structural elements that present some damage, like partition walls.

wall crushed at beam connection level

Spectral acceleration for 2010 Chilean Earthquake 

of concrete due to a combination of 

associated to shear. The most important damage was concrete crushing, 

8. In some cases, buckled bars were also characterized by fracture.

Most of the lintel beams and slabs above ground floor of the building suffered serio

, like partition walls. 

 
wall crushed at beam connection level 

Spectral acceleration for 2010 Chilean Earthquake – Viña del Mar station

of concrete due to a combination of 

associated to shear. The most important damage was concrete crushing, 

In some cases, buckled bars were also characterized by fracture.

Most of the lintel beams and slabs above ground floor of the building suffered serious damage 

Fig. 8 Basement

 

Viña del Mar station

of concrete due to a combination of flexure and compression, as well as, 

associated to shear. The most important damage was concrete crushing, along with buckling 

In some cases, buckled bars were also characterized by fracture.

us damage Fig. 9.b

Basement wall damaged

Viña del Mar station 

flexure and compression, as well as, 

along with buckling 

In some cases, buckled bars were also characterized by fracture.

Fig. 9.b.  There were some 

wall damaged 

flexure and compression, as well as, 

along with buckling of the 

In some cases, buckled bars were also characterized by fracture. 

.  There were some 
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space 

value decomposition (SVD), and least squares 
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6 Ambient Vibrations and Seismic Events Records

There were no seis

determine the dynamic properties 

during the monitoring period. 

Thirteen ambient vibration records 

were recorded in a period of five month

Event 

1 
2 
3 
4 
5 

 

For ambient vibration 

De Moor [6, 7, 

ambient vibration modal parameter

seismic events is

7 System Identification Techniques

The SSI technique

equations system (1). 

Eq. (1) constitutes the basis for time

techniques and algorithms to obtain modal parameters from stochastic subspace model 

background for many of such methods is similar, differing only in

space matrices (

value decomposition (SVD), and least squares 

 

Fig. 9 (a) Buckling in longitudinal reinforcement bars first 

Ambient Vibrations and Seismic Events Records

o seismic motions or ambient vibration records

the dynamic properties 

during the monitoring period. 

ambient vibration records 

in a period of five month

Name 

regsis0119 
regsis0126 

regsis0328 
regsis0331 
regsis0505 

mbient vibration records modal parameters were 

7, and 8]. Modal parameters from seismic records were identified using a MIMO technique, 

ambient vibration modal parameter

seismic events is determined for the strong motion vibration

System Identification Techniques

technique developed by Van Overschee and De Moor 

ions system (1). This technique 

onstitutes the basis for time

techniques and algorithms to obtain modal parameters from stochastic subspace model 

background for many of such methods is similar, differing only in

matrices ( [ ] [ ],A C ) based

value decomposition (SVD), and least squares 

(a) 

Buckling in longitudinal reinforcement bars first 

Ambient Vibrations and Seismic Events Records

mic motions or ambient vibration records

the dynamic properties for the structure in its undamaged conditions. No further damage occurred 

during the monitoring period.  

ambient vibration records were obtained during 

in a period of five months. Detail

Date 

19-01-2011
26-01-2011
28-03-2011
31-03-2011
05-05-2011

records modal parameters were 

Modal parameters from seismic records were identified using a MIMO technique, 

ambient vibration modal parameters are used as reference low level amplitude results.

for the strong motion vibration

System Identification Techniques

developed by Van Overschee and De Moor 

This technique identifies modal properties from output only response

onstitutes the basis for time-domain modal id

techniques and algorithms to obtain modal parameters from stochastic subspace model 

background for many of such methods is similar, differing only in

based on the measurements by robust numerical techniques, such as QR factorization, singular 

value decomposition (SVD), and least squares 

 

Buckling in longitudinal reinforcement bars first 

Ambient Vibrations and Seismic Events Records

mic motions or ambient vibration records

the structure in its undamaged conditions. No further damage occurred 

were obtained during 

Details of data recorded are given in

Table 2

Local Hour

2011 2:20:00
2011 17:13:44
2011 3:10:41
2011 20:39:18
2011 10:35:34

records modal parameters were obtained 

Modal parameters from seismic records were identified using a MIMO technique, 

are used as reference low level amplitude results.

for the strong motion vibration

System Identification Techniques 

developed by Van Overschee and De Moor 

identifies modal properties from output only response

{ }

{ } [
1k k k

k k k

x A x w

y C x v

− = ⋅ +

= ⋅ +

domain modal identification through ambient vibration measurements. There are several 

techniques and algorithms to obtain modal parameters from stochastic subspace model 

background for many of such methods is similar, differing only in

on the measurements by robust numerical techniques, such as QR factorization, singular 

value decomposition (SVD), and least squares [8]. 

 

Buckling in longitudinal reinforcement bars first floor 

Ambient Vibrations and Seismic Events Records 

mic motions or ambient vibration records before the main shock so there is no experimental data to 

the structure in its undamaged conditions. No further damage occurred 

were obtained during a three hour period

s of data recorded are given in

2 Seismic Events

Local Hour 
Latitude

2:20:00 -33.96
17:13:44 -31.737
3:10:41 -34.889

20:39:18 -34.292
10:35:34 -22.993

obtained using N4SI

Modal parameters from seismic records were identified using a MIMO technique, 

are used as reference low level amplitude results.

for the strong motion vibration.  

developed by Van Overschee and De Moor [6, 7, and 8

identifies modal properties from output only response

[ ] { } {

[ ] { } { }
k k k

k k k

x A x w

y C x v

= ⋅ +

= ⋅ +

entification through ambient vibration measurements. There are several 

techniques and algorithms to obtain modal parameters from stochastic subspace model 

background for many of such methods is similar, differing only in implementation aspects. The algorithms identify the state

on the measurements by robust numerical techniques, such as QR factorization, singular 

(b) 

floor columns Fig.

before the main shock so there is no experimental data to 

the structure in its undamaged conditions. No further damage occurred 

a three hour period. In addition, 

s of data recorded are given in Table 2

Seismic Events 

Epicenter 
Latitude Longitude

33.96 -72.453
31.737 -71.857
34.889 -71.837
34.292 -72.199
22.993 -70.189

N4SID SSI method

Modal parameters from seismic records were identified using a MIMO technique, 

are used as reference low level amplitude results.

and 8] uses the stochastic space model, described by the 

identifies modal properties from output only response

}

}
k k k

k k k

x A x w

y C x v
                                                                             

entification through ambient vibration measurements. There are several 

techniques and algorithms to obtain modal parameters from stochastic subspace model 

implementation aspects. The algorithms identify the state

on the measurements by robust numerical techniques, such as QR factorization, singular 

Fig. 9 (b) Lintel beam cracked

before the main shock so there is no experimental data to 

the structure in its undamaged conditions. No further damage occurred 

. In addition, five low intensity seismic events 

2.  

Depth

Longitude [km]

72.453 12.9
71.857 37.2
71.837 
72.199 48.1
70.189 46.5

D SSI method developed by 

Modal parameters from seismic records were identified using a MIMO technique, 

are used as reference low level amplitude results. Variation of modal properties due to 

uses the stochastic space model, described by the 

identifies modal properties from output only response signals. 

                                                                             

entification through ambient vibration measurements. There are several 

techniques and algorithms to obtain modal parameters from stochastic subspace model [6], equation (2). 

implementation aspects. The algorithms identify the state

on the measurements by robust numerical techniques, such as QR factorization, singular 

 

Lintel beam cracked

before the main shock so there is no experimental data to 

the structure in its undamaged conditions. No further damage occurred in the building 

low intensity seismic events 

Depth Magnitude
[km] 
12.9 
37.2 

45 
48.1 
46.5 

developed by Van Overschee and 

Modal parameters from seismic records were identified using a MIMO technique, [2, and 3

of modal properties due to 

uses the stochastic space model, described by the 

                                                                             

entification through ambient vibration measurements. There are several 

, equation (2). The mathematical 

implementation aspects. The algorithms identify the state

on the measurements by robust numerical techniques, such as QR factorization, singular 

Lintel beam cracked  

before the main shock so there is no experimental data to 

in the building 

low intensity seismic events 

Magnitude 

5.4 
4.8 

5.7 
3.8 
3.2 

Van Overschee and 

and 3]. The 

of modal properties due to 

uses the stochastic space model, described by the 

                                                                             (1) 

entification through ambient vibration measurements. There are several 

The mathematical 

implementation aspects. The algorithms identify the state-

on the measurements by robust numerical techniques, such as QR factorization, singular 



Once the mathematical description of the structure is found, modal parameters such as frequency, i
ω

 
damping ratio i

ξ and 

operational mode shapes, [ ]φ are determined as: 

( ) ( )
[ ] [ ] [ ]*

ln
                              

i i

i i i i i

i

real
i C

t

µ λ
λ ω λ λ λ ξ φ

λ
= = = − = = ⋅ Ψ

∆
                                   (2) 

The MIMO system identification technique [1, 4], is based mainly on the dynamic modal equilibrium equation (3) and (4). 

This is an algorithm that searches for the optimal combination of parameters that best fits the measured response of the 

structure. There are other  non-recursive techniques to identify modal parameters; nevertheless in this study this procedure 

was used because of the possibilities to control the identification procedure through bounding parameters and error levels. 

( ) ( ) ( ) ( )2

,

1

2
N

j j j j j j j i i

i

y t y t y t L ag tω β ω
=

+ ⋅ ⋅ ⋅ + ⋅ = ⋅∑�� �                                                         (3) 

( ) ( ),

1

N

p j p j

j

a t y tφ
=

= ⋅∑ ��                                                                                 (4) 

( ) ( )( )

( )( )

2

0,

2

0,

p p p

p t

p p

p t

a t a t

E
a t

α

α

⋅ −

=
⋅

∑ ∑

∑ ∑
                                                                       (5) 

The target function of the optimization problem, E, indicated in the equation (5), is a weighted least-square error between 

( )0, p
a t and ( )p

a t , where coefficients p
α controls the importance of each channel of the response record in the modal 

identification process. 

The iterative algorithm starts the identification process using only the modes with the highest response participation. In each 

iteration, a new group of modes is added to the process. At the end, only the modes with most contribution to reduce the 

MIMO goodness of fit error, E, are kept. 

8 Identified Modal Parameters  

The modal parameters of the building due to ambient vibration for eleven consecutive 15 minute non overlapping windows (3 

hours) are shown in Table 3. Frequencies remain relatively constant during the recorded time period. Important damping ratio 

variability is observed despite the fact that records were taken in three continuous hours. Variations are considered consistent 

with method used and nonlinearity of the damage structure. A typical stability diagram is shown in Fig. 10. All diagrams give 

very noisy results especially for first frequencies due to resolution problems trying to monitor ambient and seismic vibrations, 

Final results are obtained from average of values from all analyzed windows. Modal shapes obtained using MACEC v.3.0 

[5], for each modal frequency is shown in  to Fig. 16. Important coupling of translational and rotational components are 

observed. 

Table 3 Frequencies and Damping Ratios identified by SSI method  

Frequency [Hz] 
Minimum 

Frequency                  

[Hz] 

Maximum 

Frequency                                  

[Hz] 

    ξξξξ [%] 
Minimum           

ξξξξ [%] 

Maximum             
ξξξξ [%] 

0.80 0.80 0.83 1.5 0.60 3.20 
0.82 0.81 0.83 1.2 0.90 1.90 
1.04 1.04 1.06 1.9 1.20 3.30 

3.11 3.10 3.13 1.0 0.90 1.90 
3.67 3.64 3.71 2.3 1.50 3.90 
4.19 4.07 4.23 2.3 1.40 2.50 



 

 

Fig. 10 Stabilization Diagram 

 

Fig. 11 First operational shape 

 

Fig. 12 Second operational shape 
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Dynamic Parameters.
SSI Method.

   f [Hz]     ξ [%]    N

     0.80     1.4     11
     0.83     1.0     11
     1.05     1.4     14
     1.33     3.5      5
     3.11     0.9     14
     3.68     2.2     26
     4.19     1.9     19
     6.24     2.3      9
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Fig. 13 Third operational shape 

 

Fig. 14 Fourth operational shape 

 

Fig. 15 Fifth operational shape 

 

Fig. 16 Sixth operational shape 

The modal shapes reflect a coupling between translational and torsional modal shapes in at least the first two natural 

frequencies. There is a nearly pure torsional modal shape, corresponding to 4th mode, at 3.11 Hz.  

MIMO identification was applied to the strong part of the shaking of each record set. Strong shaking was determined using 

the Husid Intensity plot for 90 % of total energy.  

Adjustment of equivalent linear models gives different global errors for each seismic record processed. The best fit of 

equivalent viscoelastic modal parameters was given by regsis0126 analysis. In this case, each channel was fitted with an 

error less than 35%, as it can be observed in .  

MIMO identified properties are later compared with ambient vibration values using equation (6). This comparison is 

presented in Table 4 to Table 8.  

100%
−

⋅MIMO SSI

SSI

X X

X
                                                                                (6) 
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Fig. 17 MIMO fit for regsis0126. Fitting of curves observed for each channel of measurement 

  Table 4 Modal Parameters - regsis0119. SSI method vs. MIMO algorithm identification 

regsis0119 

Global Error = 40.2 % 

AI = 1.7E-4 m/s 

ξSSI 

% 

ξMIMO 

% 
Relative Difference % 

SSI
f  

Hz 

MIMO
f  

Hz 
Relative Difference % 

1.5 6.1 309% 0.8 0.68 -14% 

1.2 1.6 34% 0.82 0.72 -12% 

1.9 4.3 128% 1.05 0.90 -14% 

1 3.3 231% 3.11 2.76 -11% 

2.3 2.9 26% 3.68 3.40 -8% 
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Table 5 Modal Parameters - regsis0126. SSI method vs. MIMO algorithm identification 

REGSIS0126 - Global Error = 31.0 % 

AI = 4.1E-6 m/s 

ξSSI 

% 

ξMIMO 

% 
Relative Difference % 

SSI
f  

Hz 

MIMO
f  

Hz 
Relative Difference % 

1.5 2.1 37% 0.8 0.8 -4% 

1.2 2.7 126% 0.82 0.7 -19% 

1.9 2.4 27% 1.05 1.0 -6% 

1 2.0 97% 3.11 3.0 -5% 

2.3 1.6 -30% 3.68 3.6 -2% 

 

Table 6 Modal Parameters - regsis0328. SSI method vs. MIMO algorithm identification 

REGSIS0328 - Global Error = 32.0 % 

AI = 5.0E-5 m/s 

ξSSI 

% 

ξMIMO 

% 
Relative Difference % 

SSI
f  

Hz 

MIMO
f  

Hz 
Relative Difference % 

1,5 5,0 235% 0,8 0,70 -12% 

1,2 2,7 126% 0,82 0,70 -15% 

1,9 4,0 108% 1,05 0,90 -14% 

1 2,6 164% 3,11 2,79 -10% 

2,3 2,1 -8% 3,68 3,44 -6% 

 

Table 7 Modal Parameters - regsis0331. SSI method vs. MIMO algorithm identification 

REGSIS0331 - Global Error = 40.6 % 

AI = 1.8E-6 m/s 

ξSSI 

% 

ξMIMO 

% 
Relative Difference % 

SSI
f  

Hz 

MIMO
f  

Hz 
Relative Difference % 

1,5 5,0 235% 0,8 0,70 -12% 

1,2 2,7 126% 0,82 0,70 -15% 

1,9 4,0 108% 1,05 0,90 -14% 

1 2,6 164% 3,11 2,79 -10% 

2,3 2,1 -8% 3,68 3,44 -6% 

 

Table 8 Modal Parameters - regsis0505. SSI method vs. MIMO algorithm identification 

REGSIS0505 - Global Error = 37.8 % 

AI= 4.1E-6 m/s 

ξSSI 

% 

ξMIMO 

% 
Relative Difference % 

SSI
f  

Hz 

MIMO
f  

Hz 
Relative Difference % 

1.5 0.7 -56% 0.8 0.58 -27% 

1.2 2.2 79% 0.82 0.73 -10% 

1.9 3.5 84% 1.05 0.93 -11% 

1 2.1 111% 3.11 2.91 -6% 

2.3 1.6 -31% 3.68 3.50 -5% 

 

 



9 Conclusion 

In this study, a 17 story reinforced concrete shearwall building was analyzed to determine the variation of modal properties 

from ambient and seismic vibrations. Six frequencies and damping ratios were identified from ambient vibrations using the 

SSI method. Modal frequencies remain relatively constant during ambient vibration measurement period. Modal damping 

ratios show a high variance that raises more than 60% in many cases. Mode shapes show coupling between translational and 

torsional modal shapes in first two natural frequencies. 

For each seismic event identified modal properties gives lower frequencies than those determine from ambient vibrations, as 

expected considering that the structural stiffness decrease with increasing motions. Modal damping ratios show high 

variances when compared to the SSI results.  Further analysis of the data is underway. The retrofitted building will be 

monitored and compared with parameters identified in its damage stage. 
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Figure Captions 

 

Fig. 1 Underground basement 

Fig. 2 Underground ceiling 

Fig. 3 7th floor 

Fig. 4 16th floor  

Fig. 5 Acceleration time series for Mw = 8.8 Chilean Earthquake – Viña del Mar station 

Fig. 6 Pseudo-Spectral acceleration for 2010 Chilean Earthquake – Viña del Mar station 

Fig. 7 Basement wall crushed at beam connection level 

Fig. 8 Basement wall damaged 

Fig. 9 (a) Buckling in longitudinal reinforcement bars first floor columns 

Fig. 9 (b) Lintel beam cracked 

Fig. 10 Stabilization Diagram 

Fig. 11 First operational shape 

Fig. 12 Second operational shape 

Fig. 13 Third operational shape 

Fig. 14 Fourth operational shape 

Fig. 15 Fifth operational shape 

Fig. 16 Sixth operational shape 

Fig. 17 MIMO fit for regsis0126. Fitting of curves observed for each channel of measurement 

 

 

 

 

 


