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Damage Detection of Beam by Using the Reduction
Ratio of Natural Frequency and the Neural Network

Z| ) of 7+ &”
Ghoi, Hyuk Lee, Gyu-Won
Abstract

A damage in a structure changes its dynamic characteristics such as natural frequencies,
damping ratios, and the mode shapes. In this paper the effort has been spent in obtaining
the characteristics of the reduction ratio in natural frequencies and the damage detection
is performed using the reduction ratios. Most of the emphasis has been on using the artifi-
clal neural network to determine the location and the extent of the damage as well as the
existence of the damage. The data for leamning and verifying neural network were obtained
from the analytical analysis. The data have no errors. Considering the real measurements
the data including errors which are difference this study between other studies also were
used for neural network. The position and extent of the damage can be detected using the
neural network trained by reduction ratios of natural frequencies.
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Table 1 &4t EHX| 42 3 Heo|l A 57 Z=9 1F
B S5 (H)

beam | cross first second third fourth fifth

NO. | section mode mode mode mode mode

1 section 1 | 112479 | 449075 | 1.007.219 | 1782474 2,768,283

2 section 2 | 79734 | 318635 | 715773 1,269,502 1,977,309

3 section 3 | 56265 | 224955 | 505735 897,994 1,400,754
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Table 2 28 FRjoll &&o| AS W FEU L Al

extents of damage

el 10% 20% 30% 40% 50%
tv cv tv cv tv cv tv cv tv cv
1 1.0 (02%2 1.0 (2(??&73? 1.0 (()(?3?? 1.0 1((§x0x0x)> 1.0 1((§x0x0x)>
BT A B R
4 1.0 (():ggf 1.0 (():g?? 1.0 1((?88? 1.0 1(888()) 1.0 1«?88())
5 10 O 10 o, 10 ot 10 o, 10 o,
6 10 O 10 o, 10 ot 10 o, 10 o,
A O A N N O
s 10 O P R e 10 oo 10 oon)
o a0 U LD L0 L0 Lo
0 10 YRS w2 10 oo 10 oo

* ()=error(%), el=element, tv=target values, cv=estimated values

Table 3 58 o] £40| AS M FEZH 2 Al

extents of damage

el 10% 20% 30% 40% 50%

tv cv tv cv tv cv tv cv tv cv
T TR R O
ST ST BT TR T
SO R AR - BRTRN - SRR
CowoTE o, e, o
sow B WS o
o Mmooy,
ST B T B R
coe
oo MR me g em o, o
- S S

* ()=error(%), el=element, tv=target values, cv=estimated values
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Table 4 ©HH 12 717 Hiof &40| US of HS5Z 1
E3D25" E10D25™
elements
target values estimated values target values estimated values
1 1.0 1.0000 (0.00) 1.0 0000 (0.00)
2 1.0 0.9998 (0.02) 1.0 0000 (0.00)
3 0.75 0.7512 (0.17) 1.0 0000 (0.00)
4 1.0 0.9993 (0.07) 1.0 0000 (0.00)
5 1.0 1.0000 (0.00) 1.0 0000 (0.00)
6 1.0 1.0000 (0.00) 1.0 0000 (0.00)
7 1.0 1.0000 (0.00) 1.0 0000 (0.00)
8 1.0 0.9999 (0.01) 1.0 0000 (0.00)
9 1.0 1.0000 (0.00) 1.0 09997 (0.03)
10 1.0 1.0000 (0.00) 0.75 0.7545 (0.60)
* E3D25 © element 3 with section 1 damaged in 25 percentage
#x E10D25 © element 10 with section 1 damaged in 25 percentage
Table 5 ™ 258 7t7 2271 1081 £xoff &40 A of HZZt
extents of damage
elements
10% 20% 30% 40% 50%
1 0994 (0.46)«  0.9999 (0.01) 1.0000 (0.00) 1.0000 (0.00) 0000 (0.00)
2 1.0000 (0.00) 1.0000 (0.00) 1.0000 (()()()) 1.0000 (0.00) 10000 (0.00)
3 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00)
4 1.0000 (0.00) 1.0000 (0.00) 1.0000 (OOO) 1.0000 (0.00) 1.0000 (0.00)
5 0.9985 (0.15) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00)
6 0.9973 (0.27) 0.9998 (0.02) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00)
7 0.9997 (0.03) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00)
8 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00)
9 0.9935 (0. 60 0.9995 (0.05) 0.9999 (0.01) 0.9999 (0. Ol) 0.9998 (0.02)
10 0.8925 (0.84 0.7760 (3.00) 0.6695 (4.36) 0.5756 (4.06 0479 (4.01)
% () @ errors in percentage
Table 6 ©H™ 32 7tx 230| 108 2xoff &40 Us f HSZ 1t
extents of damage
elements
10% 20% 30% 40% 50%
1 0.9958 (0.42)+  0.9999 (0.01) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00)
2 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00)
3 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00)
4 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00)
5 0.9985 (0.15) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0 00)
6 0.9974 (0.26) 0.9998 (0.02) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00)
7 0.9997 (0.03) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (OOO)
8 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00)
9 0.9933 (0.67) 0.999 (0.05) 0.9999 (0.01) 0.9998 (0.02) 0.9997 (0.03)
10 0.8954 (0.51) 0.7843 (2.00) 0.679%6 (2.91) 0.5837 (2.71) 0.4868 (2.64)

w ()

160

errors in percentage

=l

=0

e

S

CHsts| M102 M25(2006. 3)



qal bo

;

foe

j e I
S

L L
i i

Fig. 7 3% 2AE 718 XBE A3 S stz Fig. 8 3%

T WA S A WA Szl ARSS 5070 AlE Qape] Wejol A Bl F d=sHh thxFHe 73
o] Z4zho) tEte 3%4 A5 Egse 2039 F S22 28 BAjel 5 Rl tiste] AFAH ol
29 Z2AHAE WEo Z 10009 ARE AMRS} o8t A2ZES Table 7~Table 89 UeQoH,
ack 35 9 A= AT Fig. 73 Fig 804 B ol AREER] e AFE X3 HEe AnE
= vkt 2o 19 FEAe 29 RAE ALshd 5% Table 9~ Table 119 Yl ule} 2t

Table 7 & #m Fx™oll =40 s wf ALt

extents of damage

clements 10% 20% 30% 40% 50%
1 09276 (724« 09136 (864) 10000 (0.00)  1.0000 (0.00) 0000 (0.00)
2 09672 (746) 08235 (294) 06844 (223) 05782 (363) 04905 (1.89)
3 09660 (33D 09923 (0.77) 09974 (026) 09994 (006)  0.9997 (0.03)
4 09987 (013) 09997 (003 09999 (0.01) 10000 (000)  1.0000 (0.00)
5 09997 (003 1.0000 (000) 10000 (0.00) 10000 (000)  1.0000 (0.00)
6 09994 (006) 09995 (005) 09999 (0.01) 10000 (000)  1.0000 (0.00)
7 0991 (009) 10000 (0.00) 10000 (0.00) L0000 (000)  1.0000 (0.00)
8 09985 (015 09997 (003 09998 (0.02) 09998 (002  0.9999 (0.01)
9 09992 (008)  1.0000 (0.00) 10000 (0.00) L0000 (0.00)  1.0000 (0.00)

10 09992 (008) 09998 (0.02) 10000 (0.00) 10000 (000)  1.0000 (0.00)

# () @ errors in percentage

Table 8 CtAl ¢mf Fxjof &=4&to| AS wh HLZL

extents of damage

clements 10% 20% 30% 40% 50%
) 10000 (0000 1.0000 (0.00) 10000 (0.00)  1.0000 (0.00)  1.0000 (0.00)
) 09999 (001 10000 (0.00) 0999 (001)  1.0000 (0.00) 10000 (0.00)
3 09992 (0.08)  1.0000 (000) 10000 (0000  1.0000 (o 00 1.0000 (0.00)
4 09843 (157 09951 (049) 09968 (0.32) 0996 (054 09910 (0.90)
5 0833 (163) 07667 (417) 07116 (166)  0.6042 (0 0 04956 (089
6 0997 (033 09886 (L14) 09978 (022) 09994 (006) 09995 (0.05)
7 0999 (005) 10000 (0.00) 10000 (000)  1.0000 (0.00) 10000 (0.00)
8 09998 (002) 10000 (0.00) 10000 (000)  1.0000 (0.00) 10000 (0.00)
9 09993 (0.07) 10000 (000) 10000 (0.00)  1.0000 (0.00) 10000 (0.00)

10 09979 (021) 09996 (0.04) 09999 (001)  1.0000 (0.00) 09999 (0.01)

% (1) : errors in percentage
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Table 9 Tt 1S J1Z Hio &40 US of #5210
E3D25" E10D25™
elements
target estimated values target estimated values
1 1.0 1.0000 (0.00) 1.0 1.0000 (0.00)
2 1.0 0.9949 (0.51) 1.0 0.9973 (0.27)
3 0.75 0.7739 (3.19) 1.0 0.9993 (0.07)
4 1.0 0.9935 (0.65) 1.0 1.0000 (0.00)
5 1.0 0.9995 (0.05) 1.0 0.9997 (0.03)
6 1.0 1.0000 (0.00) 1.0 0.9998 (0.02)
7 1.0 1.0000 (0.00) 1.0 0.9999 (0.01)
8 1.0 0.9999 (0.01) 1.0 1.0000 (0.00)
9 1.0 0.9998 (0.02) 10 0.9990 (0.10)
10 1.0 1.0000 (0.00) 0.75 0.7529 (0.38)
* E3D25 © element 3 with section 1 damaged in 25 percentage
#x E10D25 @ element 10 with section 1 damaged in 25 percentage
Table 10 ©HH 28 Z+&l 2271 10 2Xo| &40 UsS of HSZ 1t
clements extents of damage
10% 20% 30% 40% 50%
1 0.9961 (0.39)x  1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00)
2 0.9985 (0.15) 0.9996 (0.04) 0.9989 (0.11) 0.9996 (0.04) 0.9998 (0.02)
3 0.9992 (0.08) 0.9975 (0.25) 0.9997 (0.03) 0.9999 (0.01) 0.9999 (0.01)
4 1.0000 (0.00) 0.9999 (0.01) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00)
5 0.9994 (0.06) 0.9983 (0.17) 0.999 (0.05) 0.9988 (0.12) 0.9964 (0.36)
6 0.9941 (0.59) 0.9997 (0.03) 0.9998 (0.02) 0.9999 (0.01) 0.9998 (0.02)
7 0.9970 (0.30) 0.9999 (0.01) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00)
8 0.9999 (0.01) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00)
9 0.9981 (0.19) 0.9979 (0.21) 0.9997 (0.03) 1.0000 (0.00) 1.0000 (0.00)
10 0.9093 (1.04) 0.8205 (2.56) 0.6981 (0.27) 0.5960 (0.66) 05036 (0.72)
% () : errors in percentage
Table 11 &t 32 7+&l 230] 10 2Xo| &40 US of HSZ 1t
extents of damage
elements
10% 20% 30% 40% 50%
1 0.9958 (0.42)* 09999 (0.01) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00)
2 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00)
3 1.0000 (0.00) 1.0000 (0 00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00)
4 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00)
5 0.998 (0.15) 1.0000 (O 00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00)
6 0.9974 (0.26) 0.9993 (0.02) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00)
7 0.9997 (0.03) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00)
8 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00) 1.0000 (0.00)
9 0.9933 (0.67) 0.9995 (0.05) 0.9999 (0.01) 0.9998 (0.02) 0.9997 (0.03)
10 08954 (051) 07843 (2000 06796 (291 05837 (271) 04868 (264)
% () : errors in percentage
28 FAA Ao 86%9 QA Holil & ¥ Al A ﬂ%% T 9 Aok sYg e
£ FAelME Shgolv HE BT 5% 22t MY 2 A HA SFolA ARES 507) AHE9] el o
A HlwA &GS S-S FRIsAh 3he] 5% X}—~ E3sh= 2039 739 S0

=x

=0

162 x|C

e

S

CHsts| M102 M25(2006. 3)



nm

amimy

'= '=-

Table 12 5

o E
» s 3 & =

2
e

Fig. 10 5% 2AtE 71T A2 E AIEE 29 d32n

FAoll &40l AS wf AL

extents of damage

elements

10% 20% 30% 40% 50%
1 08153 (185)+ 08646 (135) 10000 (0.00) 10000 (000)  1.0000 (0.00)
2 09877 (O74) 08474 (593) 06747 (361) 05940 (099 05010 (021)
3 09845 (155) 09689 (311 09939 (061) 09964 (0.36) 09957 (0.43)
4 09996 (004)  0.9999 (001 09999 (001 10000 (.00 1.0000 (0.00)
5 10000 (0.00) 10000 (0.00) 09999 (001 09999 (00D 09999 (0.01)
6 09989 (011) 09997 (0.03) 09992 (003)  0.9983 (0.12) 09982 (0.18)
7 0999 (005) 09999 (001 09985 (015)  0.9986 (0.14) 09989 (0.11)
8 10000 (0.00) 10000 (0.00) 10000 (000) 10000 (0.00) 10000 (0.00)
9 09998 (002) 09973 (02D 10000 (000) 10000 (.00)  1.0000 (0.00)
10 09995 (005)  0.9960 (0.40) 09999 (001 10000 (.00 09999 (0.01)
# () @ errors in percentage
£ wHsol ¥ 1000749] A5E ARSI, LA} 5% A=t HW 2FAE ¢ & dout
g 3 A% 2¥E Fg 99 Fg 10011*1 He AYRE RN 23gEE e oZ8)7] of
il o] 19 FAjsk oW RAE Alejs 3] Ak 2y ARRES ALsh AFAEEE ©f
= vaF 2 d3sglon &dEe Xlxd%d— ol A &ste] vz Gosh ¢lSo] Zhs st
pRAoz 100 949 WS Mol A7t 9
At 6. &2 &
HEHR Be=A 29 FAlek 5 FAjel thsho]
Aedggel o ANghE Table 126] Ehfsle B EEdNE e Fejo) 72E0 taj w4
P, Sl ARSEA] e ARS Tl 45 A AESE 2489 nHAES5 2ase Fohn 1
E Table 13~Table 14l vhepd nhe} et ATDE o]g5le] QATAADOT FRE] 24 T
AAZOR S5 3 ASdde AT 9%E Jlete] TR e AL A
Aloehd 5% LAPH Welld WSS vk Ave B AR, 4oz s nGAESY Fage A
eiFraL 3l 2 A Al sk s9F %S 71 WE,
ol5S TH TASER A FollM Aol 747t LARRAEF] Fass ol8st] FxES] 42 4
SR A 5L At AAE AEel A 7she Afole 25 dANA £ HRE BA
t. ol IAAEF FaEd] WEATL FHobq AF ol gelstefo & & 4 Sich
o] 7hEsE Wgoe] Wojx7] fEos AlgHth A, S A A AALEE A
T3 Sy ARE FYdle LAE Edehe ﬁ‘l" o= e dAFe eyt ARG wEb AR
SALAP} A AR o5 AT el A& e ARFIS B Flstoiof
SA7F AR ot g el v %%{E} 3] .
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Table 13 &t 22 J+&l 2271 10H 2/o| &40 JUS of HSZ 1t
extents of damage

clements 10% 20% 30% 40% 50%
1 0997 (053)% 09988 (0.12) 10000 (000) 10000 (0.00)  1.0000 (0.00)
2 10000 (000)  1.0000 (0.00) 10000 (000) 10000 (0.00) 10000 (0.00)
3 09994 (0.06) 09981 (019) 0990 (040) 09984 (016)  0.991 (0.09)
4 09998 (0.02) 0999 (001) 09999 (0.01) 10000 (0L.00)  1.0000 (0.00)
5 09974 (026) 10000 (0.00)  1.0000 (0.00)  1.0000 (0L.00)  1.0000 (0.00)
6 09625 (375) 0999 (001) 09999 (0.01) 09999 (0L01)  1.0000 (0.00)
7 0996 (054 09987 (013) 09994 (0.06) 09990 (010)  0.9983 (0.17)
8 10000 (000) 09991 (009 09999 (001 0997 (0.03) 09998 (0.02)
9 09936 (064) 09874 (126) 09975 (0.25) 09986 (014)  0.9995 (0.05)
10 09277 (308) 08278 (347) 06916 (1200 05946 (090) 04911 (1.78)

# () @ errors in percentage

Table 14 Tt 35 717 230] 108 FAof &=40| s i ASZ T}

extents of damage

clements 10% 20% 30% 40% 50%
1 09538 (462 09998 (0.02) 0997 (025  1.0000 (0.00) 10000 (0.00)
2 10000 (0000 1.0000 (o 000 10000 (000) 10000 (0.00) 10000 (0.00)
3 099565 (045) 09920 (0.80) 09996 (0.04)  0.990 (040)  0.9994 (0.06)
4 09997 (0.03)  0.99%4 ( 06) 10000 (000) 10000 (0.00)  1.0000 (0.00)
5 09993 (007 09995 (0.05) 10000 (000)  1.0000 (0.00) 10000 (0.00)
6 09909 (091) 09993 (0.07) 0994 (0.16) 09999 (00D 10000 (0.00)
7 09988 (012) 09984 (0.16) 09993 (007) 09993 (007) 09986 (0.14)
8 10000 (0000 09998 (0.02) 10000 (000) 09999 (00D  0.9999 (0.01)
9 0990 (040) 09837 (163) 09997 (003) 09984 (016) 09997 (0.03)
10 09326 (365) 08276 (345 07153 (219) 05934 (1L11) 04956 (088)

# () @ errors in percentage
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