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ABSTRACT:

This article describes a new
structural identification tool to define the
structure of the modal characteristics have
been proposed. N4SID abbreviation means
“Numerical algorithms for Subspace State
Space System Identification”. In the SI
(System Identification) of structure
dynamics area area, N4SID has been used
very frequently recently. The aim of N4SID
is the determining of a mathematical model
of a real or model structure.Thus, a model is
formed about the reactions of the structures
to different inputs. The model structure is
created as an input and placed on the
shaking table for output. After the
acceleration responses are collected from
the existing sensors, the data obtained
through the Matlab SI (System
Identification) toolbox are processed.
Finally, Matrices A, B, C, D, K are obtained.
For this purpose, analytical and laboratory
studies to illustrate the effectiveness of
N4SID evaluated. Concrete chimney sample
was used as a model. Results demonstrated
that fit to estimation data was 99,72 % and
it can be concluded that N4SID system
identification method is very efficient and

accurate in identifying mathematical model
of Model Concrete Chimney.

KEYWORDS: N4SID, SSI, Modal Data
Identification, Mathematical Model, Model
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INTRODUCTION:

Many of the structures in areas with
earthquake hazard suffer from various types of
destruction caused by seismic loads. In such an
earthquake, parts (especially columns) of
building structures are damaged. On the other
hand, especially given the performance of such
buildings under seismic formation, there is a
great need to strengthen the pillars even
without changing the building masses; this
clearly shows that it is necessary to investigate
the link between repair or
strengthening procedures and column capacity.
In this understanding, more research is carried
out by looking at different perspectives and
directions to obtain the required performance
of the structures under seismic loading. [2],
[23], [24], [16]. Chimneys are one of the main
parts of an industrial plant. If a malfunction
occurs in the chimney, this creates a significant
economic loss. Generally, concrete chimneys
are among the longest, most sophisticated
man-made structures in the world and they are

technical
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often exposed to some of nature's strongest
forces. Impact occurring in structures effecting
under dynamic loads and vibrations causes
many damages in structures that are caused by
vibration that do not require intervention. In
this case, the vibration must be known and can
occur in nature and will focus on the effects of
these vibrations. Local geological soil
conditions change the properties of the surface
seismic response.

In recent years, the definition of systems
and health monitoring of buildings has gone
from being just an academic research area to
an accepted condition assessment method.
While performance-based concepts have a
good analytical and experimental basis, the
actual behavior of structures may differ from
what was predicted due to many uncertainties.
The processes used in various engineering
fields for an unknown system based on a series
of input outputs are examined within the scope
of system identification [5]. System
identification (SI) is the creation of a
mathematical model of a system model based
on inputs and outputs. System identification
method is used in many engineering fields
today. Many academic studies are carried out
on the system definition method with each
passing day in order to obtain more reliable
and clearer results. System identification
method in civil engineering is used for building
systems. By creating a mathematical model of
the building, possible earthquake inputs are
given and the behavior of the building is
determined. Based on these findings, the
building system is strengthened. In addition,
with the system identification, the current state
of the building system and the characteristic
features of the building system can be
determined. This method is successful in the
creation of the mathematical model of systems
excited under ambient vibration, and in the
light of the studies proving this. It is known
that the accuracy of the mathematical model

has a direct role in predicting the responses of
a building system exposed to various inputs
(Earthquake etc.). Therefore, it was decided to
use the Subspace system identification method
in this study.

Subspace system identification is
introduced as a powerful black-box system
identification tool for structures. Particular
emphasis has been put on the implementation
of methods of supporting excited structures. On
the use of system definition and finite element
model (FEM) update techniques, Tuhta et al
[3], [7], [17], [18], [31] was used to define the
modal properties of some studies for ambient
vibrations in  their  studies.  Several
experimental studies have been conducted on
concrete chimneys for the measurement of
natural frequencies and damping rates to be
used in response estimates.

Brownjohn et al. (2010) examined the
system identification and the finite element
model (FEM) update of the reinforced concrete
chimney.

In subspace systems
character state space models are defined, the
modal properties of the structures (ie, modal
damping, frequency and mode shapes) can be
estimated. [8]. In classical approaches (right), a
high grade model is defined and then a model
reduction technique is applied to obtain a low
grade model. [10]. In this article, many free
structural system problems that do not contain
a limited number of elements are investigated.
As is known for similar types of systems,
system matrices [m], [c], [k] can only be
created by FEM, and for a finite dimensional
linear-dynamic system, the motion equation is
a series of n2 second-order differential
equations arranged as. [1]. (Equation 1a)
[m]{i®©} + [cl{u(®} + [k{u(®)} = [d]{fg (O3
(Eq. 1a)

Here, the direct stiffness method is used
for application in the finite element method
and the building system mass, damping and

where the
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stiffness matrices ([m]; [c]; [k] are used as
appropriate.

For example, The FEM implementing
system stiffness matrix [k] is shown as follows
by the direct stiffness method

[k.]—> [k.] = [C [k ]ICIT=> [k ]

= [Tr]T [kr] [Tr] —> [k]

r.

= Z[Er+]—> a.b.c.—

r=1

> [K] (Eq. 1b)

where, [kr] is the element stiffness matrix in
local coordinate system (c.s.) for r-th finite
element, [Er] is the element stiffness matrix in
global coordinate system for r-th finite
element,

[Cr] is the coordinate transformation matrix
from local to global c.s. for r-th finite element,
[t.] is the topology matrix for r-th finite
element, a.b.c. is abbreviation "mean after
application of boundary conditions”, r, is a
number of identical finite elements examined
system,

[K] is the stiffness matrix of the in examined
system in global c.s. The main relationships of
the FEM are based on the Lagrange principle of
variation.

The equation of motion (1) are transformed to
the state-space former of first order equations-
i.e.,, a continuous-time state-space model of the
system is evaluated as

{z(©} = [AJ{z(D} +

[BJ{fe (O}

(Eq. 2a)

[Ac] =

[ [0] [1] ]
—[m]7'[k] —[m]™*[c]
(Eq. 2b) [Bc] =
2t

[m]~*[d]

(Eq. 2¢)

o -[18

(Eq. 2d)

As the response of the dynamic system is
measured by the m; output quantities in the
output vector {y(t)} using sensors (such as
accelerometers, velocity, displacements, etc.,),
for system model represented by the equations
(2), appropriate measurement-output equation
become as

{y(©} = [C.l{u} + [C]{u} + [Cql{u} =
[Clz(D)} + [D]{fp (©)}

[C] = [[Cq] — [Cal[m]~*[k], [C\]—
[Callm]™*[c] ]

(Eq.3b)

[D] = [C.][m]~*[d]

(Eq. 3¢)

As {u} is the displacement vector; [Ac], is an n1

(Eq.3a)

(n1 = 2n2; nz is the number of independed
coordinates) by np state matrix ; [d] is an nz by
r1 input infuence matrix, characterizing the
locations and type of known inputs
{fa(t)}; [Ca]; [Cv]; [Cd] are output influence
matrices for acceleration, velocity,
displacement for using sensors (such as
accelerometers, tachometers, strain gages,
etc.,) respectively; [C] is an m; xn; output
influence matrix for the state vector {z} and
displacement only; [D] is an m; xr; direct
transmission matrix; r1 is the number of inputs;
m; is the number of outputs.

In the output - only modal analysis
environment, the main assumption is that input
force {F (t)} = [d] {fg(t)} comes from white
noise or time impulse excitation. Under this
hypothesis discrete-time stochastic state
{space model may be written as:

{zi11} = [Al{zi} + [Bl{fgr} + {wi

(Eq. 4)

"} = [Cl{zi} + [DI{fgi} + {vic}

(Eq.5)

where {z} = {z(kAt)} is the discrete-time
state vector; is the process noise due to
disturbance and modeling imperfections; {v}
is the measurement noise due to sensors'
inaccuracies; {wy}, {vi} vectors are non-
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measurable, but assumed that they are white
noise with zero mean.

If this white noise assumption is
violated, that is, if the input contains some
dominant frequency components in addition to
white noise, these frequency components
cannot be separated from the eigenvalues of
the system and appear as eigenvalues of the
system matrix [A]. In real structures emitted
from ambient vibration, the input {fg ()}, {fox}
remain unmeasured and therefore, disappear
from equations in order of (2) - (5). To take
into account this fact later, the input is
implicitly modeled implicitly with noise
terms{w, H{vy}, that do not contain an input
that can be measured from ambient vibration,
and the said relationship is as follows:

{zx41} = [Al{zi} + {w)
(Eq. 6)

i = [CHzd + {wie)
(Eq.7)

DESCRIPTION OF
CHIMNEY:

In this paper, Model concrete chimney is
0.48 m in height. Thickness of elements is 0.01
m. Model concrete chimney has a flat cylinder
shape. The diameter of the chimney is 0.12 m.
Model concrete chimney is produced from C25
(TS500) ready-mixed concrete. Figure 1 shows
the condition of the model concrete chimney on
the shaking table. Figure 2 shows the
dimensions of the model concrete chimney.

MODEL CONCRETE

Figure 1: Model Concrete Chimney on Shake
Table

0.48 m

Figure 2: Dimensions of Model Concrete

0.12 m

Chimney

NUMERICAL ALGORITHMS FOR SYSTEM
IDENTIFICATION DATA AND RESULT:

N4SID methods aim to approach the
state order of the system and wuse this
approximate state in a second step to estimate
system matrices. It is a method that predicts
the state sequence up to N4SID type similarity
conversion. The definition of the subspace
method is followed by a discussion on the
development of subspace identification
techniques for nonlinear systems.

The N4SID subspace definition method
is based on the fact that it is possible to get the
state sequence up to the similarity
transformation by saving the input and output
data in structured matrices. Data arrays are
stored in data matrices with block Hankel
structure. The System Identification Toolbox ™
offers MATLAB® operations, Simulink® blocks
and applications to create mathematical
models of dynamic systems from measured
input-output data. It allows you to create and
use dynamic system models that are not easily
modelled from the first principles or
specifications. You can use time-domain and
frequency-domain input-output data to define
time - definition and frequency - definition
transfer functions, process models, and state-
space models. The toolbox also provides
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algorithms for embedded online parameter
estimation [9].

sys = n4sid(data,nx) estimates a discrete-time
state-space model sys of order nx using data,
which can be time-domain or frequency-
domain data. sys is a model of the following
form:

A, B, C, D, and K are state-space

matrices. u(t) is the input, y(t) is the output,
e(t) is the disturbance, and x(t) is the vector of
nx states.
All entries of A, B, C, and K are free estimable
parameters by default. For dynamic systems, D
is fixed to zero by default, meaning that the
system has no feedthrough. For static systems
(nx = 0), D is an estimable parameter by
default.[9].

The data obtained from the sensors
were processed with the System identification
toolbox of MATLAB software. The data
obtained by MATLAB software are presented
as images one by one. The pictures obtained
with the description of the model concrete
chimney subspace system are given in figure 3 -
10.

They were examined respectively;
e Inputand Output Signals
e Model Output - Fit to estimation data
e Power Spectrum Graphics
e A, B,C, DandK matrices
e Autocorrelation of Residuals for Output
e Frequency Function
e Poles and Zeros
e Noise Spectrum

e Periodogram Graphics

input signals

output signals

Figure 3: Input and Output Signals

Measured and simulated model output 99.72%

Figure 4: Model Output - Fit to Estimation
99,72%

The model output ratio is approximately
between 0.0004 and -0.0004 is shown in Figure
4.

Power Spectum

Figure 5: Power Spectrum Graphics

A, B, C, D and K Matrices of Model Concrete
Chimney;

Discrete-time identified state-space model:
x(t+Ts) = Ax(t) + Bu(t) + Ke(t)

y(t) = Cx(t) + D u(t) + e(t)
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Figure 8: Poles and Zeros Graphics

Power Spectrum
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Figure 9: Noise Spectrum Graphics

Periodogram

Figure 6: Autocorrelation of Residuals for
Output Graphics

02
W' 10'

Frequency (rads)

Figure 7: Frequency Function Graphics

102 10 10" 10' 10?
Frequency (rad's)

Figure 10: Periodogram Graphics

CONCLUSIONS:

In this article, the theoretical principles
of the definition of the subspace system applied
to the problem of predicting black box state
space models of excited structures (eg
structures exposed to earthquakes) are
reviewed.
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This study differs from past studies by
providing readers with a strong geometric
interpretation of subspace operations that are
directly related to theoretical structural
dynamics. To validate the performance of
subspace system identification, a series of
experiments were conducted on Model
Concrete Chimney exposed to moderate
seismic ground motions; structural response
data is used off-line to estimate mathematical
models.
response measurements have been used to

Ground motion and structural
derive a complete input-output state-space
model of the Model Concrete Chimney by the
sub-model system identification method. The
modal parameters of the structure are
extracted from the estimated input-output
state-space model. By using only structural
response data, only the output state-space
models of the system can be estimated by the
subspace system definition.Finally, System
identification of Model Concrete Chimney was
successfully realized and system matrices were
put forward. Thus, mathematical model was
created at % 99.72. Also;
e A B, C, D and K matrices of the system
were obtained.
¢ Inputand output signals were obtained.
e Transient Response another meaning
step response values were obtained.
e Frequency Function was obtained and
values were calculated.
e Poles and Zeros were obtained.
e Noise Spectrum was obtained.
e Model
conducted.
It can be concluded that the N4SID system
identification method is effective and accurate

Residual Analysiswere

in determining the modal data of a Model
Concrete Chimney test.

REFERENCES:
1) A. A. Kasimzade and S. Tuhta, Stochastic
parametric system identification approach

for validation of finite element models:
industrial Applications, TWMS Jour. Pure
Appl. Math,, V.3,N.1, 2012, pp.41-61.

2) TuhtaS. Gunday F. Aydin H. Dynamic
Analysis of Model Steel Structures
Retrofitted with GFRP Composites under
Microtremor Vibration International
Journal of Trend in Scientific Research and
Development (IJTSRD)Volume: 3 | Issue: 2 |
Jan-Feb 2019

3) Tuhta.S. Alameri i, Gunday F. Numerical
Algorithms N4sid For System Identification
Of Buildings, International Journal of
Advanced Research in ISSN: 2349-2819
Engineering Technology & Science, Volume-
6, Issue-1 January- 2019

4) Tuhta.S, “OMA of model chimney using
Bench Scale earthquake
simulator,” Earthquakes and Structures, vol.
16, no. 3, pp. 321-327, Mar. 2019.

5) G.F. Sirca Jr., H. Adeli, System identification
in structural engineering, Scientia Iranica A
(2012) 19 (6), 1355-1364.

6) A. Kasimzade Et Al, “A Comparative Study
On Effectiveness Of Using Horasan Mortar
As A Pure Friction Sliding Interface
Material,” European Journal Of Engineering
Research And Science, Feb. 2019.

7) S.Tuhta, I. Alameri, & F. Glinday, “Numerical
Algorithms N4sid For System Identification
Of Buildings,” International Journal Of
Advanced Research In  Engineering
Technology Science, Vol. 1, No. 6, Jan. 2019.

8) J. Kim, System Identification of Civil
Engineering Structures through Wireless
Structural Monitoring and Subspace System

Methods, PhD  thesis,
University of Michigan, 2011.

9) MATLAB and Statistics Toolbox Release
2018b, the Math Works, Inc., Natick,
Massachusetts, United States.

10) P. V. Overschee & B. D. Moor, Subspace
identification for linear systems theory-
implementation - applications, Kluwer

Identification

421|Page



NOVATEUR PUBLICATIONS

JournalNX- A Multidisciplinary Peer Reviewed Journal
ISSN No: 2581 - 4230

VOLUME 6, ISSUE 6, June -2020

academic publishers Boston, London,
Dordrecht, 1996.

11) Kasimzade, AA. & Tuhta S,
(2016)."Application of OMA on the Bench-
Scale Earthquake Simulator Using Micro
Tremor Data", Structural Engineering and
Mechanics, Vol. 61, No. 2 (2017) 267-274
DOI:
https://doi.org/10.12989/sem.2017.61.2.2
67

12) Tuhta, S., Giinday, F., & Alalou, M. (2019).
Determination of System Parameters on
Model Lighting Pole Using ANN by Ambient
Vibration. International Journal of Research
and Scientific Innovation, 6(11), 191-195.

13) Tuhta, S., Giinday, F., & Abrar, 0. (2019).
Experimental Study on Effect of Seismic
Damper to Reduce The Dynamic Response
Of Bench Scale Steel Structure Model.
International Journal of Advance Research
and Innovative Ideas in Education, 5(5),
901-911.

14)Tuhta S., Gunday F., & Aydin H., (2019),”
Dynamic  Analysis of Model Steel
Structures  Retrofitted @ With ~ GFRP
Composites under Microtremor Vibration”,
International Journal Of Trend In Scientific
Research And Development (IJTSRD)-
Volume: 3-Issue: 2 | Jan-Feb 2019 Available
Online: Www.ljtsrd.Com E-ISSN: 2456 -
6470

15)Tuhta, S., & Giinday, F. (2019). Multi Input
Multi Output System Identification of
Concrete Pavement Using N4SID.
International Journal of Interdisciplinary
Innovative Research Development, 4(1),
41-47

16)Aydin H. (2020) Obtaining Modal
Parameters in Model steel Bridge by System
Identification Using Artificial
Networks, International Journal of Trend in
Scientific Research and Development
(IJTSRD),Volume 4 Issue 2,February 2020

Neural

Available Online:www.ijtsrd.com e-
ISSN:2456-6470

17)Tuhta, S., & Giinday, F. (2019). Multi Input
Multi Output System Identification of
Concrete Pavement Using N4SID. Internat
ional Journal of Interdisciplinary Innovative
Research Develop ment, 4(1).

18)Tuhta, S., Giinday, F., Aydin, H., & Alalou, M.
(2019). MIMO System Identification of
MachineFoundation Using N4SID.
International Journal of Interdisciplinary
Innovative Research Dev elopment

19)Tuhta, S., & Giinday, F. (2019). Mimo System
Identification of Industrial Building Using
N4sid with Ambient
International Journal of Innovations in

Vibration.

Engineering Research and Technology.

20) Tuhta, S., & Giinday, F. (2019). Application
of Oma on The Bench scale Aluminum
Bridge Using Micro Tremor Data. inter
national Journal of Advance Research and
Innovative ideas in Education, 5(5), 912-
923.

21) Tuhta, S., & Gilinday, F. (2019). System
Identification of RC Building Using N4SID.
International Journal of Research and
Scientific Innovation, 6(11), 100-106.

22) Tuhta, S., Giinday, F., & Abrar, 0. (2019).
Experimental Study on Effect of Seismic
Damper to Reduce The Dynamic Response
Of Bench Scale Steel Structure Model.
international Journal of Advance Research
and Innovative Ideas in Education, 5(5),
901-911.

23) Tuhta S., Aydin H.,& Gunday F., Updating
For Structural Parameter Identification of
the Model Steel Bridge Using OMA,
International Journal of Latest Technology
in Engineering, Management & Applied
Science (IJLTEMAS) Volume IX, Issue III,
March 2020 | ISSN 2278-2540

24) Tuhta S.Gunday F. & Aydin H., Update of
Structural Parameters on the Bench-Scale
Aluminum Bridge Model Using Ambient

422 |Page


https://doi.org/10.12989/sem.2017.61.2.267
https://doi.org/10.12989/sem.2017.61.2.267

NOVATEUR PUBLICATIONS

JournalNX- A Multidisciplinary Peer Reviewed Journal
ISSN No: 2581 - 4230

VOLUME 6, ISSUE 6, June -2020

Vibration, International Journal of Latest
Technology in Engineering, Management &
Applied Science (IJLTEMAS) Volume IX,
Issue IV, April 2020 | ISSN 2278-2540

25)Tuhta, S, Ginday, F., & Aydin, H. (2020).
System Identification of Model Steel Bridge
with Fuzzy Logic. International Journal of
Research and Innovation in Applied
Science, 5(1), 50-54.

26)Tuhta, S., & Giinday, F. (2020). Study for
Artificial Neural Network of Aluminum
Benchmark Bridge. International Journal of
Research and Innovation in Applied
Science, 5(2), 90-95.

27)Tuhta, S., Giinday, F.,, & Aydin, H. (2020).
System Identification of Model Steel Bridge
with Genetic Algorithms. International
Journal of Research and Innovation in
Applied Science, 5(1), 55-59.

28)Tuhta, S., Giinday, F., & Alihassan, A. (2020).
System Identification of Model Steel
Chimney with Fuzzy Logic. International
Journal of Research and Innovation in
Applied Science, 5(1), 11-15.

29)Giinday, F. (2018). OMA of RC Industrial
Building Retrofitted with CFRP using SSI.
International Journal of
Engineering and Research Development.

30)Gilinday, F. (2018). GFRP Retrofitting Effect
on the Dynamic Characteristics of Model
Steel Structure Using SSI. International
Journal of Advance Engineering and
Research Development.

31)Tuhta, S., Giinday, F., & Aydin, H. (2019).
Numerical = Algorithms  for  System
Identification of Benchmark Steel Structure.
Presented at the iSTE-CE’xx2019-
International Conference on Innovation,
Sustainability, Technology and Education in
Civil Engineering.

32)Kasimzade, A. Tuhta, S, Aydin, H, &
Glnday, F. (2019). Determination of Modal
Parameters on Model Steel Bridge Using
Operational Modal Analysis. Presented at

Advance

the 8th International Steel Structures
Symposium, Konya.

33)Brownjhon J.M.W,Carden E.P,Goddard
C.R.and Oudin G.,2010"Real-time
performance monitoring of tuned mass
damper system for a 183m reinforced
concrete  chimney."Journal of Wind
Engineering and Industrial
Aerodynamics,98(3),March,pp 169-179

423 |Page



	SUBSPACE IDENTIFICATION USING N4SID METHODS APPLIED TO MODEL CONCRETE CHIMNEY
	ABSTRACT:
	INTRODUCTION:
	DESCRIPTION OF MODEL CONCRETE CHIMNEY:
	NUMERICAL ALGORITHMS FOR SYSTEM IDENTIFICATION DATA AND RESULT:
	CONCLUSIONS:


