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Experimental Study for Characteristics of Assessment of
Neural Networks for Structural Damage Detection
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Abstract

When a structure is damaged, its dynamic responses (natural frequency, acceleration, strain) are found to be changed.
The ANN(Artificial Neural Network) damage—assesment method is that some measured dynamic signals from the
structural changing dynamic responses are applied to ANN to assess the structural damage. Although there have been
some studies on a certain typical cases so far, it is rare to find studies about the characteristics of the ANN
damage—assesment method or about its applicability, its strength and weakness. So this study researches on the
characteristics of ANN damage assesment method and on a problem in application of the various dynamic responses to
ANN. What the ANN damage assessment method usually does in past researches is to teach an ANN by using some
response signals obtained from damaged structures under one kind of excitations and to identify the locations and the
extents of damage of same structures under the same excitations. However, the excitations inflicted on the structures are
not always the same. Thus this study experiments whether a ANN which is trained using the same excitations is able to
identify the damage when different excitations inflict. All response signals are obtained from experimental models.

Keywords : ANN, Structural Damage, Dynamic Response
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Fig. 1 Damage Scenario

> oy

e, WS A 5 e ﬂokﬂ 9%

N5 A dobd = A=A AT

& melle S sk WY el a4

3], 2002, c’F"é, 2005) o=t LﬂE%% JE59 4
Sk 2950 RuRge® 9 g8 AsEs "Q
Q7 gt gg5ol <k AN E S ARE
ol ALket F850] EYgto] Sy expbt “5}71]
Uepdtl gh5E A WolAE o] et Ak 58
+ olatE yehh=t] o] et FREe] Ths 3go)
gh5olth o] g5 Aol eate] S 28l 2 T2

FAES Adsi= AA7E X7 SxpFow 4
ulo] 7| 1 W] E8FelA 29T, 295l
JE5] Wkow gdutlo] AT FEIolA Al
Ak} E3Egke]l @xk= SSE(Sum Squared Error) &
et} ojuf SSEE Alktelal 1 @AFE &o]7] 2I8k
2FE AdTAA AAAEE YR I S5
J& Epochet sttt odst LﬂE%J—% olgst AAY &
7V w7 flEiM B = (W) ol st
&t 4 AU E Fig. 13 2ol 7438181t

Jjar Zbze] 4 Aluke] o) wket *‘%—% Tsto]
I55 SHNTE(IRET, 7L, HEE & 949
HE ] qlgghoz AREslo] s5g *l?&ii}. o] A} g
FH AT FEgEe] SR ERPEE YR
+ Hagho] HEE ARSI Al ARgshE S
4 A4S 9% AR SR A7 veRdh

upebA e el A9 37, 2, 33 B



)9 e, 7RS4
512709 Wl &

$ 102471¢] v{ A&
S AMgaoITh RETEEY Qbt
670 wrelth webA S EIRD = UrEMM ?J8to]
9359 e = 6707 H=F silvh 245 i
T AP0 2 Eslo] HlEZ o7 FEAI7|HA £
s} Jehest wlnd Es Th HES 145G
78 1070, 71550 A5 670, RgES 735 4070 = 7}
gt
o Al AR 9dnt vEY AR8Y S
SSE (Sum Squared Error) 7} 0.0001¢]82 S W]
= Epoch7} 10000W0] ¥l wf FHates sl
th o714, & ¥ Epoch 2h= 212 dd S5 f;&‘

rlr od

= 2L gnjEtt. = Epoch7F 100008 0]2k= 28 7}t
2 e 100009 54381 Aot}

22 FREO| aAE

AR A7) AGE B g RE0] v

o WskE H4ER ARSIt 1oy TEEe] EE
o T2 el AskEol TxEY A5l
w3lsit, ey whde] WalEa) i) JAo) vlE
ato] WshA] 7] wiiel A3 wahd &9 4 esl

= AgelME 7188 drAEEol
ARESE o g % Lioﬂ e A AEAES 1
% 5, 2003). & A2 54t
Ae 2] flsiA /‘Mﬂi# Table 13} o]
10%, 20%, 40%] thalA] AR strela, s
AEY B e o] flsko] SashA 92 15%
4% 25% e ATt 1 ol 44w 7

o
3 " S sk TE <ol e Aol e
sfea shgo] oA ut Rl gl Gli= Aol &4t

2 wlote sHgo] vobA7] wRolck

Ll B e M o= }01 Uk Fig. 139 22
gﬂo]E 6§/\19/] /\]fﬂ% 1:/_} rrLzﬂ [e] Xﬂﬂs ol
. PJ‘%%%%% 2ol 600mm, % 40mm, 7] 3mm
HEE SS400 S ARSIt o]
&e] 1A 9 A7 gk g5 El ?é flste] &
q TxE T
T 1?2, il o L(10% 20%,
40%) % 735 3?‘“—, 2'%11"% A7 3 (10%, 20%, 40%)
tolom Aol 2y 732
& 2EF[2NEAT} &4 (15% 25%) | A5 2% ]—%
ARgEte] B 97 TR B TRES ARESISIth o
714 10% 4% 725 FAdae] 5 10%34AA ]
A AL Aolm 15% &4, 20% £, 26% &%
40% =230 | Z47e] FAj o] Aol sd gt J‘ﬁ_i
Azrsisiet.

3.2 ASEX| Set up

Fig. 2(@+ HP-VXI 14329} +E&(MTSAH
T-DAS Z=713 ARS) 12]31 sl 2A] &gkl A
g SIS (IFAET, 7R, HEE) S ASsk
AREERSITE THRIES = die dlWE olgsiilor
HP VXI 14329} Q4% »EX s vepd Z74 3t
o] A71(140EU(0.61N)) & 7150= 38t} Fig. 2(b)
= ASERY 55 7SR SHoly RO ® 50
7iNE HoejF=a Qi

Table 1 Damage Location and Damage Ratio for Training and Verification

training case

verification case

member 1 2 2
sectional reduction ratio 10% 20% 40% 10% 20% 40% 15% 25%
deﬂe‘:“(’“(gglage ratio | 0379 0.79% 1.87% 2.21% 4.83% 12.03% 3.46% 6.34%
_ Adnm _Am(iam . . . . 4
DR= —aA A, 1 dam -deflection before damage, 4,,,, : deflection after damage

undam
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(@) Measuring equipments for natural frequency, acceleration and
strain
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(b) Acceleration data measured in damaged member 2

Fig. 2 Measuring Equipments and Measured Acceleration Data
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Fig. 3 Training Results of Damaged Members 1 and 2(natural frequency)
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Table 2 Verification Results of Trained Neural Network

member 2
mem |input values natural frequency acceleration strain
—ber
extent of _
damage 15% | error(%) 25% | error (%) 15% | error(%) 25% | error (%) 15% | error(%) 25% | error (%)
1 0.998 0.200 0.998 0.200 0.994 0.600 0.991 0.900 1.000 0.000 1.000 0.000
2 0.824 3.059 0.743 0.933 0.837 1.529 0.769 2.533 0.851 0.118 0.741 1.200
3 0.998 0.200 0.998 0.200 0.997 0.300 0.997 0.300 0.981 1.90 0.994 0.620
4 0.998 0.200 0.998 0.200 0.995 0.500 0.993 0.700 1.000 0.000 1.000 0.000
5 0.998 0.200 0.998 0.200 0.993 0.700 0.997 0.300 1.000 0.000 1.000 0.000
6 1.000 0.000 0.998 0.200 0.997 0.300 0.992 0.800 1.000 0.000 1.000 0.000
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