GUIDED WAVE ULTRASONIC TESTING

GUIDED W AVE ULTRASONIC TESTING: EXPLORING THE DEPTHS OF NON-DESTRUCTIVE INSPECTION

GUIDED WAVE ULTRASONIC TESTING IS A FASCINATING AND HIGHLY EFFECTIVE NON-DESTRUCTIVE TESTING (NDT) TECHNIQUE
THAT HAS TRANSFORMED THE WAY INDUSTRIES INSPECT PIPELINES, STRUCTURES, AND CRITICAL COMPONENTS. UNLIKE
TRADITIONAL ULTRASONIC METHODS THAT USE BULK WAVES TRAVELING STRAIGHT THROUGH A MATERIAL, GUIDED WAVE
ULTRASONIC TESTING USES ULTRASONIC WAVES THAT TRAVEL ALONG THE LENGTH OF A STRUCTURE, ALLOWING INSPECTORS
TO COVER LARGE DISTANCES FROM A SINGLE TEST POINT. THIS CAPABILITY MAKES IT A POWERFUL TOOL FOR EARLY DETECTION
OF CORROSION, CRACKS, AND OTHER DEFECTS THAT COULD COMPROMISE SAFETY AND PERFORMANCE.

WHAT Is GuipED W AVE ULTRASONIC TESTING?

AT ITS CORE, GUIDED WAVE ULTRASONIC TESTING INVOLVES SENDING LOW-FREQUENCY ULTRASONIC WAVES ALONG THE
SURFACE OR WITHIN THE WALLS OF PIPES, RAILS, OR OTHER ELONGATED STRUCTURES. THESE WAVES ARE “GUIDED™ BY THE
GEOMETRY OF THE STRUCTURE, TYPICALLY TRAVELING HUNDREDS OF METERS FROM THE SOURCE. BECAUSE THEY ARE CONFINED
WITHIN THE BOUNDARIES OF THE MATERIAL, THEY CAN DETECT CHANGES SUCH AS THINNING WALLS, CORROSION PATCHES, OR
CRACKS AT GREAT DISTANCES FROM THE INSPECTION POINT.

THIS TECHNIQUE CONTRASTS WITH CONVENTIONAL ULTRASONIC TESTING, WHICH USUALLY INSPECTS LOCAL AREAS AND
REQUIRES SCANNING OVER THE ENTIRE SURFACE TO FIND DEFECTS. GUIDED WAVE TESTING EXCELS IN SCREENING LARGE AREAS
QUICKLY, MAKING IT IDEAL FOR PREVENTIVE MAINTENANCE AND EARLY-STAGE DAMAGE DETECTION.

THEe Science BeHIND GUIDED W AVE ULTRASONIC TESTING

THE SUCCESS OF GUIDED WAVE ULTRASONIC TESTING DEPENDS ON THE UNIQUE BEHAVIOR OF ULTRASONIC WAVES IN

W AVEGUIDES SUCH AS PIPES AND RAILS. W/HEN ULTRASONIC ENERGY IS INTRODUCED INTO THESE STRUCTURES, SEVERAL WAVE
MODES CAN PROPAGATE, INCLUDING LONGITUDINAL, TORSIONAL, AND FLEXURAL WAVES. EACH MODE INTERACTS WITH DEFECTS
DIFFERENTLY, AND UNDERSTANDING THESE INTERACTIONS IS KEY TO INTERPRETING THE RESULTS.

Tvypres oF GUIDED W AVES

- **|_ONGITUDINAL W AVES:** PARTICLE MOTION IS PARALLEL TO THE DIRECTION OF WAVE PROPAGATION. THESE WAVES ARE
SENSITIVE TO CHANGES IN THICKNESS AND INTERNAL DEFECTS.

- **TorsIoNAL WAVES:** INVOLVE TWISTING MOTION AROUND THE AXIS OF THE STRUCTURE AND ARE OFTEN USED FOR
THEIR NON-DISPERSIVE PROPERTIES, LEADING TO SIMPLER SIGNAL INTERPRETATION.

- **¥ELEXURAL W AVES:** CAUSE BENDING MOTION AND ARE MORE COMPLEX BUT CAN PROVIDE ADDITIONAL INFORMATION
ABOUT CERTAIN DEFECT TYPES.

SELECTING THE APPROPRIATE WAVE MODE AND FREQUENCY IS CRITICAL TO OPTIMIZING DEFECT DETECTION SENSITIVITY AND
RANGE.

APPLICATIONS ofF GUIDED W AVE ULTRASONIC TESTING

GUIDED WAVE ULTRASONIC TESTING HAS FOUND WIDESPREAD USE ACROSS MULTIPLE SECTORS, PARTICULARLY WHERE LARGE,
INACCESSIBLE, OR BURIED STRUCTURES NEED INSPECTION.



PIPELINE INSPECTION

ONE OF THE MOST COMMON USES IS IN THE OIL AND GAS INDUSTRY FOR INSPECTING BURIED OR UNDERWATER PIPELINES. BECAUSE
GUIDED WAVES CAN TRAVEL LONG DISTANCES, INSPECTORS CAN DETECT CORROSION OR CRACKS WITHOUT EXCAVATING LARGE
SECTIONS. THIS APPROACH SAVES TIME AND MONEY WHILE ENHANCING SAFETY BY IDENTIFYING PROBLEMS BEFORE THEY
ESCALATE.

STRUCTURAL HEALTH MONITORING

BRIDGES, RAILS, AND STORAGE TANKS ALSO BENEFIT FROM GUIDED WAVE ULTRASONIC TESTING. [T ALLOWS FOR ROUTINE
SCREENING OF CRITICAL INFRASTRUCTURE COMPONENTS, PROVIDING EARLY \WARNINGS OF DETERIORATION OR DAMAGE THAT
COULD LEAD TO CATASTROPHIC FAILURES.

FABRICATION AND MAINTENANCE

DURING MANUFACTURING OR MAINTENANCE, GUIDED WAVE TESTING CAN QUICKLY VERIFY WELD INTEGRITY OR DETECT HIDDEN
FLAWS IN COMPLEX ASSEMBLIES, CONTRIBUTING TO IMPROVED QUALITY CONTROL.

ADVANTAGES oF GUIDED W AVE ULTRASONIC TESTING

THERE ARE SEVERAL REASONS WHY GUIDED WAVE ULTRASONIC TESTING HAS GAINED POPULARITY AMONG NDT PROFESSIONALS:
¢ LONG-RANGE INSPECTION: |T COVERS EXTENSIVE LENGTHS OF STRUCTURES FROM A SINGLE TEST LOCATION, REDUCING
THE NEED FOR MULTIPLE ACCESS POINTS.

o CoST-EFFECTIVE: LESS LABOR-INTENSIVE AND REQUIRES FEWER RESOURCES COMPARED TO TRADITIONAL SCANNING
METHODS.

* NON-INVASIVE: THE TECHNIQUE DOES NOT REQUIRE DIRECT ACCESS TO THE WHOLE STRUCTURE OR SURFACE
PREPARATION.

o EARLY DerecT DeTECTION: CAPABLE OF IDENTIFYING CORROSION, PITTING, AND CRACKING BEFORE THEY BECOME SEVERE.

® VERSATILITY: SUITABLE FOR A WIDE RANGE OF MATERIALS, INCLUDING STEEL, ALUMINUM, AND COMPOSITES.

CHALLENGES AND LIMITATIONS

\W/HILE GUIDED WAVE ULTRASONIC TESTING OFFERS IMPRESSIVE BENEFITS, IT ALSO COMES WITH CERTAIN CHALLENGES. THE
INTERPRETATION OF SIGNALS CAN BE COMPLEX DUE TO WAVE MODE CONVERSIONS, REFLECTIONS, AND DISPERSION EFFECTS.
ENVIRONMENTAL NOISE AND VARYING PIPE CONDITIONS, SUCH AS COATINGS OR INSULATION, MAY AFFECT SIGNAL QUALITY.
ADDITIONALLY, THE TECHNIQUE IS MORE SUITED FOR RELATIVELY SIMPLE GEOMETRIES—COMPLEX STRUCTURES MIGHT REQUIRE
COMPLEMENTARY NDT METHODS.

To OVERCOME THESE CHALLENGES, SKILLED OPERATORS WITH A DEEP UNDERSTANDING OF ULTRASONIC WAVE PHYSICS AND
ADV ANCED SIGNAL PROCESSING SOFTW ARE ARE ESSENTIAL.



Tips For EFFecTIVE GUIDED W AVE ULTRASONIC TESTING

o PropPER CALIBRATION: CALIBRATE EQUIPMENT USING KNOWN REFERENCE STANDARDS TO ENSURE ACCURATE DEFECT SIZING
AND LOCATION.

® MobE SELECTION: CHOOSE THE CORRECT WAVE MODE AND FREQUENCY TAILORED TO THE STRUCTURE AND DEFECT TYPE.

* ENVIRONMENTAL CONSIDERATIONS: ACCOUNT FOR COATINGS, INSULATION, TEMPERATURE, AND OTHER FACTORS THAT
MAY INFLUENCE WAVE PROPAGATION.

* DATA ANALYSIS: USE ADVANCED SIGNAL PROCESSING TECHNIQUES AND SOFTWARE TO INTERPRET COMPLEX SIGNALS
EFFECTIVELY.

® REGULAR TRAINING: MAINTAIN OPERATOR PROFICIENCY THROUGH ONGOING EDUCATION AND HANDS-ON EXPERIENCE.

THe FUTURE oF GUIDED W AVE ULTRASONIC TESTING

AS INDUSTRIES CONTINUE TO PRIORITIZE SAFETY AND COST EFFICIENCY, GUIDED WAVE ULTRASONIC TESTING IS POISED FOR
FURTHER INNOVATION. ADVANCES IN PHASED ARRAY TECHNOLOGY, MACHINE LEARNING, AND ROBOTICS ARE ENHANCING THE
PRECISION AND AUTOMATION OF INSPECTIONS. FOR EXAMPLE, INTEGRATING GUIDED WAVE TESTING WITH DRONES OR ROBOTIC
CRAWLERS ALLOWS ACCESS TO PREVIOUSLY UNREACHABLE AREAS, MAKING INSPECTIONS SAFER AND MORE COMPREHENSIVE.

MOREOVER, COMBINING GUIDED WAVE ULTRASONIC TESTING WITH OTHER NDT METHODS SUCH AS RADIOGRAPHY, MAGNETIC
FLUX LEAKAGE, OR EDDY CURRENT TESTING PROVIDES A MORE HOLISTIC VIEW OF ASSET INTEGRITY, ENABLING SMARTER
MAINTENANCE DECISIONS.

IN THE WORLD OF NON-DESTRUCTIVE EVALUATION, GUIDED WAVE ULTRASONIC TESTING STANDS OUT AS A VERSATILE AND
EFFICIENT METHOD FOR SAFEGUARDING CRITICAL INFRASTRUCTURE. |TS ABILITY TO DETECT HIDDEN DEFECTS OVER LONG
DISTANCES FROM A SINGLE TEST POINT NOT ONLY SAVES TIME AND MONEY BUT ALSO PLAYS A VITAL ROLE IN PREVENTING
FAILURES AND ENSURING OPERATIONAL RELIABILITY. W/HETHER YOU’RE RESPONSIBLE FOR PIPELINE MAINTENANCE, STRUCTURAL
HEALTH MONITORING, OR QUALITY CONTROL IN MANUFACTURING, UNDERSTANDING AND LEVERAGING GUIDED WAVE ULTRASONIC
TESTING CAN BE A GAME~CHANGER IN YOUR INSPECTION TOOLKIT.

FREQUENTLY AskeD QUESTIONS

\WHAT IS GUIDED WAVE ULTRASONIC TESTING?

GUIDED WAVE ULTRASONIC TESTING (G\X/UT) IS A NONDESTRUCTIVE TESTING TECHNIQUE THAT USES LOW ~-FREQUENCY
ULTRASONIC WAVES GUIDED ALONG THE LENGTH OF A STRUCTURE, SUCH AS PIPES OR RAILS, TO DETECT DEFECTS OVER LONG
DISTANCES.

How DOES GUIDED WAVE ULTRASONIC TESTING \WORK?

GWUT WORKS BY SENDING ULTRASONIC WAVES INTO A STRUCTURE, WHICH ARE GUIDED ALONG THE MATERIAL BY ITS
GEOMETRY. REFLECTIONS FROM DEFECTS OR CHANGES IN MATERIAL PROPERTIES ARE DETECTED AND ANALYZED TO IDENTIFY AND
LOCATE FLAWS.



\WHAT ARE THE MAIN APPLICATIONS OF GUIDED WAVE ULTRASONIC TESTING?

GWUT IS PRIMARILY USED FOR INSPECTING PIPELINES, STORAGE TANKS, RAILS, AND STRUCTURAL ELEMENTS IN INDUSTRIES LIKE
OIL AND GAS, POWER GENERATION, AND TRANSPORTATION TO DETECT CORROSION, CRACKS, AND OTHER DEFECTS.

\WHAT ARE THE ADVANTAGES OF GUIDED WAVE ULTRASONIC TESTING OVER
CONVENTIONAL ULTRASONIC TESTING?

GWUT CAN INSPECT LONG LENGTHS OF MATERIAL FROM A SINGLE TEST POINT, REDUCING INSPECTION TIME AND COSTS. IT1s
ALSO CAPABLE OF DETECTING DEFECTS IN AREAS THAT ARE DIFFICULT TO ACCESS WITH CONVENTIONAL ULTRASONIC TESTING.

\WHAT TYPES OF DEFECTS CAN GUIDED WAVE ULTRASONIC TESTING DETECT?

GWUT CAN DETECT CORROSION, PITTING, CRACKS, WELD DEFECTS, AND OTHER DISCONTINUITIES THAT AFFECT THE
PROPAGATION OF GUIDED ULTRASONIC WAVES WITHIN THE TESTED STRUCTURE.

\WHAT MATERIALS ARE SUITABLE FOR GUIDED WAVE ULTRASONIC TESTING?

GWUT IS MOST EFFECTIVE ON ELONGATED STRUCTURES MADE OF METALS SUCH AS STEEL, ALUMINUM, AND COMPOSITES WITH
CONSISTENT GEOMETRY, INCLUDING PIPES, RAILS, AND PLATES.

\WHAT ARE THE LIMITATIONS OF GUIDED WAVE ULTRASONIC TESTING?

LIMITATIONS INCLUDE REDUCED SENSITIVITY TO SMALL OR VERY LOCALIZED DEFECTS, DIFFICULTY IN INTERPRETING COMPLEX
SIGNALS, AND CHALLENGES WHEN INSPECTING STRUCTURES WITH VARYING GEOMETRY OR HEAVY COATINGS.

How 1S DATA INTERPRETED IN GUIDED WAVE ULTRASONIC TESTING?

DATA FROM GWUT IS ANALYZED BY EXAMINING THE TIME-OF-FLIGHT AND AMPLITUDE OF REFLECTED WAVES. SIGNAL
PROCESSING TECHNIQUES AND SOFTW ARE HELP IDENTIFY THE LOCATION, SIZE, AND TYPE OF DEFECTS BASED ON WAVE
REFLECTIONS AND MODE CONVERSIONS.

ADDITIONAL RESOURCES

GuIiDED W AVE ULTRASONIC TESTING: A CRITICAL EVALUATION OF ITS APPLICATIONS AND EFFECTIVENESS

GUIDED WAVE ULTRASONIC TESTING (GWUT) HAS EMERGED AS A PIVOTAL NON-DESTRUCTIVE TESTING (NDT) TECHNIQUE IN
THE FIELD OF INDUSTRIAL INSPECTION, PARTICULARLY FOR ASSESSING THE INTEGRITY OF PIPELINES, STORAGE TANKS, AND OTHER
CRITICAL INFRASTRUCTURE. BY LEVERAGING ULTRASONIC WAVES THAT ARE GUIDED ALONG THE STRUCTURE BEING INSPECTED,
THIS TECHNOLOGY OFFERS A UNIQUE BLEND OF LONG-RANGE INSPECTION CAPABILITIES AND SENSITIVITY TO DEFECTS THAT
CONVENTIONAL ULTRASONIC TESTING METHODS MAY NOT ACHIEVE. AS INDUSTRIES PRIORITIZE SAFETY, COST-EFFICIENCY, AND
OPERATIONAL UPTIME, GUIDED WAVE ULTRASONIC TESTING CONTINUES TO GAIN TRACTION AS A VITAL TOOL FOR EARLY
DETECTION OF CORROSION, CRACKS, AND OTHER STRUCTURAL ANOMALIES.

UNDERSTANDING GUIDED W AVE ULTRASONIC TESTING

GUIDED WAVE ULTRASONIC TESTING OPERATES ON THE PRINCIPLE OF SENDING LOW-FREQUENCY ULTRASONIC WAVES ALONG THE
LENGTH OF A STRUCTURE. UNLIKE TRADITIONAL ULTRASONIC TESTING, WHICH OFTEN FOCUSES ON LOCALIZED AREAS, GWUT
EXPLOITS THE WAVEGUIDE EFFECT—WHERE WAVES ARE CONFINED WITHIN THE BOUNDARIES OF A STRUCTURE SUCH AS A PIPE OR
RAIL—TO COVER EXTENSIVE DISTANCES FROM A SINGLE TEST POINT. THIS CHARACTERISTIC ALLOWS OPERATORS TO INSPECT
HUNDREDS OF METERS OF PIPELINE OR STRUCTURAL ELEMENTS WITH MINIMAL ACCESS POINTS, SIGNIFICANTLY REDUCING
DOWNTIME AND INSPECTION COSTS.



THE TECHNOLOGY TYPICALLY EMPLOYS PIEZOELECTRIC TRANSDUCERS OR ELECTROMAGNETIC ACOUSTIC TRANSDUCERS
(EMATS) TO GENERATE AND RECEIVE THE GUIDED WAVES. THESE WAVES PROPAGATE IN VARIOUS MODES, EACH WITH DIFFERENT
SENSITIVITIES TO DEFECTS AND GEOMETRIC FEATURES. BY ANALYZING THE REFLECTIONS AND MODE CONVERSIONS CAUSED BY
DISCONTINUITIES, INSPECTORS CAN IDENTIFY THE PRESENCE AND APPROXIMATE LOCATION OF ANOMALIES.

Key FEATURES AND ADVANTAGES

GUIDED WAVE ULTRASONIC TESTING SHOWCASES SEVERAL DISTINCTIVE FEATURES THAT CONTRIBUTE TO ITS GROWING
ADOPTION:

o |_ONG-RANGE INSPECTION: GW/UT CAN SURVEY SEVERAL TENS TO HUNDREDS OF METERS FROM A SINGLE TRANSDUCER
SETUP, MAKING IT HIGHLY EFFICIENT FOR LARGE-SCALE INFRASTRUCTURE.

¢ MINIMAL SURFACE PREPARATION: UNLIKE SOME OTHER INSPECTION METHODS, GUIDED WAVE TESTING OFTEN REQUIRES
LESS STRINGENT SURFACE CONDITION, ALLOWING FOR FASTER DEPLOYMENT.

o COST-EFFECTIVENESS: BY MINIMIZING THE NUMBER OF INSPECTION POINTS AND DOWNTIME, GWUT REDUCES LABOR AND
OPERATIONAL EXPENSES.

o EARLY DEFECT DETECTION: IT CAN IDENTIFY CORROSION, PITTING, AND CRACKS BEFORE THEY DEVELOP INTO CRITICAL
FAILURES.

APPLICATIONS ACROSS INDUSTRIES

THE VERSATILITY OF GUIDED WAVE ULTRASONIC TESTING HAS LED TO WIDESPREAD USE IN VARIOUS SECTORS. TS ABILITY TO
INSPECT LONG PIPELINES AND INACCESSIBLE AREAS WITHOUT DISMANTLING STRUCTURES MAKES IT INDISPENSABLE IN SEVERAL
CONTEXTS.

PIPELINE INTEGRITY MANAGEMENT

IN oIL AND GAS, PETROCHEMICAL, AND WATER DISTRIBUTION SYSTEMS, PIPELINE FAILURES CAN RESULT IN CATASTROPHIC
ENVIRONMENTAL AND FINANCIAL CONSEQUENCES. GW/UT SERVES AS AN EARLY WARNING SYSTEM TO DETECT CORROSION AND
MECHANICAL DAMAGE ALONG BURIED OR INSULATED PIPELINES. TRADITIONAL INSPECTION METHODS OFTEN REQUIRE EXCAVATION
OR REMOVAL OF INSULATION; HOWEVER, GUIDED WAVE TECHNIQUES CAN INSPECT UNDERNEATH COATINGS AND INSULATION,
SIGNIFICANTLY IMPROVING EFFICIENCY.

STORAGE T ANKS AND PRESSURE VESSELS

STORAGE TANKS AND PRESSURE VESSELS ARE SUSCEPTIBLE TO CORROSION, ESPECIALLY AT THE BASE AND WELDS. GUIDED
WAVE ULTRASONIC TESTING CAN SCAN THESE COMPONENTS FROM ACCESSIBLE POINTS, IDENTIFYING THINNING OR DEFECTS
WITHOUT THE NEED TO EMPTY OR DISMANTLE THE STRUCTURES, THUS PRESERVING OPERATIONAL CONTINUITY.

RAIL AND STRUCTURAL STEEL INSPECTION

RAILWAY MAINTENANCE BENEFITS FROM GW/UT BY ENABLING RAPID INSPECTION OF RAILS FOR INTERNAL FLAWS ALONG LONG
DISTANCES. SIMILARLY, STRUCTURAL STEEL ELEMENTS IN BRIDGES AND BUILDINGS CAN BE MONITORED FOR FATIGUE CRACKS AND



CORROSION, CONTRIBUTING TO PROACTIVE MAINTENANCE STRATEGIES.

TecHNICAL CONSIDERATIONS AND LIMITATIONS

W/HILE GUIDED WAVE ULTRASONIC TESTING OFFERS NUMEROUS ADVANTAGES, IT IS NOT WITHOUT CHALLENGES. UNDERSTANDING
THESE TECHNICAL CONSIDERATIONS IS ESSENTIAL FOR APPROPRIATE APPLICATION AND INTERPRETATION OF RESULTS.

W AVE MoDE SELECTION AND COMPLEXITY

GUIDED WAVES PROPAGATE IN MULTIPLE MODES—LONGITUDINAL, TORSIONAL, AND FLEXURAL—EACH WITH DISTINCT
VELOCITIES AND SENSITIVITIES. SELECTING THE APPROPRIATE MODE REQUIRES EXPERTISE AND DEPENDS ON THE GEOMETRY AND
MATERIAL OF THE TEST OBJECT. T HE PRESENCE OF COMPLEX WAVE MODES CAN COMPLICATE SIGNAL INTERPRETATION, DEMANDING
ADV ANCED SIGNAL PROCESSING AND OPERATOR PROFICIENCY.

RESOLUTION AND SENSITIVITY TRADE-OFFS

ALTHoUGH GWUT CAN COVER LONG DISTANCES, ITS SPATIAL RESOLUTION IS GENERALLY LOWER THAN THAT OF
CONVENTIONAL ULTRASONIC TESTING. SMALL DEFECTS MAY GO UNDETECTED IF THEY FALL BELOW THE RESOLUTION THRESHOLD.
ADDITIONALLY, THE METHOD IS MORE SENSITIVE TO DEFECTS THAT CAUSE SIGNIFICANT CHANGES IN WAVE REFLECTION, SUCH AS
CORROSION OR LARGE CRACKS, BUT LESS SO TO MINOR FLAWS.

INFLUENCE OF ENVIRONMENTAL FACTORS

EXTERNAL CONDITIONS SUCH AS TEMPERATURE VARIATIONS, SURFACE ROUGHNESS, AND MATERIAL HETEROGENEITY CAN AFFECT
WAVE PROPAGATION AND SIGNAL QUALITY. For INSTANCE, COATINGS AND INSULATION, WHILE PENETRABLE BY GUIDED WAVES,
MAY ATTENUATE SIGNALS TO SOME EXTENT, POTENTIALLY IMPACTING DETECTION CAPABILITIES.

CALIBRATION AND STANDARDIZATION

EFFECTIVE APPLICATION OF GUIDED WAVE ULTRASONIC TESTING REQUIRES CAREFUL CALIBRATION TAILORED TO THE SPECIFIC
MATERIAL AND GEOMETRY. ALTHOUGH STANDARDS AND GUIDELINES EXIST—SUCH AS THOSE FROM ASME AND
ISO—VARIATIONS IN EQUIPMENT AND PROCEDURES CAN AFFECT CONSISTENCY ACROSS INSPECTIONS.

CoMPARATIVE INSIGHTS: GUIDED W AVE ULTRASONIC TESTING VS.
CoNVENTIONAL METHODS

THE CHOICE BETWEEN GUIDED WAVE ULTRASONIC TESTING AND OTHER NDT METHODS DEPENDS ON INSPECTION OBJECTIVES,
ASSET CHARACTERISTICS, AND OPERATIONAL CONSTRAINTS.

o ConvenTioNAL ULTRASONIC TESTING (UT): UT OFFERS HIGH-RESOLUTION DETECTION WITHIN LOCALIZED AREAS BUT
REQUIRES DIRECT ACCESS AND SURFACE PREPARATION. |T IS IDEAL FOR DETAILED CHARACTERIZATION OF KNOWN DEFECTS
BUT LESS EFFICIENT FOR SCREENING EXTENSIVE LENGTHS.

¢ RADIOGRAPHIC TESTING (ET) RT PROVIDES VISUAL IMAGING OF INTERNAL STRUCTURES AND IS SENSITIVE TO



VOLUMETRIC DEFECTS BUT INVOLVES RADIATION SAFETY CONCERNS AND HIGHER COSTS.

o MAGNETIC FLUX LeAkAGE (MFL): MFL IS EFFECTIVE FOR DETECTING CORROSION AND PITTING IN FERROMAGNETIC
MATERIALS BUT IS LIMITED TO ACCESSIBLE SURFACES AND MAY BE AFFECTED BY COATINGS.

o Guipep WAVE ULTRASONIC TESTING: GWUT FILLS THE GAP BY ENABLING LONG-RANGE, RAPID SCREENING WITH
MODERATE RESOLUTION, SERVING AS AN EFFECTIVE FIRST-LINE INSPECTION TOOL TO IDENTIFY AREAS REQUIRING FURTHER
DETAILED EXAMINATION.

INTEGRATION INTO ASSET INTEGRITY PROGRAMS

MANY ORGANIZATIONS ADOPT A MULTI-TIERED INSPECTION APPROACH, USING GUIDED WAVE ULTRASONIC TESTING FOR INITIAL
SCREENING AND COMPLEMENTING IT WITH LOCALIZED, HIGH-RESOLUTION METHODS FOR DETAILED EVALUATION. THIS APPROACH
OPTIMIZES RESOURCE ALLOCATION BY FOCUSING INTENSIVE INSPECTION EFFORTS WHERE ANOMALIES ARE DETECTED.

EMERGING TRENDS AND FUTURE DIRECTIONS

THE EVOLUTION OF GUIDED WAVE ULTRASONIC TESTING IS DRIVEN BY ADVANCES IN SENSOR TECHNOLOGY, SIGNAL PROCESSING,
AND DATA ANALYTICS. RECENT DEVELOPMENTS INCLUDE:

® PHASED-ARRAY GUIDED WAVE SYSTEMS: THESE ENABLE SELECTIVE MODE EXCITATION AND ENHANCED DEFECT
CHARACTERIZATION, IMPROVING ACCURACY.

* INTEGRATION WITH ROBOTICS AND DRONES: AUTOMATED PLATFORMS FACILITATE INSPECTIONS IN HAZARDOUS OR HARD-
TO-REACH ENVIRONMENTS.

¢ ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING: THESE TOOLS IMPROVE INTERPRETATION OF COMPLEX SIGNALS,
REDUCING OPERATOR DEPENDENCY AND ENHANCING RELIABILITY.

¢ MATERIAL-SPECIFIC CALIBRATION DATABASES: EXPANDING DATABASES ALLOW FOR MORE PRECISE DIAGNOSTICS ACROSS
DIVERSE MATERIALS AND GEOMETRIES.

AS INFRASTRUCTURE AGES AND REGULATORY DEMANDS INCREASE, THE ROLE OF GUIDED WAVE ULTRASONIC TESTING IS POISED
TO EXPAND, SUPPORTING SAFER AND MORE COST-EFFECTIVE ASSET MANAGEMENT.

GUIDED WAVE ULTRASONIC TESTING STANDS AS A SOPHISTICATED, VERSATILE METHOD THAT BALANCES INSPECTION COVERAGE
WITH PRACTICAL FEASIBILITY. ITS ADOPTION ACROSS INDUSTRIES UNDERSCORES THE NECESSITY FOR NON-DESTRUCTIVE
EVALUATION TECHNIQUES CAPABLE OF ADDRESSING THE CHALLENGES POSED BY LARGE-SCALE AND COMPLEX ASSETS. WHILE IT
DOES NOT REPLACE TRADITIONAL METHODS ENTIRELY, ITS STRATEGIC USE WITHIN COMPREHENSIVE INSPECTION FRAME\W ORKS
ENHANCES OVERALL ASSET INTEGRITY ASSURANCE.

Guided Wave Ultrasonic Testing
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guided wave ultrasonic testing: Ultrasonic Guided Waves Cliff Lissenden, 2020-03-17 The
propagation of ultrasonic guided waves in solids is an important area of scientific inquiry, primarily
due to their practical applications for nondestructive characterization of materials, such as
nondestructive inspection, quality assurance testing, structural health monitoring, and providing a
material state awareness. This Special Issue of Applied Sciences covers all aspects of ultrasonic
guided waves (e.g., phased array transducers, meta-materials to control wave propagation
characteristics, scattering, attenuation, and signal processing techniques) from the perspective of
modeling, simulation, laboratory experiments, or field testing. In order to fully utilize ultrasonic
guided waves for these applications, it is necessary to have a firm grasp of their requisite
characteristics, which include that they are multimodal, dispersive, and are comprised of unique
displacement profiles through the thickness of the waveguide.

guided wave ultrasonic testing: Fundamentals of Ultrasonic Testing Chunguang Xu,
Weibin Li, 2024-08-01 Focusing on the theory and state-of-the-art technologies of ultrasonic testing
(UT), this book examines ultrasonic propagation in solids and its detection applications, and explores
the intersection of UT technology with various fields of electromagnetics, optics and physics. UT is
one of the most widely used nondestructive testing techniques due to its high performance in terms
of detection efficiency and safety. The rapid development of modern industrial products and
technologies has created a new challenge and demand for ultrasonic nondestructive testing
technology. This book introduces the fundamentals of UT, including sound wave and sound field,
interface wave theory and liquid-solid coupled sound field. It then discusses various types of UT
methods, ranging from the critically refracted longitudinal wave method to ultrasonic surface wave
and ultrasonic guided wave detection methods. Some newly developed UT techniques are also
discussed, including phased-array UT, high-frequency UT and non-contact UT. This title will appeal
to engineering students and technicians in the field of ultrasonic nondestructive testing.

guided wave ultrasonic testing: Ultrasonic Guided Waves in Solid Media Joseph L. Rose,
2014-08-11 Ultrasonic guided waves in solid media are important in nondestructive testing and
structural health monitoring, as new faster, more sensitive, and economical ways of looking at
materials and structures have become possible. This book can be read by managers from a black box
point of view, or used as a professional reference or textbook.

guided wave ultrasonic testing: Industrial Ultrasonic Inspection: Levels 1 and 2 Ryan Chaplin,
2017-05-16 Ultrasonic testing (UT) has been an accepted practice of inspection in industrial
environments for decades. This book, Industrial Ultrasonic Inspection, is designed to meet and
exceed ISO 9712 training requirements for Level 1 and Level 2 certification. The material presented
in this book will provide readers with all the basic knowledge of the theory behind elastic wave
propagation and its uses with the use of easy to read text and clear pictorial descriptions. Discussed
UT concepts include: - General engineering, materials, and components theory - Theory of sound
waves and their propagation - The general uses of ultrasonic waves - Comprehensive lab section -
Methods of ultrasonic wave generation - Different ultrasonic inspection techniques - Ultrasonic flaw
detectors, scanning systems, and probes - Calibration fundamentals - General scanning techniques -
Flaw sizing techniques - Basic analysis for ultrasonic, phased array ultrasonic, and time of flight
diffraction inspection techniques - Codes and standards - Principles of technical documentation and
reporting It is my intention that this book is used for general training purposes. It is the ideal
classroom textbook. -Ryan Chaplin

guided wave ultrasonic testing: Nondestructive Testing and Evaluation of Fiber-Reinforced
Composite Structures Shuncong Zhong, Walter Nsengiyumva, 2022-04-01 This book presents a
detailed description of the most common nondestructive testing(NDT) techniques used for the
testing and evaluation fiber-reinforced composite structures, during manufacturing and/or in service
stages. In order to facilitate the understanding and the utility of the different NDT techniques
presented, the book first provides some information regarding the defects and material degradation
mechanisms observed in fiber-reinforced composite structures as well as their general description




and most probable causes. It is written based on the extensive scientific research and engineering
backgrounds of the authors in the NDT and structural health monitoring (SHM) of structural
systems from various areas including electrical, mechanical, materials, civil and biomedical
engineering. Pursuing a rigorous approach, the book establishes a fundamental framework for the
NDT of fiber-reinforced composite structures, while emphasizing on the importance of technique’s
spatial resolution, integrated systems analysis and the significance of the influence stemming from
the applicability of the NDT and the physical parameters of the test structures in the selection and
utilization of adequate NDT techniques. The book is intended for students who are interested in the
NDT of fiber-reinforced composite structures, researchers investigating the applicability of different
NDT techniques to the inspections of structural systems, and NDT researchers and engineers
working on the optimization of NDT systems for specific applications involving the use of
fiber-reinforced composite structures.

guided wave ultrasonic testing: Electromagnetic Ultrasonic Guided Waves Songling
Huang, Shen Wang, Weibin Li, Qing Wang, 2016-03-18 This book introduces the fundamental theory
of electromagnetic ultrasonic guided waves, together with its applications. It includes the dispersion
characteristics and matching theory of guided waves; the mechanism of production and theoretical
model of electromagnetic ultrasonic guided waves; the effect mechanism between guided waves and
defects; the simulation method for the entire process of electromagnetic ultrasonic guided wave
propagation; electromagnetic ultrasonic thickness measurement; pipeline axial guided wave defect
detection; and electromagnetic ultrasonic guided wave detection of gas pipeline cracks. This theory
and findings on applications draw on the author’s intensive research over the past eight years. The
book can be used for nondestructive testing technology and as an engineering reference work. The
specific implementation of the electromagnetic ultrasonic guided wave system presented here will
also be of value for other nondestructive test developers.

guided wave ultrasonic testing: Handbook of Structural Life Assessment Raouf A.
Ibrahim, 2017-03-29 This important, self-contained reference deals with structural life assessment
(SLA) and structural health monitoring (SHM) in a combined form. SLA periodically evaluates the
state and condition of a structural system and provides recommendations for possible maintenance
actions or the end of structural service life. It is a diversified field and relies on the theories of
fracture mechanics, fatigue damage process, and reliability theory. For common structures, their life
assessment is not only governed by the theory of fracture mechanics and fatigue damage process,
but by other factors such as corrosion, grounding, and sudden collision. On the other hand, SHM
deals with the detection, prediction, and location of crack development online. Both SLA and SHM
are combined in a unified and coherent treatment.

guided wave ultrasonic testing: Non-Destructive Testing. Guided Wave Testing. Basic
Requirements for Guided Wave Testing of Pipes, Pipelines and Structural Tubulars British
Standards Institute Staff, 1911-10-31 Non-destructive testing, Guided wave testing, Ultrasonic
testing, Sonic testing, Ultrasonics, Stress, Waves, Pipes, Pipelines, Steels, Fluids, Structural
members, Structural systems, Tubular shape, Documents, Test equipment, Data processing

guided wave ultrasonic testing: Pipeline Inspection and Health Monitoring Technology
Hongfang Lu, Zhao-Dong Xu, Tom Iseley, Haoyan Peng, Lingdi Fu, 2023-01-03 This book includes six
chapters aiming to introduce global pipeline inspection and health monitoring technologies
comprehensively. The pipeline is the blood vessel of the energy system and a vital lifeline project.
After many years of service, the pipeline gradually enters the aging stage. Pipeline inspection and
health monitoring can effectively reduce the failure and accident risks of the pipeline, and it is
conducive to integrity management. Through case analysis, practitioners can have a deeper
understanding of the application of related technologies.

guided wave ultrasonic testing: Production Course for Hiring on Offshore Oil and Gas Rigs
Petrogav International, This course provides a non-technical overview of the phases, operations and
terminology used on offshore oil and gas rigs. It is intended also for non-production personnel who
work in the offshore drilling, exploration and production industry. This includes marine and logistics



personnel, accounting, administrative and support staff, environmental professionals, etc. No prior
experience or knowledge of drilling operations is required. This course will provide participants a
better understanding of the issues faced in all aspects of production operations, with a particular
focus on the unique aspects of offshore operations.

guided wave ultrasonic testing: Mechanics of Structures and Materials XXIV Hong Hao,
Chunwei Zhang, 2019-08-08 Mechanics of Structures and Materials: Advancements and Challenges
is a collection of peer-reviewed papers presented at the 24th Australasian Conference on the
Mechanics of Structures and Materials (ACMSM?24, Curtin University, Perth, Western Australia, 6-9
December 2016). The contributions from academics, researchers and practising engineers from
Australasian, Asia-pacific region and around the world, cover a wide range of topics, including:
Structural mechanics * Computational mechanics * Reinforced and prestressed concrete structures
* Steel structures * Composite structures ¢ Civil engineering materials ¢ Fire engineering ¢ Coastal
and offshore structures * Dynamic analysis of structures ¢ Structural health monitoring and damage
identification ¢ Structural reliability analysis and design ¢ Structural optimization ¢ Fracture and
damage mechanics ¢ Soil mechanics and foundation engineering * Pavement materials and
technology * Shock and impact loading ¢ Earthquake loading ¢ Traffic and other man-made loadings
* Wave and wind loading ¢ Thermal effects * Design codes Mechanics of Structures and Materials:
Advancements and Challenges will be of interest to academics and professionals involved in
Structural Engineering and Materials Science.

guided wave ultrasonic testing: New Technologies in Electromagnetic Non-destructive
Testing Songling Huang, Shen Wang, 2016-03-05 This book introduces novel developments in the
field of electromagnetic non-destructive testing and evaluation (NDT/E). The topics include
electromagnetic ultrasonic guided wave testing, pulsed eddy current testing, remote field eddy
current testing, low frequency eddy current testing, metal magnetic memory testing, and magnetic
flux leakage testing. Considering the increasing concern about the safety maintenance of critical
structures in various industries and everyday life, these topics presented here will be of particular
interest to the readers in the NDT/E field. This book covers both theoretical researches and the
engineering applications of the electromagnetic NDT technology. It could serve as a valuable
reference for college students and relevant NDT technicians. It is also a useful material for
qualification training and higher learning for nondestructive testing professionals.

guided wave ultrasonic testing: Developments in Renewable Energies Offshore Guedes
Soares Carlos, 2020-10-12 Developments in Renewable Energies Offshore contains the papers
presented at the 4th International Conference on Renewable Energies Offshore (RENEW 2020,
Lisbon, Portugal, 12 - 15 October 2020). The book covers a wide range of topics, including: resource
assessment; wind energy; wave energy; tidal energy; ocean energy devices; multiuse platforms; PTO
design; grid connection; economic assessment; materials and structural design; installation planning
and maintenance planning. The book will be invaluable to professionals and academics involved or
interested in Offshore Engineering, and Renewable and Wind Energy.

guided wave ultrasonic testing: Nonlinear Sound Waves in Solids Xiaozhou Liu,
2025-07-28 This book highlights the fundamental principles and analytical methods of nonlinear
acoustics in solids, with a focus on the theories and applications of nonlinear acoustics in ultrasonic
non-destructive testing and metamaterials. The text is designed to provide readers with a deep
understanding of how nonlinear acoustic phenomena manifest in various material contexts, from
crystalline structures to complex composites. Suitable for readers in the fields of acoustics,
materials science, and engineering, this book can advance the development of nonlinear acoustics
theory and promote its applications in non-destructive testing, materials sciences, and related areas.

guided wave ultrasonic testing: Power Plants in the Industry Tolga Taner, 2019-02-06 The
main aim of this study is to present power plants for all fields of industry. The chapters collected in
the book are contributions by invited researchers with long-standing experience in different
research areas. I hope that the material presented here is understandable to a wide audience, not
only energy and mechanical engineering specialists but also scientists from various disciplines. The



book contains seven chapters in two sections: (1) Power Plants

guided wave ultrasonic testing: Life Cycle Analysis and Assessment in Civil Engineering:
Towards an Integrated Vision Robby Caspeele, Luc Taerwe, Dan Frangopol, 2018-10-31 This volume
contains the papers presented at IALCCE2018, the Sixth International Symposium on Life-Cycle Civil
Engineering (IALCCE2018), held in Ghent, Belgium, October 28-31, 2018. It consists of a book of
extended abstracts and a USB device with full papers including the Fazlur R. Khan lecture, 8
keynote lectures, and 390 technical papers from all over the world. Contributions relate to design,
inspection, assessment, maintenance or optimization in the framework of life-cycle analysis of civil
engineering structures and infrastructure systems. Life-cycle aspects that are developed and
discussed range from structural safety and durability to sustainability, serviceability, robustness and
resilience. Applications relate to buildings, bridges and viaducts, highways and runways, tunnels and
underground structures, off-shore and marine structures, dams and hydraulic structures,
prefabricated design, infrastructure systems, etc. During the IALCCE2018 conference a particular
focus is put on the cross-fertilization between different sub-areas of expertise and the development
of an overall vision for life-cycle analysis in civil engineering. The aim of the editors is to provide a
valuable source of cutting edge information for anyone interested in life-cycle analysis and
assessment in civil engineering, including researchers, practising engineers, consultants,
contractors, decision makers and representatives from local authorities.

guided wave ultrasonic testing: Corrosion Under Insulation (CUI) Guidelines , 2015-11-26
Corrosion-under-insulation (CUI) refers to the external corrosion of piping and vessels that occurs
underneath externally clad/jacketed insulation as a result of the penetration of water. By its very
nature CUI tends to remain undetected until the insulation and cladding/jacketing is removed to
allow inspection or when leaks occur. CUI is a common problem shared by the refining,
petrochemical, power, industrial, onshore and offshore industries. In the first edition of this book
published in 2008, the EFC Working Parties WP13 and WP15 engaged together to provide guidelines
on managing CUI with contributions from a number of European refining, petrochemical and
offshore companies. The guidelines are intended for use on all plants and installation that contain
insulated vessels, piping and equipment. The guidelines cover a risk-based inspection methodology
for CUI, inspection techniques and recommended best practice for mitigating CUI, including design
of plant and equipment, coatings and the use of thermal spray techniques, types of insulation,
cladding/jacketing materials and protection guards. The guidelines also include case studies. The
original document first published in 2008 was very successful and provided an important resource in
the continuing battle to mitigate CUIL. Many members of the EFC corrosion community requested an
update and this has taken between 18-24 months to do so. Hopefully this revised document will
continue to serve the community providing a practical source of information on how to monitor and
manage insulated systems. Revised and fully updated technical guidance on managing CUI provided
by EFC Working Parties WP13 and WP 15 Contributions from a number of European refining,
petrochemical and offshore companies Extensive appendices that provide additional practical
guidance on the implementation of corrosion-under-insulation best practice, collected practical
expertise and case studies

guided wave ultrasonic testing: Advances in Nondestructive Evaluation Seung Seok Lee,
Dong Jin Yoon, Joon Hyun Lee, Sekyung Lee, 2004-08-15 Proceedings of the 11th Asian Pacific
Conference on Nondestructive Testing, Jeju Island, Korea, 3-7 November 2003

guided wave ultrasonic testing: Transit Development in Rock Mechanics Meifeng Cai, Yang
Gengshe, Jin'an Wang, 2014-10-20 Transit Development in Rock Mechanics—Recognition, Thinking
and Innovation contains 150 papers presented at the 3rd ISRM International Young Scholars’
Symposium on Rock Mechanics (8-10 November 2014, Xi’an, China). The volume focusses on the
transitional development in rock mechanics research from surface to underground mining and from
shallow to a deep rock excavations, and on the transition of knowledge, thinking and innovation from
pioneers to the young generation. The contributions cover a wide range of topics: Field investigation
and measurements Physical and mechanical properties of rocks Analysis and design methods for



rock engineering Numerical and physical modeling Multi-fields coupling analysis methods Rock
slope, tunnel and foundation engineering Monitoring and control of rock pressure in underground
engineering Dynamic rock mechanics and blasting Support and reinforcement techniques for
geotechnical engineering Prediction and control of artificial hazards with excavation in rock Transit
Development in Rock Mechanics—Recognition, Thinking and Innovation will be invaluable to
engineers and academics interested or involved in rock mechanics, geotechnical engieering, mine
engineering and underground engineering. The Symposium was organized by the Commission on
Education of International Society for Rock Mechanics and Xi’an University of Science and
Technology, and sponsored by the International Society for Rock Mechanics (ISRM) and the Chinese
Society for Rock Mechanics and Engineering (CSRME).

guided wave ultrasonic testing: Fundamental and Advanced Topics in Wind Power Rupp
Carriveau, 2011-07-05 As the fastest growing source of energy in the world, wind has a very
important role to play in the global energy mix. This text covers a spectrum of leading edge topics
critical to the rapidly evolving wind power industry. The reader is introduced to the fundamentals of
wind energy aerodynamics; then essential structural, mechanical, and electrical subjects are
discussed. The book is composed of three sections that include the Aerodynamics and Environmental
Loading of Wind Turbines, Structural and Electromechanical Elements of Wind Power Conversion,
and Wind Turbine Control and System Integration. In addition to the fundamental rudiments
illustrated, the reader will be exposed to specialized applied and advanced topics including magnetic
suspension bearing systems, structural health monitoring, and the optimized integration of wind
power into micro and smart grids.
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