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Study on Damage Detection Method using Meta Model
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ABSTRACT: This paper presents an effective damage detection method using a meta model. A meta model is an approximation model that
uses the relations between the design and response variables. It eliminates the need for repetitive analyses of computationally expensive models
during the optimization process. In this study, a response surface model was employed as the meta model. The sutrface model was estimated
using the correlation of the stiffness and natural frequencies of the structures. The locations and values of the damages were identified using a
meta model-based damage detection method. Two numerical examples (a cantilever beam and jacket structure) were considered to verify the
performance of the proposed method. As a result, the damages to the structures were accurately detected.
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FEM Model

Eigenvalue Analysis using
FEM Model

Meta Model of Structure

Estimation of
Natural Frequencies

Optimization of
Meta Model

Damage Identification

Fig. 2 Flowchart of the of the damage detection using meta

model
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Table 2 Properties of a FE model

Beam Property Value
Modulus of elasticity, £ 2 x 10" N/m2
Mass density, p 7850 kg/m’
Length, [ 1m
Diameter, d 0.024 m

Table 3 Damage scenarios of the FE model

Damage scenario Damage location Damage severity [%]
Case 1 E5 75
Case 2 E10 115
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Fig. 3 Finite element model of a cantilever beam
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Table 4 First natural frequencies at different damage location = Table 6 Third natural frequencies at different damage location

and damage severity and damage severity
Damage Damage severity [%] Damage Damage severity [%]
location 5 10 15 20 25 location 5 10 15 20 25
Natural frequency [Hz] Natural frequency (Hz)
El 168648 16.7743 16.6749 165651 16.4431 El 296.3785 2953051 2941623 2929436 291.6412
E2 168760 16.7978 16.7117 16.6162 16.5100 E2 2971019 296.7927 2964580 296.0946 295.6985
E3 168865 16.8196 16.7458 16.6639  16.5725 E3 297.3688 297.3470 297.3228 297.2957 297.2652
E4 168961 168397 167773 167079  16.6303 E4 2972714 2971426 297.0001 296.8417 296.6646
E5 169048 16.8580 16.8060 16.7481 16.6833 E5 296.9996 296.5721 296.0998 2955755 294.9901
E6 169127 168744 168319 167845 16.7312 E6 296.7724 296.0972 2953540 294.5321 293.6184
E7 169196 168890 16.8549 168168 16.7740 E7 296.7379 296.0266 295.2458 294.3848 293.4307
E8 169257 169017 168750 168451 16.8114 E8 2969094 296.3854 295.8100 295.1752 294.4715
E9 169309 169126 168922 16.8694 16.8437 E9 2971726 296.9359 296.6751 296.3865 296.0654
E10 169352 169217 169067 16.8898 16.8707 E10  297.3578 2973239 2972864 297.2446 297.1977
Ell 169387 169291 169184 169064 16.8928 E11  297.3403 297.2873 2972286 297.1634 297.0903
E12 169415 169350 169277 169195 16.9103 E12 2971154 2968160 296.4865 296.1219 295.7165
E13 169436 169394 169347 169295 16.9235 E13  296.7993 296.1552 2954482 294.6687 293.8049
El4 169451 169426 169398 169367 16.9331 El4 2965590 295.6521 294.6565 293.5584 2923414
E15 169462 169448 169433 169416 16.939% E15 2965165 2955594 2945041 293.3348 292.0321
El6 169468 169461 169454 169446 16.9437 El6  296.6841 2959060 295.0422 294.0779 292.9947
E17 169471 169469 169466 169463 16.9459 E17  296.9643 2964933 2959672 2953758 294.7064
E18 169473 169472 169472 169471 16.9470 E18  297.2172 297.0265 296.8129 296.5722 296.2987
E19 169474 169473 169473 169473 16.9473 E19  297.3534 297.3144 2972707 2972215 297.1657
E20 16.9474 169474 169474 169474 16.9474 E20  297.3871 297.3855 297.3837 2973817 297.3794

Table 5 Second natural frequencies at different damage location ~ Table 7 R® of response surface model(RSM)

and damage severity

Element Natural frequency
Damage Damage severity [%] number 1* 2 3
location 5 10 15 20 25 El 0.9912 0.9897 0.9743
Natural frequency [Hz] B2 0.9899 0.9881 0.9737
Bl 1057779 1053152 104.8153 1042737 103.6849 B3 09862 09866 09698
E2 1059771 1057272 1054552 1051581 104.8322 . 09904 09872 0971
B3 1061132 1060103 1058974 1057732 105.6358
E4 1061873 1061651 1061406 1061135 106.0832 5 09887 09854 09718
E5 1062050 1062021 1061989 1061952 1061911 Eo 0.9892 0.9812 0.9701
B6 1061770 1061434 1061060 1060645 106.0178 E7 0.9840 09791 0.9634
E7 1061190 1060215 1059134 105.7930 105.6581 E8 0.9811 0.9789 0.9628
BS 1060489 1058741 105.6808 1054657 105.2250 E9 0.9809 09782 0.9633
E9 1059839 1057380 1054661 1051640 104.8265 E10 0.9792 09788 0.9602
E10 1059383 1056422 1053152 1049521 104.5466 E11 0.9804 09782 0.9607
El1 105.9204 105.6045 105.2555 104.8678 104.4346 E12 0.9781 0.9780 0.9598
E12 1059323 1056292 1052937 1049203 104.5024 13 0.9755 0.978 0.9506
E13 1059698 1057073 1054160 105.0911 104.7263 B4 09751 0977 0951
El4 1060236 1058199 1055934 1053399 105.0543 Bl 0,972 09768 09518
E15 1060822 1059432 1057881 105.6141 1054175
El6 1061348 1060539 105.9636 105.8621 105.7470 El6 09714 09699 09543
El7 1061737 1061360 1060939 106.0464 1059927 E17 0.9746 0.9701 0.9532
E18 1061964 1061839 1061700 1061543 106.1365 El8 0.9762 0.9766 09478
E19 1062056 1062034 1062010 106.1982 106.1951 E19 0.9709 0.9674 0.9461

E20 106.2075 106.2074 106.2073 106.2072 106.2071 E20 09721 0.9650 0.9414
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Table 8 Information of two damage models and predicted damage information from RSM models

Simulation model RSM model .
Damage model Predicted error [%]
# of element # of damage # of element # of damage
Case 1 E5 75 % E5 7.52 % 027 %
Case 2 E10 11.5 % E10 11.51 % 0.09 %
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Table 9 Properties of a FE model
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Beam Property Value
Modulus of elasticity, # 2 x 10" N/m’
Mass density, p 7850 kg/m’

Diameter, d 0.02 m
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Table 10 Damage scenarios of the FE model

Damage scenario
Case 3 E5 3
Case 4 E10 18

Damage location Damage severity [%]
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Fig. 7 Predicted damage information from RSM model of each
natural frequency (E5, 3 % damage model)
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Fig. 8 Predicted damage information from RSM model of each
natural frequency (E10, 18 % damage model)
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Table 11 Information of two damage models and predicted damage information from RSM models

Simulation model
Damage model

RSM model
predicted error [%]

# of element # of damage # of element # of damage
Case 3 E5 3% E5 299 % 0.05 %
Case 4 E10 18 % E10 17.99 % 0.05 %




358 mMAE -

e A& AP AAe] ATAT F YR waln, A7)
A\ 9lel) ZAREF YT

References

Casciati, S., 2010. Statistical Approach to a SHM Benchmark
Problems. Smart Structures and Systems, 6(1), 17-27.
Faravelli, L., Casciati, S., 2004. Structural Damage Detection and
Localization by Response Change Diagnosis. Progress in

Structural Engineering and Materials, 6, 104-115.

Kim, J.T,, Ryu, YS, Jung, S.O. Choo, S.H. 2000. Pattern
Recognition of Modal Sensitivity for Structural Damage
Identification of Truss Structure. Journal of Ocean
Engineering and Technology, 14(1), 80-87.

Kim, SR, Lee, JW., Kim, BK,, Lee, ].S,, 2012. Damage Estimation
Method for Monopile Support Structure of Offshore Wind
Turbin. Transactions of the Korean Society for Noise and
Vibration Engineering, 22(7), 667-675.

Lee, ]JM.,, Lee, T.H., 2010. Statistical Space-Time Metamodels
Based on Multiple Responses Approach for Time-Variant
Dynamic Response of Structures. Transactions of the Korean
Society of Mechanical Engineers A, 34(8), 989-996.

Lee, SY., Kim, J.T,, Yi, ].H., Kang, Y.K,, 2009. Structural Health
Monitoring of Harbor Caisson-type Structures using
Harmony Search Method. Journal of Ocean Engineering and
Technology, 23(1), 122-128.

B

ol

[e]
AR

Lee, TH, Jung, JJ, Hong S, Kim, HW., Choi, ].S, 2006.
Statistical Analysis and Prediction for Behaviors of Tracked
Vehicle Traveling on Soft Soil using Response Surface
Methodology.  Journal
Technology, 20(3), 54-60.

Min, CH., Choi, ].S.,, Hong, S, Kim, HW.,, Yeu, TK, 2012
Damage Detection using Finite Element Model Updating.
Journal of Ocean Engineering and Technology, 26(5), 11-17.

Min, J., Shim, H,, Yun, CB, Yi, J.H, 2011. Impedance-based
Long-term Structural Health Monitoring for Tidal Current
Power Plant Structure in Noisy Environments. Journal of
Ocean Engineering and Technology, 25(4), 59-65.

Montgomery, D.C., 2007. Design and Analysis of Experiments.
John Wiley & Sons Inc.

Morris, M.D., Mitchell, T.J.,, 1995. Exploratory Designs for
Computational Experiments. Journal of Statistical Planning
and Inference, 43(3), 381-402.

Park, SY., Park, D.C, Kim, EH., Kim, HS, 2011. Damage
Evaluation on a Jacket Platform Structure Using Modal

Properties. Proceeding of the Twenty-first International

of Ocean Engineering and

Offshore and Polar Engineering Conference, Maui, Hawaii,
USA, 1, 245-250.

Vandiver, J.K,, 1975. Detection of structural failure on fixed
platforms by measurement of dynamic response.
Proceedings of the 7th Annual Offshore Technology
Conference, 2267.



