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ABSTRACT

Currently, there are more than 8,000 bridges in Thailand that are over 15 years
old. The bridges in this period should be inspected which the inspection method,
normally the inspection will have a inspection gap of 5 years, which during the 5 years
may be more reasonable If the abnormality is detected slowly will also cause damage to
far. Due to said reason, the solution is SHM method. The beginning of method is bom up
the sensor that can be used to measure vibration data. Also have advantage monitoring
the bridge real-time data and remotely access by sensor. Therefore, studies by using the
beam vibration data which data obtained from FEM method and data go to evaluation
and interpretation using ERA technique. The model is starting from a simple beam using
Line element and analysis method, Free-Vibration to learn how to sensitivity analysis and
found that the position of the force affects natural frequency and mode shape. Then,
study the simple beams using the Solid Element. Learn to choose the location of the
data. From then, the model that is most like the bridge will be 3 continuous beams for
analysis. Force-Vibration That is like a car that runs past the beam. From the analysis, it is
found that the ERA technique can determine the natural frequency and the vibration
shape. But there is a second mode that the ERA technique cannot find. After that, when
this beam started to have damage. Found that, it is possible that when parts are damaged
by 25% or more, the ERA technique will be able to find the difference in both the natural
frequency and the mode shape. This project study is possible to investigate structural

damage in the future.

KEYWORDS: SHM (Structural Health Monitoring), Sensor Technology, ERA Techniques
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2.5 Time domain Method

Amplitude
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1 4
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2.6 Frequency domain method
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2.7 Fourier Transformation
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S@)= [s(t)e™ /2 dr

—00

sy = [S(Nel* T ar

—00

s(t), S( ), Pedyanalluszuvresial an @ = 271f awldn

S(w)= [s)e /" dt

—00

17 ;
H=— |[S(w)e/?d
s(1) 2”_J;O(a))e »

wagliepmgnaeuiioninalmaLNns Ieli

TARN -
S(@)=—— [s@)e ' dt
N2 o
LR i
s()=—— [S(w)e’'dw
N2 o
UNATINTTLY Fourier transform a@uasalynudygiuasansedygandsdou tay

Tnehludyaandadauaveslusuves @ oFe f).

L g

Fourier transform 14 lanudgaianaimlussezuazlanssmuna@aduluautouly
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2.7.1 Discrete Fourier transform (DFT)

6 @

Aamsaalnasy nsunudgainsieaunilsgaigoynsuisesnaonsuanuasliiiu
I3 Qi Y] & 1A ¢ aa A & v
99AUTZNIUNNAMLDTIFY YITIBMULUINTDIAUsEROUMIANDRasluilndoylsUnsuas
{ a 6l I 1 | b [ Y a £ ~ o 1
wiazasludnddvnanasiiaduwivsdauisaglianadulsyansvesounsy Wewuaien
duUszavsvesunsuniS U nAsAULLNLYE IR 98381 115 WheRaUNASY Jaawunsa
WaoAlavIIwIn 3unT weunagaanasu (amplitude spectrum) WiEoaUnASILTWIN LAY
< = ' & o v & ] a i <
naaas eI WaEldnasu (phase spectrum) 91 WAAYINYUIALAZLNEG L3801 NISNABRFLUA
Y] 44' o v dAay 11 A = oA aM v
aTvesdy g Woswndygrumeauisznoulumeanudiibiseiieduien adnnsalaan

lavlaneg (line spectra) w39 AansnaLUnmsl (discrete spectra)
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2.7.2 Fast Fourier Transform (FFT)

Fast Fourier transform (FFT) Wusanesiiudmsuniseuans DFT Wiesan DFT deanns
parlunsmwanivlulnsenzdlofesnisiegasiuauun (N) Tnedl FFT Jeruliding
é’uﬁﬂs@mﬁmau%ﬂﬂ%ﬁwﬁa'jw N uduaududinusues 2 Swzdsliaumnasunogis

nTuieand uiunisauIn (nglanznsan) 9aeaeil
2.8 Eigensystem realization algorithm

duwmaidafidui deulunuimnssulesilagianizeged slunisasisaeugunin
ln59a319 ERA anunsalfilumadianistesziuuy Modal wazad1anissudvesszuulagldnis
MOUALDIVOILALLIULIAN (multi-) input kaz (multi-) data output ERA Qmauaﬂm Juang uay
Pappa LLazgﬂﬁmﬂ%lﬁaisqiwUimqa%’wmﬁﬁuuazmmﬂLsziumummﬂmﬁl,aia, 99,
Tassaianaieutazsruvdy q Snannane luimnssulassaine ERA liilassyanudisssund,
sUTalnuakazdnsdun s liuuae 9 dnly ERA $3uAU Natural Excitation Technique
(NExT) leszymisiitnosaoslufaannisduaziiouseudng wadeigniinllifuennsasnu
wazszullaseainedu q Snannute lusunisinnunsaaeugunnidelasedine ERA uay
watlamsszysnaudu q dumumardylunsiaungluvureslassaiiwintoganisveass nng
unuAnamugiuiiviomsfines modal ldwium e wiifiufuuasszyanudenisfiens

Wnvululassasns Ineld Natural frequencies, mode shapes and damping ratios.

2.8.1 AMNUIUNDUVDINALA ERA

1.ms5uTnteya (Data Assembly)

S

2.M33munYaya (Decomposition)

v

3.Mas19um3nG (MatrixRealization)

N

4.maunteym (Eigenvalue problem solving)

N

5.uenuegAnaIUn (Extract system properties)

JUN2.8 uHuanLansariutuneuveamailn ERA
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2.8.1.1 nM1357UTMdaYa (Data Assembly)

Wunssavswdeyannnisianiuaaunsalinintuass antuaztihdoyaunii

msuUaslviegluguves Hankel Matrix wag Shift Hankel Matrix

1500 2000 2500 3000
Sampels @ 128Hz

5U12.9 feen133uTmTeya

a 6

& o v % a co a X = v aa
AIMNUUILUIVDYANTEATIRHUNINYTIAD (Hankel matrix) ABDLUNINT IR TAN
andnlunwadunuesusaudud iaedty wazwwuudunwesusaaduandendulunsas

WYY FIDUNU

Data = [yl y2 y3 ... Vnike1l

WL TN (e | |
V2O y3 YA e Vi
Hankel Matrix [HO}. = | »3  y4 »5 ... y .,
_yn yn+1 yn+2 yn+k_
2 3 yh L
y3.y4d  ¥5 o v
Shift Hankel Matrix [H1]1 =| y4 5 6 ... y, .,
_yn+1 yn+2 yn+3 yn+k+1_

2.8.1.2 M33muntaya (Decomposition)

¥

Azifun1suundeuanied Singular Value Decomposition (SVD) # LASesile

Y

mepdlnmmanshiaglusuveaunsng Fwultesninlveglusuresumindiuiniudiuam 3 wn-
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3nd anfegary Tumsnddnsa A auim NxN azusnesnidu weasnd UV waz D &3 A= UDV'

4

a9 V! AD NS 1USaUNS NG vsng vV

—

w 0 0
A = U 0o . 0 v
0 0 w,

SVD (A) = [U D V].
SVD(A) = AUV, T+ AUV, # e + AUV
A = UDV".
2.8.1.3 msasnauasng (Matrix Realization)

Y

wnIndguda (Hankel matrix) Aowninddnsanfan@nlusuduniesusonduen

Aenfiu waziwvuninduniesuseaduanferiuludazuug wua

C
c4
p-|c4a’| o= |B 4B B .. 4B
e

2.8.1.4 n3uAUsyin (Eigenvalue problem solving)

deoundamnazledn  Eigenvalue = { Ay, Ay o AL

Eigenvectors ={vy, Vo, ....; V i}
2.8.1.5 LLElnLLElxﬂlmamj'a (Extract system properties)

91N Eigenvalue = { )\1, )\2,... A N

Eigenvectors = {vy, Vy,... vV}

aglein Ay = In(\ )/dt ety Natural frequency = | A o |
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AANNLUU Free-Vibration Iaglduuuanaswuu Line element
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4.1.1 HANFAATIINIAIAUDTTTUWALALIUINTAUAYTT Linear

Perturbation

Tvuad 1

Tvundi 2

Tviandi 3

\ N o

Tvindi 5

hve hve
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4.1.2 HANTITIATIINIANIAINASITUVIAUALTUTNTAUAWIS FFT

- Single-Sided Amplitude Spectrum of y(t)
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4.1.3 Naﬂ'ls"il,ﬂmzﬁmﬁhmmﬁﬁimjﬂ?n,l,azgﬂi"mn'ﬁé'ué’w%% ERA
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4.2 NaNATIZANGANTTUIASIES19ATUYIURAYILUU Free-Vibration Wauuiin

A2 Y% U99A2IUENIELNIU LaglduUNanauU Line element
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4.2.2 waﬂ'ls"il,ﬂmzﬁmﬁhmmﬁﬁimjﬂ?n,l,azgﬂi"mn'ﬁé'ué’w%% ERA
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Mode 1 0.13% 0.01%
Mode 2 0.58% 0.16%
Mode 3 2.78% 0.74%
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4.3 NANATIZUNYANTTUIASIES19ATUYINAYILUU Free-Vibration Wauuiin
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4.3.2 Nﬂﬂ'ﬁ%msqsﬁmc&hmmﬁﬁimn?ntazgﬂinmsé’ué’w%‘% ERA
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4.3.3 WSguguaNUANAINAIAIINASTTUYIRSZUIG Linear Perturbation fiu
FFT/ERA

FFT ERA
Mode 1 - 0.01%
Mode 2 1.07% 0.02%
Mode 3 0.09% 0.10%
Mode 4 7.57% -
Mode 5 19.18% 0.59%
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4.4 NaAASIZYNGANISUTATIES19AUABLIUDY 3 999 WUU Force-vibration
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Perturbation

Tvuadi 1 AuAssIuTIR 0.3002 Hz Tyuadi 2 Aaass5ueR 0.5340 Hz
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4.4.2 wams%mmzﬁmﬁhmmﬁﬁimjﬂ?n,l,azgﬂi"mmié'ué'w%% ERA
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4.4.3 WSgUuguaNUANANAIAIINDSTTUYIRASLUING Linear Perturbation Ay

ERA

Natural Linear ERA %A214

Frequency Perturbation HANan
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4.5 NANATIZUNYANTTUIASIES19ATUABLIUBY 3 929 WUU Force-vibration Wladl
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4.5.2 U319 3auva9lAs9a31991n3s ERA Nluuanisdui 1
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4.5.3 3U19m5auva9lAs9a31991n3s ERA Ailuuan1saun 2
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4.6 NANATIZUNYANTTUIATIES19AUABLIUDS 3 929 WUU Force-vibration Wladl

nswasuauantAvastudInuludiunuuiussesin winiug lunsagya9vas

AU

4.6.1 Wadudruaudenigeglurretnevasnunaiiias 3 429
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4.6.1.3 JU319N158UA83T ERA WiaanudemeBudiundu 25% uaz 40%
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4.6.2 Waudruaudenigaglugasuarvasmusialiion 3 429
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4.6.2.3 5U319M3euA835 ERA Wannudemedudundu 25% waz 40%
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4.6.3 Wadudruaudenigagluianalsvasniusioiiios 3 199
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Code 95 Fast Fourier Transform Tuluswnsy MATLAB

clear;

clc;

fs=100; %Sampling frequency

load interval5_E.mat

ydata=interval5_E;

y=ydata’;

L=length(ydata);

NFFT = 2/nextpow2(L); % Next power of 2 from length of y
Y = fftly,NFFT)/L;

f = linspace(0,fs/2,NFFT/2);

figure(2)

plot(f,abs(Y(L1:NFFT/2));

title(‘'Single-Sided Amplitude Spectrum of y(t))
xlabel(Frequency (Hz))
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Code 75 Eigensystem Realization Algorithm TulUsinsu MATLAB

clc; clear;

load interval3 E load5t.mat;
Y=interval3 E load5t;
cols=5500;

rows=4500;

cut=30;

shift=10;

inputs=1;

fs=100; %Freguency Sample

[outputs,start]=size(Y); % Computes the size of matrix.Y.
if outputs > start % Check'if.Y-matrix size is proper or should-be transposed
Y=Y

[outputs,start]=size(Y);
end
% Find block sizes

brows=fix(rows/outputs); % brows = how many output blocks.

rows=outputs*brows; % Redefine the row numbers.
beols=fix(cols/inputs); % bcols = how many time steps.
cols=inputs*bcols; % Redefine the columnnumbers.
m=inputs; % inputs number.

g=outputs; % outputs number.

% Form the Hankel matrix H(0).
HO=zeros(rows,cols);
for ii=1:brows
for jj=1:bcols
if ii==brows || jj==bcols
sh=shift;
else

sh=1;
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end
if ii==brows && jj==bcols
sh=2*shift-1;
end
HO([Gii-1)* g+ L:ii*ql L[Gj-1)*m+1:*m] )=Y(,(sh-1+(j- D+ii-1)*m+1:(sh-1+(j)+ii- 1)*m);
end

end
% Decompose the data matrix
[R1,Sigma1,51]=svd(H0,0);
sv=diag(Sigmal);
% Truncate the matrices using the cutoff

D=diag(sqrt(sv(1:cut)); % build square root of the singular values.

Dinv=inv(D); % (sigma)N(-1/2)
Rn=R1(,1:cut), % Use only-the principal eieenvectors
Sn=S1(,1:cut); % use only the principal eigenvectors

% Build the second Hankel matrix H(1).
H1=zeros(rows,cols);
for ii=1:brows
for jj=1:bcols
if (ii==brows || jj==bcols)
sh=shift;
else
sh=1;
end
if ii==brows && jj==bcols
sh=2%shift-1;
end
HL([Gi-1)* g+ Lii*g] G- 1% m+1:*m] =Y, (sh-1+Gj-D+i)*m+ 1:(sh-1+G))+i)*m);
end
end
% Calculate the realization of A and find eigenvalues and eigenvectors
A=Dinv*Rn*H1*Sn*Dinv; % build A as per ERA.
B=D*Sn";B=B(;,1:m); % build B as per ERA.
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C=Rn*D; C=C(1:q,); % build C as per ERA.

% Extract the modal frequencies , damping ratios and natural frequencies

[Vectors,Values]=eig(A); % Eigenvalues and Eigenvectors
Lambda=diag(Values); % roots in the Z-plane
s=log(Lambda).*fs; % Laplace roots
zeta=-real(s)./abs(s)*100; % damping ratios
fd=(imag(s)./2./pi); % damped natural freq:
shapes=C*Vectors; % Mode shapes.

% Sort into ascending order
[fd,]=sort(fd);
zeta=zeta(l);

shapes=shapes(:,);

% Remove the negative frequencies.and frequencies>fs/2

s=s(1);
lower=1;
upper=cut;
for ii=1:cut
if fd(ii) <=0
lower=ii+1;
end

if fd(cut-ii+1) >= 0.499*fs
upper=cut-ii;

end
end
fd1=fd(lower:upper);
zetal=zeta(lower:upper);
fd1=fd1./sqrt(1-(zetal/100).A2);
Lambdal=s(lower:upper);
shapes=shapes(:,lower:upper);
% Sort again
[fd1,ii]=sort(fd1);
zetal=zetal(ii);

shapes=shapes(:,ii);

% Calculate the undamped natural frequency
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Lambdal=Lambdal(ii);
% Normalize modeshapes
Phi=shapes;
HH = size(Phi);
[CL,II] = max(abs(Phi));
for jj = 1:HH(2)
b = -angle(Phi(lI(j),i);
ModeShapeS(:,jj) = real(Phi(:,jj)*exp(1i*b));
ModeShapeS(.,jj) = ModeShapeS(.,jj)/norm(ModeShapeS(.,jj));
end
shapes=ModeShapesS;
% Output format =

NaFreg=fd1, % Natural frequencies vector
DampRatio=zetal; % Damping ratios.vector
ModeShape=shapes; % Mode shape matrix

%Froming Result structure
Result.Parameters.NaFreg=NaFreg;
Result.Parameters.DampRatio=DampRatio;
Result.Parameters.ModeShape=ModeShape;
Result.Matrices. A=A;

Result.Matrices.B=B;

Result.Matrices.C=C;
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