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AREHClE, A study on subsurface crack detection in steel decks using eddy current techniques] &
ML, BT EY, 26 ETHERINTWA.

SRS, 7 v %7 Lb— hEHEY 708 Y 752 K 0 MR U 7= S ORI E T, kiR ETH D 2
EMLERBHEICEZEHINTND., LLRRG, SRS CI, S EicmiESEH L2, R
BI72 T & AUSHE S ISR RA L, 2l EIC L DS X HOFENRME L 7p > T 7=, SRS,
a2 B A T OERNRAELRDN, B, TyF T L— ) 7 & ORI — N BRA L- 2 2HIMH
HAREEL L, F72, Ty 7L — bOWEEBICESTZHAIC, BEWREREOBNASH D720, LRk
FNHRH T 2 IR E FIEOMNL RO IV TN D, AL, ToyFdF 7 L—F EENALOFIC LY T >
7 L— FEALV— BB FEAET D ER (subsurface crack) Z#RHICHIT 2 FEOREL B L, K
NEDOERZTEFT A 720, 2LV AE AW mER (Pulsed Eddy Current Technique, PECT) BLX AW ¢
— W B W ERR (Swept Frequency Eddy Current Technique, SFECT) IZXAFIEICEB LS LIZHD
Thb.

% 1 % lntroduction] TiX, ARFIEOTE, BIE LBHEDOHRIZ OV TR, KFROBHEZRT L&
BT, KRR SLOWAMNZ DN TR TN D,

%5 2 B [ECT Feature Extraction and Probe Development] Tl¥, subsurface crack fiHdD 7=, {mEFE
#l (Eddy Current Technique, ECT) Z81F HMHIE 2 bR E A HIH T 5 FEIC OV TEHSG Y I 2 L—v
a AT KV BITRICHET L TV D, BETORER, & RMIHICIE, PECT TIIRFH IS K % BHEZLL, SFECT
TR BERIC LD AAHATILICER T ERAITHD E L, TNLORBEMHICE L7 a—7 0
g L OSHEIC OV T, BE R X O HEE OBLE O LRETL TV 5.

%5 3 & [Features Fusion and Coupled Effects of Crack Geometries] TlX, PECT 38X ONSFECT 7»6 2
FH SN TZBEZLO Y — 7 R L ONAEAZLO B — 7 il & W 5 BRE 2 T L v lAae by
BEAREL, *&mititRom E2X5 & & bic, SHOBE, R, EIFOWRIZ XL DFHRER~DRE
IZDOWTHTEIT> TN D,

%5 4 % [Numerical Study on Phase Space Analysis in ECT Signal Processing] Tl¥, PECT ¥ J OYSFECT
THUSG &N 2 HME B ISk AAAZE R 0T O I DO W TRITI 22 it 217> T\ b, 2 2 TlE, (ifeZE
FIZATIZ K 0 15 B AL D8k % 2B HIHEIEIC DWW T, SRR OmE D b B MET 217V, ACFRZER] Lo gk o
Z2{t. (Change of Phase Space Topology, CPST) &9 FHIFEIEAY, ZHMHICE L TWAZ EZBHLMNTL
TWS., £ ITHE, BMHT—ZICEEND /A ALV DEEIZONT, Wavelet BHUZ L D / A REREFH
EOHRLELEBIZV I 2 b—va VKV EREI T T 5.

%5 5 & [Experimental Study on Phase Space Analysis in ECT Signal Processing] TliZ, W& EHHEIZ%;
T DAABZER AT O MEIC DV T, & A A EA U EREIC kT 2 SRR 21TV, SEERMIICRRET L
TW5. EOfEE, PECT DHINE R & H W ARZER 58T T, RO RV CPST AL L, WEFIME
S8 2mm FREOFHE X AMNG, MHDBFRETH D Z L 2B LT\ 5. —J7, SFECT (ZAZFHZEM /347 2 3@ FH L
THEIiE, SRRHOTDIZE, AT 4 =T EORERMBFRERH D Z ERENTVD

% 6 ¥ [Conclusions and Future Works] TiX, AMEOEwmATT & &b, SHBROBEICOWVTHRART
W5,

%« WU R, FI3 2000 528 5630 300 §E 4 1 BT DT 500, b L<IEH3C 800 554 1 #fiftH L T2 &0,
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This dissertation addresses the critical issue of detecting subsurface cracks in orthotropic steel
decks using advanced Eddy Current Testing (ECT) methodologies, specifically PECT and SFECT

Integrating phase space analysis with the CPST index enhances the detection and characterization of
subsurface defects.

Chapter 1 outlines the prevalence of fatigue cracks in steel decks and the challenges of early-
stage detection. The research aims to develop and optimize ECT probe configurations and feature
extraction methods to effectively detect deep subsurface cracks.

Chapter 2 presents novel feature extraction methods for PECT and SFECT signals. The time—domain
approach for PECT normalizes the peak of the change in induced voltage, while the frequency—-domain
method for SFECT normalizes the change in phase angle. The chapter also highlights the superior
performance of a cup—core ferrite probe in balancing magnetic field intensity and detection
sensitivity

Chapter 3 introduces a fusion of PECT and SFECT features to enhance detection and create a
comprehensive damage index. It also examines the effects of various crack geometries on ECT
performance

Chapter 4 explores phase space analysis for ECT signal processing, investigating several damage
indices to enhance subsurface crack detection. The numerical analysis shows that phase space analysis
with CPST effectively identifies subtle damage patterns even in noisy conditions

Chapter 5 validates numerical findings through experimental studies on steel deck plates with
artificially induced subsurface cracks. While PECT shows high efficacy, SFECT faces limitations
related to frequency sweep and sampling rate

Chapter 6 concludes with key findings: innovative signal processing methods, optimized probe
dimensions, and the robust integration of phase space analysis with ECT. The dissertation suggests
future research in refining SFECT, enhancing probe configurations, integrating machine learning,
implementing long—term monitoring, and exploring cross—disciplinary applications

This research significantly advances structural health monitoring by providing a robust
methodological framework for detecting subsurface fatigue cracks
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This dissertation addresses the critical issue of detecting subsurface cracks in orthotropic steel
decks, primarily using advanced Eddy Current Testing (ECT) methodologies. The primary techniques
explored include Pulsed Eddy Current Testing (PECT) and Swept Frequency Eddy Current Testing (SFECT).
The study also integrates phase space analysis with the Change of Phase Space Trajectory (CPST)
index to enhance the detection and characterization of subsurface defects.

Chapter 1: Background and Objectives

The initial chapter sets the stage by discussing the prevalence of fatigue cracks in steel decks
introducing PECT and SFECT, and the challenges for detecting sensitivity at the early state of
fatigue cracks in steel decks associated with feature extraction in ECT and ECT probe development.
The chapter outlines the purpose of the research: to develop and optimize ECT probe configurations
and feature extraction methods that can effectively detect deep subsurface cracks.

Chapter 2: ECT Feature Extraction and Probe Development

This chapter delves into the development of novel feature extraction methods for PECT and SFECT
signals. For PECT, a time—domain approach normalizes the peak of the change in induced voltage,
enhancing sensitivity by mitigating noise and current variations. For SFECT, a frequency—domain
method normalizes the change in phase angle, improving clarity and defect detection accuracy. The
chapter also details the optimization of ECT probe configurations, highlighting the superior
performance of a cup—core ferrite probe, which balances magnetic field intensity and detection
sensitivity

Chapter 3: Features Fusion and Coupled Effects of Crack Geometries

Chapter three introduces a fusion of PECT and SFECT features to enhance subsurface crack detection.
This approach leverages the strengths of both methodologies, PECT and SFECT, creating a comprehensive
damage index that improves assessment reliability. The chapter also examines how various crack
geometries, such as inclination, width, length, sharp tip, non-uniform weld penetration, and rib,
affect ECT performance. It emphasizes the importance of considering these factors in both modeling
and practical applications to improve detection accuracy.

Chapter 4: Numerical Study on Phase Space Analysis in ECT Signal Processing

This chapter explores the application of phase space analysis to ECT response signal for subsurface
crack detection. It investigates several damage indices, including the RMSE, MAE, DTW, CPST, and CS
index, to enhance the detection of subsurface cracks. The numerical analysis demonstrates that phase
space analysis, combined with CPST, can effectively identify subtle damage patterns even under noisy
conditions. This method proves to be a reliable tool for practical subsurface damage detection.

Chapter 5: Experimental Study on Phase Space Analysis in ECT Signal Processing

Chapter five validates the numerical findings through experimental studies on steel deck plates with
artificially induced damage, subsurface cracks with 3 types of cracks: square notched, inclined
square notched, and semi-elliptical crack. The experiments confirm the robustness and precision of
combining PECT with phase space analysis and CPST. While PECT shows high efficacy in detecting and
characterizing subsurface cracks, SFECT faces limitations related to its frequency sweep and sampling
rate, which affect its resolution and effectiveness.




Chapter 6: Conclusions and Future Work
The dissertation concludes by summarizing the key findings:

— Innovative Signal Processing: The development of new feature extraction methods for PECT
and SFECT significantly enhances subsurface crack detection

—  Probe Optimization: The optimal dimensions for the ECT probe were identified as the most
effective for detecting subsurface defects in steel plates.

—  Phase Space Analysis: The integration of phase space analysis with ECT and the CPST index
provides a robust framework for detecting and characterizing subsurface damage, even in
noisy environments.

—  Experimental Validation: Experimental studies validate the effectiveness of PECT and phase
space analysis in practical applications, though SFECT requires further refinement to improve
its performance

The dissertation also suggests areas for future research, including:

— Refining SFECT to overcome current limitations.

—  Enhancing ECT probe configurations to prevent overheating and improve detection sensitivity

— Integrating machine learning algorithms with phase space analysis for automated defect
classification.

— Implementing in the long—term monitoring and field inspection

—  Exploring cross—disciplinary applications of the developed methodologies

Overall, this research contributes significantly to the field of structural health monitoring by
providing advanced diagnostic techniques and a methodological framework that enhances the accuracy
and reliability of existing NDT&E methods to detect subsurface fatigue crack.
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