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Determination of Degraded Properties of Vibrating Laminated
Composite Plates for Different Layup Sequences

Kim Gyu-Dong*, Lee Sang-Youl**"

ABSTRACT: This paper presents a method to detect the fiber property variation of laminated GFRP plates from
natural frequency response data. The combined finite element analysis using ABAQUS and the inverse algorithm
described in this paper may allow us not only to detect the deteriorated elements from the mirco-mechanical point of
view but also to find their numbers, locations, and the extent of damage. To solve the inverse problem using the
combined method, this study uses several natural frequencies instead of mode shapes in a structure as the measured
data. Several numerical results show that the proposed system is computationally efficient in identifying fiber stiffness
degradation for complex structures such as composites with various layup sequences.
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Fig. 1. System identification procedure proposed in this study
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Table 1. Material properties

Density 1850 kg/m’
E, 44.27 GPa
Young's Modulus E, 11.79 GPa
E, 11.79 GPa
G, 3.49 GPa
Shear Modulus G 3.49 GPa
G, 5.89 GPa
Vi, 0.275
Possion Ratio Vi3 0.275
Vys 0.300
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Table 2. Cases for S|
Total Element Damaged Layup
Case
No. Element No. sequence
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VI 16 6 [45/-45]
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Table 3. Genetic algorithm options for analysis case

Genetic algorithm options Casel Case II~VI
Generations 600 300
Populationsize 25 50
CreationFcn gacreationlinearfeasible
SelectionFcn selectionroulette
EliteCount 2
MutationFcn mutationadaptfeasible
CrossoverFcn crossoverheuristic
TolFun le-15

Search range 10 GPa~100 GPa

Table 4. Induced correlation coefficients

Case | Eigenvalue Mode
I II III v

I 100.0% 99.99% | 99.96% | 99.82% | 99.50%
11 99.97% 99.93% | 99.84% | 98.56% | 99.62%
111 100.0% 99.94% | 99.48% | 97.69% | 95.70%
v 99.67% 98.08% | 98.05% | 96.88% | 91.84%
\' 98.54% 98.07% | 96.57% | 92.39% | 82.81%
VI 97.52% 99.39% | 98.01% | 91.93% | 87.63%

317] Sl gAENA dlolE o] &4 Aut o) gt
o WE7} glofof sto] ofelst Mo & F4]ste] ekt 4
A GAS) s o148 Ly 1) Aol 4t
A4 2 A4bstel HAlsHe w0 3he] 2 o] o). Table 41
B A9 3 1219] 4 a0l e 2ol o
o 7t mEY BAES] ARASE Belzt

p

3.2 Case |

Fig. 32 Case Iof| 3t &712|= A8 A7ME HojZr}. Fig.
() ZF B3l @ 2o tiste] 2T 2 AN Hol=
o, 78 @ 40] A9 A3 FARS AslkslA WS 25

ATk Fig. 3(b)= ©lah4S 9Ig f2d4 Anel%e) 7 A
i AE HojEh of 7] A, 3k Alth (Generation)of| 4] 7}
A (Population) THE-¢] a7} WA EH T ZHE] HFHEo]
B3-S AAFsH =k Fig. 3(c)= 3t Aldol|A 7 A5t
b 2 Al digh AFE grS oulgitt.

L

3.3 Case |l

Fig. 4= Case Ilo|| Tt darefE AsY AakE HolErt Case
o] ulsto] A Ao dalshs aao] 7t 16702 S7)
519171 wiol ekt 9121 2= o] wefdt 4= ek ut
ghA], B o A= 1671 9] Q4] tste] 12 e

2 YT T, YA Al FHE B AL a4z 239



Determination of Degraded Properties of Vibrating Laminated Composite Plates for Different Layup Sequences

281

-
[=}

» N ©

N

Young's modulus of fiber(GPa/10)

o

4 5 6
Element No.

(a) Estimated values

8 T T T T T T T
7, |
o 6F g
o L
5 5r 1
2 |
a .
o 4r &
s |
go, -
< ol
L e s, e sigrl
REE St ;,\,;w Pota ..w\«m., G ,,,,’.fgs.:, %
" ~ Gl 2T \’ RV %
50 100 150 200 250 300 350 400
Generation
(b) Average distance between individuals
10
0t . ;
Best fitness
8 Mean fitness
Best: 4.74493e+06 Mean: 8.94314e+09
]
3 6f 7
>
4
[
] ‘.
2 4l P i
E . . .
LR '.:.’
gk v &0y
TES

200 250
Generation
(c) Fitness value for generation

Fig. 3. Genetic algorithm results of case |

Fig. 4(d1= 470] o] tfsto] 24 AT ZE At
Aaks wolzrt 2go)A i el o], 24

64l paolH BAAS WA, 24 Zhe A2s)
A4S oF 4 9lrh.

3.4 Case llI~-VI

Table 5= Case III~VIo] tjjs}o] A]AHE] Q4] o312 =3
Ne 48 A HojZrh o] 9L B
AL WA B4 St on e, 4
= gAto] B 23 A E o 2 9lslo] EA A

Avergae Distance

Fitness value

N S T N U o

=)
g
9
[
3
3
o
E
w
o
s
3
>
8 10
Element No.
(a) First estimate value
12 T T T T T
10r i
8 4
6 -
'z
4f ]
:
2r
. w;&.,?:m»,,m- 'zz«,a e «p‘,“a),ﬁ m‘)‘gé
100 200 300 400 500 600
Generation
(b) Average distance between individuals
10
10210 . . , i
. + Best fitness
8l +  Mean fitness
i Best: 1.43169e+08 Mean: 3.87093e+09
6 5 1
47. -
2t N 2 .,:.’.’; .
;n R :‘":x’:; :,': N Sael s - n’o‘ Kaas t:‘.’}‘ .{: :::
8 e SN TGN L :».v ‘?u“_y. SRR N OO
0 100 200 300 400 500 600
Generation
(c¢) Fitness value for generation
10
g
g
o
[z
3
3
(=}
E
0
o
=
3
>
Element No.
(d) Second estimate value
Fig. 4. Genetic algorithm result of casell
Aol §< WasteH14]. whetd 3383 Zo] i &
7S A sty on, 43 Wk e 24 A3}
7 AIE vl £AI5HITh Table 59F 2ol 167119] Q.42
HF AR sto] dae|ES AR Aol =4
ol 91215 goel 7] 2 eta) Letolch ol elat AT
=5 vk o] A9 AEAsHE AAl 2= A



282

Kim Gyu-Dong, Lee Sang-Youl

Table 5. Outcome of the first run in the fine searching step. the symbols o and x denote the damaged and undamaged conditions,
respectively (The values higher than 70 GPa are considered to be undamaged)

Original Estimate . Estimate . Estimate ‘ Estimate -
Element No. value value Evaluation value Evaluation value Evaluation value Evaluation
(Case III) (Case IV) (Case V) (Case VI)
1 85.3 83.37 X 95.65 X 96.58 X 91.57 X
2 85.3 75.01 X 85.85 X 93.35 X 71.00 X
3 85.3 92.74 X 94.29 X 95.54 X 89.92 X
4 85.3 52.25 o 64.93 o 67.13 o 97.68 X
5 85.3 78.47 X 63.65 o 98.71 X 86.66 X
6 20 54.29 o 27.00 o 17.67 o 42.50 o
7 85.3 76.31 X 93.35 X 83.76 X 95.01 X
8 85.3 91.09 X 81.57 X 95.33 X 95.68 X
9 85.3 99.64 X 68.31 0 94.39 X 84.95 X
10 85.3 70.83 X 67.09 o 77.30 X 32.77 o
11 85.3 60.11 o 77.71 X 90.44 X 68.13 o
12 85.3 92.89 X 98.36 X 92.52 X 77.28 X
13 85.3 98.22 X 90.47 X 99.64 X 64.25 o
14 85.3 40.30 o 52.36 0 82.30 X 94.52 X
15 85.3 56.38 0 84.35 X 52.76 [ 83.87 X
16 85.3 99.99 X 99.96 X 61.84 o 98.79 X
1.0 1.0 10
2.5 0.5 0.5
o 0.625 1.25 o 0.625 1.25 o 0.625 1.25
(a) Sth Generation(First run) (b) 15th Generation(First run) (c) 25th Generation(First run)
1.0 10 10
0.5 0.5 0.5
o 0.625 1.25 o 0.625 1.25 o 0.625 1.25
(d) 35th Generation(First run) (e) 45th Generation(First run) (f) 55th Generation(First run)
1.0 10 1.0
g 0.625 1.25 ° 0.625 1.25 o 0.625 1.25

(g) 5th Generation(Second run)

(h) 15th Generation(Second run)

Fig. 5. Damage detection in each generation (Case Ill)

(i) 25th Generation(Second run)
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Table 6. Outcome of the second (final) run in the fine searching

Table 8. Outcome of the second (final) run in the fine searching

step (Case lll) step (Case V)
Element No. | Original value | Estimate value| Evaluation Element No. |Original value| Estimate value Evaluation
4 85.3 75.83 X 4 85.3 83.81 X
6 20 30.66 o 6 20 19.92 o
11 85.3 60.01 X 15 85.3 80.31 X
14 85.3 96.68 X 16 85.3 95.20 X
15 85.3 76.99 X
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Table 7. Outcome of the second (final) run in the fine searching
step (Case IV)

Element No. | Original value | Estimate value| Evaluation
4 85.3 86.33 X
5 85.3 83.72 X
6 20 24.19 o
9 85.3 71.44 X
10 85.3 89.92 X
14 85.3 46.64 X

Table 9. Outcome of the second (final) run in the fine searching
step (Case VI)

Element No. | Original value | Estimate value| Evaluation
6 20 23.84 o
10 85.3 99.99 X
11 85.3 87.06 X

13 85.3 66.74 X
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