
 

THESIS 

 

PREDICTION OF DYNAMIC PARAMETERS OF STRUCTURES BASED ON 

OUTPUT-ONLY OPERATIONAL MODAL ANALYSIS USING  

FREQUENCY DOMAIN DECOMPOSITION METHOD  

 

 

 

 

 

 

 

 
RICKY PRIYATMOKO 

NPM : 175102677/PS/MTS 
 
 
 
 
 
 

PROGRAM STUDI MAGISTER TEKNIK SIPIL 
PROGRAM PASCASARJANA 

UNIVERSITAS ATMA JAYA YOGYAKARTA 
2019 

 



I]NTVERSITAS ATMA JAYA YOGYAKARTA

PROGRAIVI PASCASA&IANA

PROGRAM STI]DI MAGISTER TEKNIK SIPIL

VALIDATION OF TIIESIS (PENGESAHAN TESIS)

: RICKY PRTTATMOKO

: L751026771?S/I,ITS

: SEucture

: Prediction of Dpamic Parameters of Structures Based on

Ou@ut-Only Operational Modal Analysis using Frequency

Domain Decomposition Method.

Name of Supervisor

Name

StudentNo.

Concentration

Thesis Topic
I

Prof. Ir. Yoyong Arfiadi, M.Eng., pLD. ?.!!'?lXy

Dr. h. Imaedi Utomo, M.Eng. :1!z/n

ll



-t

IJNIVERSTTAS ATMA JAYA YOGYAKARTA

PROGRAM PASCASARIANA

PROGRAM STI]DI MAGISTER TEKNIK SIPIL

VALIDATION OF THESIS (PENGESAHAN TESIS)

RICKY PRTYATMOKO

t75t02677IPSA{TS

Shucture

Prediction of Dynamic Parameters of Structures Based on

Ou@ut-Only Operational Modal Analysis using Frequency

Domain Decomposition Method.

Name of Supervisor Date Signature

Name

Student No.

Concekation

Thesis Topic

Prof. k Yoyong Arfiadi, M.Eng., Ph.D.
(Ketua)

Dr. h. AM. Ade Lisantono, M.Eng.
(Sekertaris)

Dr. h. Junaedi Utomo, M.Eng.
(Anggota)

I

[',

:?.tile,.t.

:flzltt

iit

r.)

I



iv 
 

STATEMENT OF AUTHENTICITY (PERNYATAAN KEASLIAN TESIS) 

 

I signed below stating that : 

 

Name   : RICKY PRIYATMOKO 

Student No.  : 175102677/PS/MTS 

Concentration  : Structure 

Thesis Topic : Prediction of Dynamic Parameters of Structures Based on 

Output-Only Operational Modal Analysis using Frequency 

Domain Decomposition Method. 

 

 The above-mentioned research work is done by the author himself and it is 

declared that none of the data of this research work is copied from others research 

works. The data presented in this thesis report is originally calculated by the author 

himself. To avoid plagiarism, the author has provided the proper reference where it is 

necessary. If any issue arises regarding copyright, the author is ready to accept any 

sanctions by the administration of Universitas Atma Jaya Yogyakarta (UAJY). 

 

 

Yogjakarta, 8 July 2019 

 
 

       RICKY PRIYATMOKO 
 
 



v 
 

FOREWORD 
 

            All praise for God for His grace and blessing that the author  able to finish this 

thesis. The purpose of this thesis is as one of the requirement for finishing study 

Program Studi Magister Teknik Sipil Universitas Atmajaya Yogyakarta. During this 

study the author receive lot of suggestion, advice, and support from lot of people. 

Therefore the author like to express gratitude to: 

  

1. Director of Pasca Sarjana UAJY, Head of Program of Magister Teknik Sipil dan 

lectures of Program Pascasarjana Universitas Atma Jaya Yogyakarta that have teach, 

guide, and helped author during study at UAJY. 

 

2. Prof. Ir. Yoyong Arfiadi, M.Eng., Ph.D acting as Supervisor I and 

Dr. Ir. Junaedi Utomo ,M.Eng., acting as Supervisor II that have discussed, giving 

guidance and suggestion, and also motivation during creating this thesis.  

 

3. Administration staff of Program Studi Magister Teknik Sipil Universitas Atma Jaya 

Yogyakarta that served and helping the author during the study and the formulation of 

this thesis. 

 

4. My Classmate during the study and the senior on Program Studi Magister Teknik 

Sipil which are : senior Happy Asisi, senior Alan Putranto, and for the classmate, Ana 

Godhingo, Jefry Moa, dan Ajito. 



vi 
 

 

5. My parent who always supporting me, my father Priyo Utomo and my mother Rachel. 

 

This report is far from perfection and only a small portion of of vast amount of 

knowledge in Civil engineering suggestion and recommendation which are 

constructive for this thesis are greatly appreciated. With this thesis the author hope that 

this work can be used as reference to developed and improving this topic for further 

advancement in civil engineering study especially in modal analysis of the structure.  

 

 

 

 

 

 

 

 

Yogyakarta, Juli, 2019 

Penulis 

 

Ricky Priyatmoko 



vii 
 

CONTENT 

Title Page…....…………………………………………...………………...…...…i 
Validation of Supervisor………...…………………………………………......….ii 
Validation of Examination Committee………...………………….……….…..….iii 
Statement of Authenticity…….……………………………………….…..……....iv 
Foreword…….……………………………………………….………….…….…..v 
Content...…………………………….………………………………….………....vii 
Table list……………………………...………………………………….…...........viii 
Figure list………………………………………...….……………...……………...ix 
Attachment List…………………………………………….………………….......x 
Abstract ………………………………………………….……………………..…xi 
CHAPTER 1:INTRODUCTION……………………….……………………....…1 

1.1. Background………………..……………….……………………....…1 
1.2. Problem Formulation……………………....……………………....…3 
1.3. Problem Limitation…………………….……………….………....….3 
1.4. Originality……………………………..……...…………………....…4 
1.5. Significance of study………………………………….……………....4 
1.6. Objective…………..………………………….……………………....5 

CHAPTER 2: LITERATURE REVIEW AND BASE THEORY ….……….....…6 
2.1. Literature Review...………..……………….……………………....…6 

2.1.1. Literature Review ……………....……………………......…6 
2.1.2. Ambient Vibration Test ……………....…………….........…7 
2.1.3. Accelerometer Sensor Micro-Electro Mechanichal System...7 

2.2. Basic Theory……...………..……………….……………………....…8 
2.2.1. Autocorrelation… ……………....……………………......…8 
2.2.2. Power Spectral Density..……………....…………….........…9 
2.2.3. Theory Background of Frequncy Domain Decomposition.....9 
2.2.4. Identification Algorithm..……………....……………...........11 

CHAPTER 3:RESEARCH METHODOLOGY……………………...………....…13 
3.1. Experimental Model …………...…………..….………………........…13 
3.2. Research Tools……………………………....……………...……........14 
3.3. Research Methodology………………….……………….……….........15 
3.4. Research Procedure……………………..……...………………….......16 

CHAPTER 4:RESULT AND DISCUSSION………………………...………....…17 
4.1. Simulation Models. …………..……………….………………........…17 
4.2. Eksperimental Model…..…………………....……………...……....…22 

CHAPTER 5:CONCLUSION AND SUGGESTION DISCUSSION………......…27 
5.1. Conclusions ……... …………..……………….………………........…27 
5.2. Suggestions………...…..…………………....……………...……....…28 

REFERENCES……………………………………………………………….....…29 
APPENDIX…...…..………………………………………………………….....…30 
 
 
 



viii 
 

 
 
Table List 

Table 4.1. Modeshapes………………………………………………………....17 

Table 4.2. Frequency Comparison between Model Frame and FDD Method....21 

Table 4.3. Comparison of Damping Ratios between Model Frame  

and FDD Method……………………………………………………………….21 

Table 4.4. Comparison of Modeshapes between Model Frame  

and FDD Method……………………………………………………………….22 

Table 4.5. Frequency Comparison between Model Frame and FDD Method....26 

Table 4.5. Comparison of Damping Ration between Model Frame 

 and FDD Method...............................................................................................26 

 

 

 

 

 

 

 

 

 

 

 



ix 
 

 

Figure List 

Fig 2.1 Random signal correlation.…………………………………………....8 

Fig 3.1 Experimental model design…………………………………………....13 

Fig 3.2. Research methodology flow chart…………………………………….15 

Fig 4.1. Modeshape 1 and 2…………………...……………………………….18 

Fig 4.2. Simulation program method flow chart……………………………….19 

Fig 4.3. Simulation of structure response……………………………………...20 

Fig 4.4. Singular value of PSD matrix………………………………………....21 

Fig 4.5. Experimental Model……………….…………………………..…..….23 

Fig 4.6. Configuration files edited on Notepad++……………………..……....24 

Fig 4.7. Experimental structure response……..……….…………………….....25 

Fig 4.8. Singular value of PSD matrix……………….………….….……….....26 

 

 

 

 

 

 

 

 

 



x 
 

 

Appendix List 

INPUT SIMULATION  (thesis_model.m)……………………….…………....29 

ANALYSIS SIMULATION (solveFDD_simulation.m)………………………32 

INPUT EXPERIMENTAL (data_procces.m)………………………………….33 

ANALYSIS EXPERIMENT (solveFDD_experiment.m)……………………...34 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 



xi 
 

 

ABSTRACT 

Dynamic behavior and system identification are important topic in monitoring and 
maintaining  existing infrastructures. System identification using Frequency Domain 
Decomposition (FDD) is an operational modal analysis (OMA) in frequency domain 
used on experiment of shear frame model with random vibration.  
 
FDD method is validated by comparing output of FDD data using acceleration input 
from simulated model with output of FDD using acceleration result of experimental 
model. The result of acceleration data is recorded using USB accelerometer X16-1D 
the calibrated and analyzed using load to Matlab  programs data_procces.m and 
solveFDD_eksperiment.m to estimate the modal parameter of model structure. 
Compared with parameter modal of simulation model, FDD method with input 
simulated acceleration resulted in difference of 1.757% in first frequency and 0.462% 
in second frequency. Meanwhile for FDD method using acceleration of experimental 
model, resulted in difference of 6.3126% in first frequency and 7.7327% in second 
frequency. FFD method is fairly accurate in predicting the frequency of structure, but 
for difference of modeshapes in experimental is very big compared to simulated model 
therefore it can be concluded that this modal parameter is cannot be detected in 
experimental model. 
 
Keyword : Frequency Domain Decomposition (FDD),Operational Modal Analysis 
(OMA), Modal Parameter of Structure, Shear Frame. 
 
 
 
 
 


