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7. Thermal Square

8. Fourier Transform (FT)

9. Hilbert Transform (HT)

1 . Wavelet Transfdbrm (WT)

. Concrete-Filled Steel Tube (CFST)

. Structural Health Monitoring (SHM)
. Ultrasonic

. Acoustic

. Magnetic Square

. Radiography

OO WN—



Very Jl /Y e)Lw;/(i}.s S 6393

S ol b iy G i a5 50 S
S po ks SO L [16] sl 5 K550 50
e plwl s a 3hse dlsse slaesls 5 (SWT) |
LI17] g, ks osle aB8aSS Ll Lla s j5 S5
AT 5 e sadde Iyl 350 ot SIS
Slasge S5 Som e o 5145 313 S8 b 5 S
36k s o Jo b g S0kbl B ol s YL
o @ S S s LS Sl ealinal L8] a8
A5 S o Glaesle O ok 5 s Lol
Sope Dl olmd s baal mal ol dtls
eslaal L [19] 0L Kas 5 o5 sl OLas 1, ol = g8 0k
e S 5T sy 53 Sligr S S 5
Joe ol s @ Gt Lotd (Sl Slles (sl
Shestial L20] OLan 5 J Ldd Slmio ol
0 e | gl W Sty ol Srsn 55T B
ST B QT PR -+ e P PP VP PG B
LR T Y R A S W E RCM HE RPN P
Vsl s s.n:-wT el s G [21] o8 5 Jasls
Luls c.ﬂb bl ste 4l Vo glamins S ojle s
385 2,550 0 b 1y ool gl Joes ool izl S 5
L[22] o silS s g gl i e 55 0 Sla i Olse
Flem P LSS bl b S ge 5l eslaz ol
Slio gbazge IS5 Lo 5 2 4 cilies slass 5|
Shesliul U oS sls 0L 5 @stls  sdiscaul o) 5lS
Soe Aol olerl s ool 38 8l bS5 ol
S ol b (615 [23] O Ken 5 BL .aas &
g éu@g&yﬁm AL ol L
Lsls QL e slap o gl b o 515 edd o
PR s Sx o 2 G e BLIL S

)L;‘l")J)bJj’.')fﬁ“-l-*-?'j\"jl—wé‘.;du;}.’.)

S5 Jmae S pe T LSS L [8] 0L s
[9] 5ol gm o lpmilsl s gas sl bid |y Lias Olriw
LB 5 by o S5 e plelbd Gl b Sorpe oS
S o 0T s S IS (S50 wosline byl i s
bl 53 Gogs Sor g o e Ol a0 1 JUS 555
5148 Ll S [10] OLKen 5 ks 550 i3S b e
Jios b sl Bl s sy S e U
LSS Je 3 Sl p Sl VL slie xS S
S o hd 6K LTI o 5 Sy bl o s
Joms 45 o8 Lsls 0Lzl o b 5 S | gl s s
S 3l 5S o polie ol a8 slnl Ko S5
3T Ll sy S5 s S ol 5555 0 Lol
5 ol i 5L b d sl VL sla e o
ST 3 Sl LIS IESL sl 2 [12] O)San
i b s e o oLl e S s
S 3o S oS 5 3l oslizad L [13] SlaysS 5 SIS S
55 katls S 3 e | LasilS @ alw s 5 AlewanS
S S5 e b IS8 0T solentn s,
5 GRSl U las g else 5 adslase K2
e S g A 4B S s o sla ]
s S il sle e Sl Sl & ol
Sorpe el b o It Al ol S| S S e
e Sl elin G2t (B U s ol I
U1 Sl estinn | L [14] s g8 s a5 a3 ooyl
Gs ol odkd amtle 5 S s pe S JKE 4§ S o
S als QLS g sy sdae oS 5 ) 4 Sl
sl b gl sties s DSl shls Sl gl s
Sl sl I L 15] 0LKen 5 (el 555 o | S5 oo
33m JSt g T 51 Jole S g ol s
Sor o T ool g ol 4 oSl amis

1 . Truss bridge €tructures
1 . Substructure damage
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. Stationary Wawlet Transform (SWT)

. Two-Dimensibnal directional Gaussian wavelets
. Laser scanned operating deflection shapes

. Continuous réative wavelet entropy
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2. Short Time Fourier Transform (STFT)
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1. Fourier Transform (FT)
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2. Discrete Wavelet Transform (DWT)
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1. Continuous Wavelet Transform (CWT)
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Fig. 2. Six undamaged first mode shapes of the column
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A Natural Frequency (Hz)

U  50.821 13790 2649 4275 6212 8419
Dl 50819 137.84 264.8 4274 621.1 8415
D2 50.796 137.88 264.8 4273 621.0 841.6
D3 50.819 137.84 264.8 4274 621.1 841.5
D4 50817 137.77 2647 4273 6209 841.2

Table 3. Natural frequency values of no-damage condition
and each of the damage conditions (Hz)
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Debonding Damage ...

State Number Label Zone (m)
D1 1 1 0.6-0.9
D2 1 2 1.2-1.5
D3 1 3 2.1-24

1 0.6-0.9
D4 2
3 2.1-24

Table 2. Geometric profile of the CFST column debonding
damage locations
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Fig. 3. The concept of the angle between the mode shape of
the no-damage condition and the mode shape of damage
condition (D1); (a) 2" Mode, (b) 4™ Mode
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Abstract

Structures get local damages by passing time during the service period under environmental conditions and
loads, although insignificant. It is essential and important to maintain the health, durability and proper
performance of structures and their various parts and lack of proper recognition of the behavior of structures
may cause spontaneity damages and consequently, high social and economic costs may occur. According to
the proper performance of CFST columns, using this type of columns in high-rise buildings and bridge
structures has expanded especially in seismic areas. Steel and concrete can cover each other's weaknesses by
simultaneously using concrete and steel in CFST columns. The weakness of concrete against tensile and the
weakness of steel against pressure has compensated by the combination of steel and concrete in this type of
columns. Also these columns may be damaged during construction or after experiencing load periods
(earthquake, wind, etc.), because getting structures damage is inevitable. One of the primary goals of Structural
Health Monitoring (SHM) is damages detection of the structure in the early stages of formation. If the damage
locations in the structure can be determined and its gradual course can be observed, the damaged members can
be repaired or replaced before reaching the critical condition and occurring complete breakdown. Among the
methods of damage detection, many researchers consider the methods based on signal processing. One of the
methods of signal processing is the mathematical method of wavelet analysis. By using wavelet analysis, more
information can be obtained from the intended signal based on its ability to localize the signal in both time and
frequency domains. One of the most probable damages in CFST columns is the debonding of the concrete core
from the steel tube. In this paper, the CFST column element was modeled and frequency analyzed in ABAQUS
finite element software in two conditions including damage and no-damage. The effect of the debonding was
considered by decreasing the modulus of elasticity of the concrete in the damage places with depth of 3 mm.
The results of the analysis have shown that the information of the mode shapes of the damage and no-damage
conditions (angle between the mode shape vectors and the frequency values) changes due to the effect of the
damage. In order to identify the debonding damage locations, in the Continuous Wavelet Transform (CWT)
detection algorithm, the input signal was defined as the sum or difference of the mode shape of the damage
condition and the mode shape of the no-damage condition based on the angle between the damaged and no-
damaged mode shape vectors. The results showed that the output signals obtaining from the details of input
signal wavelet analysis have useful information to identify the debonding locations of the concrete core from
the steel tube and at high scales, the locations of the debonding damage identify easily, and at low scales, more
convergence of wavelet coefficients is observed in the locations of the damage. According to the results, the
proposed method was introduced as an effective detection method of debonding damage in CFST columns.

Keywords: Concrete-Filled Steel Tube (CFST) Column, Debonding Damage, Frequency Analysis,
Wavelet Analysis, Damage Detection
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