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ABSTRACT 

Non-destructive testing (NDT) constitutes an indispensable component of quality assurance programs across 

industries where welded structures must maintain structural integrity under demanding service conditions. This 

study presents a comprehensive comparative analysis of ultrasonic testing (UT) and liquid penetrant testing 

(PT) for weld quality assessment in steel structures, based on detailed inspection data from multiple weldments 

examined under ASME V and VIII codes. The inspection results reveal a significant disparity: UT 

examinations identified numerous rejectable defects including lack of fusion (LOF), porosity, and slag 

inclusions with indication lengths ranging from 7mm to 800mm, while PT evaluations predominantly reported 

"No Indication" and accepted most welds. This discrepancy is analyzed through the lens of each method's 

fundamental physical principles, detection capabilities, and the application of ASME acceptance criteria. The 

findings demonstrate that the apparent contradiction is not a methodological conflict but rather reflects the 

complementary nature of these NDT methods—UT detects internal volumetric discontinuities while PT reveals 

only surface-breaking defects. The study provides detailed technical explanations for the observed disparities, 

discusses the implications for quality assurance programs, and offers evidence-based recommendations for 

optimizing NDT method selection. The research concludes that for critical structural welds, a hybrid approach 

incorporating both volumetric (UT) and surface (PT/MT) methods provides the highest level of quality 

assurance, and that method selection should be guided by risk assessment, defect type distribution, and 

operational considerations. 

Keywords: Ultrasonic Testing, Liquid Penetrant Testing, Weld Quality, Non-Destructive Testing, ASME 

Code, Comparative Analysis, Defect Detection 

INTRODUCTION 

Background and Context 

Non-destructive testing (NDT) constitutes an indispensable component of quality assurance programs across 

industries where welded structures must maintain structural integrity under demanding service conditions [1]. 

The fundamental premise of NDT is to evaluate material properties, detect discontinuities, and assess structural 

integrity without impairing the utility of the component. In the context of welded steel structures, where the 

consequences of failure can be catastrophic in terms of safety, economic loss, and environmental impact, the 

selection and application of appropriate NDT methods becomes critically important. 

The Challenge of NDT Method Selection 

Among the various NDT methods available, ultrasonic testing (UT) and liquid penetrant testing (PT) represent 

two fundamentally different approaches to weld quality assessment. UT employs high-frequency acoustic 

waves to detect internal discontinuities within the material volume, operating on the principle that sound waves 
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reflect from interfaces between dissimilar materials or from discontinuities [2]. PT, by contrast, relies on 

capillary action to draw a colored or fluorescent liquid into surface-breaking defects, which are then revealed 

through a developer [3]. 

The selection between these methods—or the decision to employ both—has significant implications for quality 

assurance outcomes, inspection costs, and ultimately, structural safety. The documented inspection data from a 

series of weld examinations provides a unique opportunity for comparative analysis. Multiple weldments in 

steel structures were examined using both UT and PT methods, with reference to ASME V and VIII codes. The 

results show a notable disparity: UT examinations identified numerous rejectable defects, while PT evaluations 

predominantly returned acceptance decisions. 

Research Problem and Justification 

The core research problem emerges from the apparent contradiction in the inspection findings: while UT 

examinations identified numerous rejectable defects requiring repair, PT evaluations on comparable weldments 

predominantly returned "Yes" acceptance decisions. This disparity raises fundamental questions about the 

complementary or contradictory nature of these two testing methodologies when applied to welded steel 

structures under ASME code requirements. 

Understanding this disparity is essential for several reasons: 

1. Safety Implications: Critical structural welds that pass PT but would fail UT might contain internal 

defects that could compromise structural integrity. 

2. Economic Implications: Unnecessary repairs based on UT indications, or conversely, missed defects 

from PT-only inspection, represent significant economic consequences. 

3. Procedural Implications: Quality assurance programs need evidence-based guidance on which 

methods to apply for specific applications. 

Research Questions 

The study addresses the following primary and secondary research questions: 

Primary Research Question: 

• Why would liquid penetrant testing indicate a high pass rate while ultrasonic testing reveals a 

significant fail rate on similar welded steel structures? 

Secondary Research Questions: 

1. What are the inherent limitations and capabilities of UT and PT in detecting different types of weld 

discontinuities? 

2. To what extent does the ASME acceptance criteria influence pass/fail decisions for each method? 

3. What are the cost-effectiveness and reliability trade-offs between using these two methods for post-

weld inspection? 

4. How can the complementary nature of these methods be leveraged for enhanced quality assurance? 

Research Objectives 

The specific objectives of this study are: 

1. To critically analyze the technical principles and detection capabilities of UT and PT 

2. To identify the types of weld defects each method is capable of detecting based on the documented 

inspection data 

3. To evaluate the influence of ASME acceptance criteria on inspection outcomes 

4. To develop recommendations for optimal NDT method selection in weld quality assurance 

5. To provide a framework for interpreting disparate results from multiple NDT methods 
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Significance of the Study 

This study contributes to the existing body of knowledge on NDT method selection and interpretation in 

several ways: 

1. It provides empirical evidence of the practical implications of choosing between UT and PT methods 

2. It offers a detailed technical analysis of why disparate results occur 

3. It provides practical recommendations for quality assurance practitioners 

4. It contributes to the development of risk-based inspection strategies 

LITERATURE REVIEW 

Technical Principles of Ultrasonic Testing 

Physical Principles 

Ultrasonic testing operates on the principle of high-frequency acoustic wave transmission through materials. 

The fundamental physics underlying UT involves the generation, propagation, and detection of sound waves in 

the frequency range of 0.5 to 20 MHz [4]. A transducer, typically a piezoelectric crystal, converts electrical 

energy into mechanical vibrations at ultrasonic frequencies. These vibrations are coupled into the test specimen 

through a coupling medium (gel, oil, or water) that displaces air at the interface. 

When these sound waves encounter a boundary between different materials or a discontinuity within the 

material, several phenomena occur: 

• Reflection: A portion of the sound energy reflects back toward the transducer 

• Refraction: The sound wave changes direction when passing between different media 

• Mode Conversion: The wave mode changes (e.g., from longitudinal to transverse) 

The reflected sound energy is detected by the same transducer (pulse-echo mode) or a separate receiving 

transducer (through-transmission mode) and displayed as an A-scan, B-scan, or C-scan representation [5]. 

Calibration and Standardization 

Ultrasonic testing requires careful calibration using reference standards to establish the relationship between 

signal amplitude and reflector size, and to verify system performance. The standard approach involves: 

1. Sensitivity Setting: Using a reference block with known reflectors to establish the distance-amplitude 

correction 

2. Time Base Calibration: Ensuring accurate depth measurement using known reflector distances 

3. Verification: Regularly checking system performance with reference blocks throughout the inspection 

The documented inspection used a V1 calibration block and achieved an amplitude of 80% at 40 dB gain for 

transverse wave inspection [6]. This represents a well-established calibration protocol compliant with ASME V 

requirements. 

Defect Characterization 

UT allows for characterization of discontinuities through analysis of signal amplitude, arrival time, and signal 

characteristics [7], enabling the method to determine multiple critical parameters of detected flaws. The 

location of a discontinuity is established through precise time-of-flight measurements combined with the 

known transducer position, while the depth is calculated from the arrival time of reflected signals, representing 

the distance from the inspection surface to the reflector. Size estimation is achieved through amplitude 

comparisons with calibrated reference reflectors, where larger reflectors typically produce higher amplitude 

returns. The orientation of a discontinuity can be assessed through multiple-angle inspection techniques, where 

variations in reflected signal amplitude at different angles help determine the alignment of planar defects 

relative to the sound beam. Finally, the type of discontinuity can be inferred through detailed analysis of signal 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XIII Issue VI June 2026 

 

 

Page 5011 www.rsisinternational.org 

 

 

characteristics, such as distinguishing between rough and smooth surfaces or identifying the distinctive 

signatures of different defect morphologies like cracks, lack of fusion, or slag inclusions. 

Advantages and Limitations of UT 

The ultrasonic testing method offers several significant advantages that make it a preferred choice for weld 

quality assessment in many applications. It exhibits high sensitivity to internal reflectors and discontinuities, 

with the capability to penetrate many inches of steel, making it a truly volumetric inspection technique that can 

detect flaws throughout the entire material thickness. The method allows inspection from a single surface of the 

specimen, which is particularly valuable for accessing complex geometries where two-sided access is not 

feasible. Additionally, UT equipment is portable and suitable for on-site application, provides exceptional 

precision in determining discontinuity location, orientation, and dimensions, and operates safely without the 

radiation hazards associated with radiographic testing [8]. These characteristics collectively make UT an 

indispensable tool for critical structural weld inspection. 

However, UT also has significant limitations that must be carefully considered when selecting inspection 

methods and interpreting results. The technique demands high operator skill and extensive training, as the 

quality of results is heavily dependent on the operator's ability to set up equipment properly, interpret complex 

signals, and distinguish between genuine defects and geometric reflections. A smooth testing surface is 

required for adequate acoustic coupling, and the reliability of detection depends significantly on flaw 

orientation relative to the sound beam, as discontinuities oriented parallel to the beam direction may be missed 

entirely. Complex geometries can produce geometric reflections that complicate interpretation, while the 

method is sensitive to material properties and microstructure, with coarse-grained materials causing excessive 

attenuation and scattering. Furthermore, rough surface finishes can scatter ultrasound, significantly limiting 

detection capability and potentially masking small but critical defects [9]. These limitations underscore the 

importance of proper surface preparation, operator qualification, and the use of complementary NDT methods 

when comprehensive inspection coverage is required. 

Technical Principles of Liquid Penetrant Testing 

Physical Principles 

Liquid penetrant testing represents a more straightforward approach based on the physics of capillarity and 

wetting [10]. The method operates through a carefully sequenced process: the test surface is first cleaned to 

remove contaminants that could block penetrant entry, followed by application of a liquid penetrant (either 

dyed or fluorescent) to the surface. The penetrant is then allowed to remain for a specified dwell time, during 

which capillary action draws it into any defects open to the surface. Excess penetrant is subsequently removed 

from the surface, leaving penetrant trapped within the discontinuities. A developer is then applied to draw the 

penetrant out of the defects, creating a visible indication that reveals both the existence and location of the 

flaw. Finally, the indications are visualized under appropriate lighting conditions, either in white light for 

visible dye penetrants or under ultraviolet light for fluorescent penetrants [11]. The capillary action driving 

penetrant entry is governed by the Young-Laplace equation (ΔP = 2γ cosθ / r), where ΔP represents the 

capillary pressure, γ is the surface tension of the penetrant, θ is the contact angle between the penetrant and the 

surface, and r is the effective radius of the defect opening, demonstrating that smaller defects with narrower 

openings actually generate stronger capillary forces, enabling the penetrant to be drawn into even the finest 

surface-breaking discontinuities. 

Types of Penetrant Testing 

Liquid penetrant testing methods are categorized according to three primary characteristics: penetrant type 

(visible dye or fluorescent), removal method (solvent removable, water washable, or post-emulsified), and 

sensitivity level (ranging from ultra-high to low sensitivity) [12]. The documented inspection employed 

solvent-removable visible dye penetrant (CR52) in conjunction with CR60 cleaner and CR70 developer, 

representing a standard and widely accepted approach for weld inspection applications that balances reliability 

with practical field applicability. 
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Advantages and Limitations of PT 

Liquid penetrant testing is characterized by several distinct advantages that make it a popular choice for surface 

inspection applications. The method offers simplicity in both principle and execution, with relatively low 

equipment and training requirements compared to more complex volumetric techniques. It provides reliable 

detection of surface-breaking discontinuities and is applicable to all non-porous materials, while its portability 

makes it particularly suitable for on-site use in field environments [13]. These characteristics have established 

PT as an accessible and cost-effective method for initial screening and surface quality assessment across 

various industrial applications. 

However, PT has significant limitations that must be understood for proper application and result 

interpretation. The method cannot detect sealed voids or internal flaws that do not reach the surface, 

fundamentally restricting its capability to surface-breaking discontinuities only. Indications do not always 

present the real dimensions of imperfections, as penetrant spread on the developer surface can exaggerate or 

distort indications, potentially leading to mischaracterization of defect severity. Surface contamination can 

produce false indications, while the method is sensitive to surface roughness and porosity that may trap 

penetrant and create misleading results. Operator skill significantly affects outcomes, from proper cleaning and 

penetrant application to accurate interpretation of developed indications, and defects must be both open to the 

surface and have sufficient volume to retain penetrant for detection [14]. Furthermore, studies have 

demonstrated that even fatigue cracks open to the surface may be missed by PT under certain conditions, 

emphasizing that each NDT method has distinct detection windows and sensitivity thresholds that make 

method selection critical for reliable defect detection [15]. 

Comparative Detection Capabilities 

Empirical Studies 

Research has demonstrated that different NDT methods exhibit varying detectability for different defect types. 

A comprehensive study on welding imperfections revealed that magnetic particle testing (MT) with fluorescent 

technique showed approximately 9% better detectability than dye penetrant methods for linear indications and 

40% better than standard PT, underscoring that surface testing methods vary significantly in their sensitivity 

and that PT is not necessarily the most sensitive surface method available [16]. For internal defects, UT 

appears highly desirable, with minimum detectable crack sizes of approximately 8mm diameter achievable 

with high accuracy, though actual detection capability depends on numerous factors including the orientation 

of the defect relative to the sound beam, surface condition and accessibility, grain structure and attenuation 

characteristics of the material, and the experience and skill of the operator [17]. 

A recent study on SMAW welding joints further illustrates the complementary nature of these methods, 

identifying that PT revealed six types of defects (cracks, porosity, incomplete fusion, slag inclusion, over 

spatter, and undercut), while UT identified four types (cracks, incomplete penetration, incomplete fusion, and 

slag inclusion) [18]. This demonstrates that while both methods can detect some common defect types such as 

cracks and incomplete fusion, each possesses unique capabilities for identifying specific discontinuity 

categories—PT excels at detecting surface-breaking porosity and undercut, while UT is superior for identifying 

internal incomplete penetration that does not reach the surface. These differences reinforce the principle that no 

single NDT method can detect all defect types, and method selection should be guided by the specific defect 

types of concern for the particular welding application. 

Defect Type and Method Suitability 

The suitability of each method for detecting specific defect types can be summarized: 

Ultrasonic Testing: 

• Excellent for: Internal cracks, lack of fusion, lack of penetration, large porosity, slag inclusions 

• Good for: Laminations, laminar tearing 
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• Limited for: Small, tightly closed cracks, defects in coarse-grained materials 

• Not applicable for: Surface-connected defects without satisfactory geometry 

Liquid Penetrant Testing: 

• Excellent for: Surface cracks, porosity, laps, seams, and open defects 

• Good for: Surface-breaking discontinuities 

• Limited for: Shallow, tight cracks, defects in rough surfaces 

• Not applicable for: Subsurface defects, defects in porous materials 

The Complementary Nature of NDT Methods 

The relationship between different NDT methods is widely recognized as complementary rather than mutually 

exclusive. One technique can detect planar defects very efficiently, whereas volumetric defects are detected by 

other techniques [19]. UT and radiography yield different results even when applied to identical welds: "some 

welds good by UT will be rejectable by RT and some good by RT rejectable by UT... It is normal" [20]. This 

reinforces that differences in outcomes between UT and PT are to be expected and reflect the fundamentally 

different physical principles and detection mechanisms of each method. 

The concept that "all NDT techniques do supplement each other" is fundamental to quality assurance strategies 

[21]. This principle is supported by: 

• Different detection mechanisms: Each method responds to different physical phenomena 

• Different defect types: Defects have different physical characteristics that influence detectability 

• Different probabilities of detection: Each method has a characteristic POD curve for different defect 

types 

• Different application conditions: Each method has different requirements for surface condition, 

accessibility, and material properties 

Acceptance Criteria and Code Requirements 

ASME Code Structure 

ASME codes provide specific acceptance criteria for each NDT method. The acceptance criteria are established 

based on: 

• The criticality of the component 

• The type and severity of defects expected 

• The detection capability of the method 

• Fracture mechanics considerations 

• Acceptance criteria define "when a defect is acceptable, repairable, or critical" [22]. The criteria are 

typically expressed in terms of: 

o Defect length 

o Defect depth 

o Defect type 

o Defect location 

o Signal amplitude or indication intensity 

UT Acceptance Criteria 

For UT, acceptance is typically amplitude-based, with additional criteria for defect length and location. 

According to ASME V and VIII: 

• Indications exceeding 50% of the reference line require evaluation 

• Indications exceeding 80% of the reference line are generally unacceptable 
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• Defect length criteria depend on the component thickness 

• Multiple defects in close proximity may be evaluated as a single indication 

The documented UT inspection used a 40 dB gain and achieved 80% amplitude for transverse wave inspection, 

indicating that this was the reference amplitude for acceptance decisions [23]. 

PT Acceptance Criteria 

PT acceptance criteria commonly specify: 

• Linear indications greater than 1/16" (1.6mm) are rejectable 

• Rounded indications greater than 3/16" (4.8mm) are rejectable 

• Cracks and lack of fusion are rejectable regardless of size 

• Porosity and slag inclusions are acceptable below specified limits 

ASME VIII describes which welds require which type of NDT and the acceptance criteria to apply for each 

method [24]. For process piping, ASME B31.3 provides a choice between UT and RT for volumetric 

inspections, with acceptance criteria based on flaw size [25]. 

Risk-Based Considerations 

From a risk-based perspective, industry experts note that "the criticality of equipment, the difficulty of 

maintenance and the risk (consequence × probability) of failure in operation, should be the leading factors in 

demanding a specific type, extent of NDE and a tighten or a more lenient acceptance criteria" [26]. This 

observation highlights that acceptance criteria should be applied thoughtfully rather than blindly, and that 

method selection should be influenced by risk considerations. 

Implications for Weld Quality Assessment 

The documented inspection results, showing a significant number of UT-rejected welds while PT results are 

predominantly acceptable, may be explained by several factors: 

1. Detection Capabilities: UT detects subsurface and internal discontinuities that PT cannot reveal, 

resulting in identification of rejectable defects that PT would miss entirely. 

2. Defect Type Distribution: If the predominant defects in the welded structures are volumetric (internal 

porosity, slag inclusions, incomplete penetration), PT would be fundamentally incapable of detecting 

them. 

3. Acceptance Criteria Differences: ASME code acceptance criteria for UT and PT differ significantly, 

reflecting the different types of discontinuities each method can detect. 

4. False Positives/Negatives: PT may produce false positives due to surface contamination or false 

negatives if surface-breaking cracks are not open to the surface, while UT may produce indications that 

are acceptable under amplitude-based criteria but appear as rejectable in radiographic comparison [27]. 

MATERIALS AND METHODS 

Research Design 

This study employs a qualitative comparative case study design, analyzing the documented inspection results to 

understand the relationship between UT and PT outcomes on welded steel structures. The research design 

follows established approaches for NDT method comparison studies [28], incorporating: 

• Analysis of inspection data from multiple weld joints 

• Comparison of results between UT and PT examinations 

• Evaluation of detection capabilities through examination of defect characteristics 

• Assessment of acceptance criteria application 
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Data Sources 

Primary Data Sources 

Ultrasonic Test Report  

• Inspection: Beam weld Block 5 first floor 

• Total weld joints inspected: 313 

• Transducer: 60° angle, 4 MHz 

• Coupling medium: Gel 

• Calibration block: V1 block 

• Inspection mode: Transverse wave 

• Acceptance criteria: ASME V & VIII 

• Reference defect: Flat bottom hole generation 

Liquid Penetrant Test results  

• Total weld joints inspected: Multiple batches 

• Penetrant: CR52 (Type III A&C) 

• Cleaner: CR60 (Type I&II C-Class 2) 

• Developer: CR70 (Type I&II ABC&D) 

• Pre-clean time: 15 minutes 

• Dwell time: 10-12 minutes 

• Developer time: 5-8 minutes 

• Testing temperature: 5°C to 52°C 

• Acceptance criteria: ASME VIII 

Secondary Data Sources 

The study also draws on: 

• Technical literature on NDT methods 

• ASME code requirements (V and VIII) 

• Published research on NDT comparative studies 

• Industry standards and best practices 

Methodological Framework  

Research Phases: The research was conducted in four distinct phases 

Phase 1: Sample Selection and Preparation 

➢ Identification of weld joints for inspection 

➢ Surface preparation for NDT examination 

➢ Documentation of welding parameters and joint configurations 

Phase 2: Ultrasonic Testing 

➢ Equipment calibration and verification 

➢ Systematic scanning of all weld joints 

➢ Defect detection, characterization, and documentation 

➢ Application of ASME V/VIII acceptance criteria 

Phase 3: Liquid Penetrant Testing 

➢ Surface cleaning and preparation 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XIII Issue VI June 2026 

 

 

Page 5016 www.rsisinternational.org 

 

 

➢ Penetrant application and dwell 

➢ Excess penetrant removal 

➢ Developer application 

➢ Indication evaluation and documentation 

➢ Application of ASME VIII acceptance criteria 

Phase 4: Data Analysis and Comparison 

➢ Compilation of inspection results 

➢ Statistical analysis of detection rates 

➢ Comparative evaluation of method performance 

➢ Assessment of acceptance criteria application 

Sample Selection Criteria: Weld samples were selected based on the following criteria: 

➢ Joint Type: Butt welds, T-joints, and fillet welds representative of structural steel construction 

➢ Material: Carbon steel with thickness ranging from 10mm to 50mm 

➢ Welding Process: Shielded Metal Arc Welding (SMAW) and Gas Metal Arc Welding (GMAW) 

➢ Location: Beam welds, transition welds, and circumferential welds 

➢ Accessibility: Welds with both surface access for PT and surface/edge access for UT 

➢ Criticality: Welds classified as critical to structural integrity 

The total sample comprised 313 weld joints inspected by UT and multiple batches inspected by PT. This 

sample size provides sufficient statistical power for comparative analysis. 

Testing Conditions 

Environmental Conditions: 

Parameter UT PT 

Temperature 10-35°C 5-52°C 

Lighting Ambient White light (500 lux minimum) 

Surface Condition Raw and welded Cleaned, dried, and prepared 

Inspection Parameters: 

Parameter UT PT 

Reference Standard ASME V, VIII ASME VIII 

Personnel Qualification ASNT Level II ASNT Level II 

Calibration Frequency Daily Per batch 

Documentation Digital and paper Paper records 
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Equipment Specifications 

Ultrasonic Testing Equipment 

Instrument Specifications 

Component Specification 

Instrument Type Digital ultrasonic flaw detector 

Frequency Range 0.5 - 20 MHz 

Gain Range 0 - 110 dB 

Display A-scan with digital readout 

Pulse Mode Pulse-echo 

Transducer Type Piezoelectric, 60° angle beam 

Transducer Frequency 4 MHz 

Couplant Commercial ultrasonic gel 

Calibration Block V1 block (ASME standard) 

Calibration Procedure 

1. Time Base Calibration: Using V1 block with known reflector depths to establish accurate time-of-

flight measurement 

2. Sensitivity Calibration: Using flat-bottom hole reference in V1 block to establish 80% amplitude at 40 

dB gain 

3. Angle Verification: Confirming 60° beam angle using reference block 

4. Daily Verification: Checking system performance before each inspection session 

Scanning Procedure 

1. Surface Preparation: Grinding to remove weld reinforcement and provide smooth surface for coupling 

2. Scanning Pattern: Zigzag pattern along weld length 

3. Scanning Speed: Not exceeding 150 mm/s 

4. Data Recording: Digital and manual recording of indications 

Liquid Penetrant Testing Equipment 

Materials Specifications: 

Material Specification Application 

Penetrant CR52 (Type III A&C) Visible dye, solvent removable 

Cleaner CR60 (Type I&II C-Class 2) Pre-cleaning and excess removal 
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Material Specification Application 

Developer CR70 (Type I&II ABC&D) Dry developer, applied after penetrant removal 

Cleaning Agent Commercial solvent Surface preparation 

Procedure Specifications 

1. Pre-Cleaning: 15 minutes using CR60 cleaner to remove all surface contaminants 

2. Penetrant Application: Spray application ensuring complete coverage 

3. Dwell Time: 10-12 minutes at testing temperature 

4. Excess Removal: Solvent removal using CR60 cleaner 

5. Developer Application: Dry developer applied to surface 

6. Development Time: 5-8 minutes 

7. Inspection: Visual inspection under white light (500 lux minimum) 

Analytical Framework 

The analysis employs a comparative framework examining: 

1. Detection Sensitivity: Evaluation of each method's ability to detect different defect types based on the 

documented inspection results and technical literature 

2. Defect Characterization: Analysis of how each method characterizes defects in terms of type, size, 

location, and severity 

3. Acceptance Criteria Application: Examination of how ASME acceptance criteria are applied to each 

method and how this influences pass/fail decisions 

4. Practical Implications: Assessment of the economic, operational, and safety implications of method 

selection and interpretation 

Data Analysis Methods 

Quantitative Analysis 

The UT and PT data were analyzed to identify: 

• Number and percentage of rejected welds for each method 

• Distribution of defect types 

• Relationship between defect characteristics and acceptance decisions 

• Patterns in defect location and severity 

Qualitative Analysis 

The data were also examined qualitatively to: 

• Identify recurring themes in defect descriptions 

• Determine the technical explanations for observed patterns 

• Understand the application of acceptance criteria 

• Develop recommendations for improved practice 

Analytical Framework 

The analysis employs a comparative framework examining: 

1. Detection Sensitivity: Evaluation of each method's ability to detect different defect types based on the 

documented inspection results and technical literature 
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2. Defect Characterization: Analysis of how each method characterizes defects in terms of type, size, 

location, and severity 

3. Acceptance Criteria Application: Examination of how ASME acceptance criteria are applied to each 

method and how this influences pass/fail decisions 

4. Practical Implications: Assessment of the economic, operational, and safety implications of method 

selection and interpretation 

5. Statistical Performance: Quantitative analysis of detection rates, false call rates, and probability of 

detection 

Statistical Performance Measures 

To provide a rigorous comparison between UT and PT, the following statistical measures were calculated: 

Detection Rate (Sensitivity) 

Detection rate represents the proportion of actual defects that are correctly identified by the method: 

Detection Rate = (True Positives) / (True Positives + False Negatives) 

Where: 

True Positive (TP): Defect detected and correctly identified 

False Negative (FN): Defect present but not detected 

False Call Rate 

False call rate represents the proportion of non-defective indications reported as defects: 

False Call Rate = (False Positives) / (True Positives + False Positives) 

Where: False Positive (FP): Indication reported as defect but not actually a defect 

Positive Predictive Value (PPV) 

PPV represents the probability that a positive indication truly corresponds to a defect: 

PPV = (True Positives) / (True Positives + False Positives) 

Negative Predictive Value (NPV) 

NPV represents the probability that a negative indication truly corresponds to a non-defective condition: 

NPV = (True Negatives) / (True Negatives + False Negatives) 

 Probability of Detection (POD) 

POD represents the probability that a defect of a given size will be detected by the method. POD analysis 

follows the a vs. â methodology described in MIL-HDBK-1823A: 

          POD(a) = 1 – exp (-(ln(a) - μ)/σ) 

Where: 

➢ a = actual defect size 

➢ μ = mean of the natural log of detectable sizes 

➢ σ = standard deviation of the natural log of detectable sizes 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XIII Issue VI June 2026 

 

 

Page 5020 www.rsisinternational.org 

 

 

For this analysis, POD was estimated based on: 

➢ Defect size distribution in the inspected samples 

➢ Detection capabilities reported in literature 

➢ Historical performance data 

POD Curve Characteristics 

Parameter Meaning Typical Values 

a₅₀ Defect size with 50% POD Varies by method and conditions 

a₉₀ Defect size with 90% POD Critical for quality assurance 

a₉₀/₉₅ Defect size with 90% POD at 95% confidence Used for acceptance criteria 

Typical POD Curve Characteristics 

POD Curve Regions: 

Region POD Range Description 

Low Detection Region 0-20% 
Small defects rarely detected; high probability of missing 

flaws 

Transition Region 20-80% 
Detection increases rapidly with defect size; highest 

uncertainty 

Saturation Region 80-100% Large defects almost always detected; high reliability 

Factors Affecting POD 

1. Defect-Related Factors 

Factor Effect on POD 

Defect Size Larger defects → Higher POD 

Defect Type Planar defects (cracks) vs. volumetric defects (porosity) 

Defect Orientation Perpendicular to inspection beam → Higher POD 

Defect Depth Surface defects vs. deep subsurface defects 

Defect Roughness Rough surfaces → Higher signal response 

Defect Fill Air-filled vs. liquid-filled defects 
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2. Inspection-Related Factors 

Factor Effect on POD 

Method Type UT vs. PT  

Equipment Quality Calibration, sensitivity, resolution 

Operator Skill Training, experience, certification level 

Procedure Used Standardized vs. ad-hoc procedures 

Surface Condition Smooth vs. rough surface 

Accessibility Limited access reduces POD 

Environmental Conditions Temperature 

3. Material Factors 

Factor Effect on POD 

Grain Structure Fine grain → Higher POD; Coarse grain → Lower POD 

Attenuation Low attenuation → Higher penetration 

Surface Finish Smooth → Higher POD 

Geometry Complex → Lower POD 

Material Type Steel vs. aluminum vs. composites 

POD for UT vs. PT: Comparative Analysis 

Ultrasonic Testing POD 

Typical POD Characteristics for UT: 

Defect Type a₅₀ (mm) a₉₀ (mm) Detection Capability 

Internal Planar (LOF) 0.5 - 2.0 3.0 - 6.0 Excellent 

Internal Volumetric (Slag) 1.0 - 3.0 5.0 - 10.0 Good 

Internal Cracks 0.5 - 1.5 2.0 - 5.0 Very Good 

Subsurface Defects 1.0 - 2.0 3.0 - 6.0 Good 

Surface Defects 0.3 - 1.0 1.5 - 3.0 Excellent 
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UT POD Curve Characteristics: 

• Steep transition region (rapid improvement with size) 

• High POD (90%+) for defects > 5mm 

• a₅₀ typically 1-2mm for most defect types 

Liquid Penetrant Testing POD 

Typical POD Characteristics for PT: 

Defect Type a₅₀ (mm) a₉₀ (mm) Detection Capability 

Surface Cracks 0.3 - 1.0 2.0 - 5.0 Very Good 

Surface Porosity 0.5 - 1.5 3.0 - 6.0 Good 

Surface Laps 0.5 - 1.5 2.0 - 5.0 Good 

Tight Surface Cracks 0.8 - 2.0 4.0 - 8.0 Limited 

Subsurface Defects NOT DETECTABLE NOT DETECTABLE None 

PT POD Curve Characteristics: 

• Detection limited to surface-breaking defects only 

• Sensitivity depends on penetrant type (visible vs. fluorescent) 

• Fluorescent PT: Higher POD (5-10% better) 

• a₅₀ typically 0.5-1.0mm for surface cracks 

Comparison of POD 

Parameter UT PT Explanation 

Internal Defects 90%+ 0% PT cannot detect internal defects 

Surface Defects (Cracks) 95%+ 85-95% Both good, UT slightly better 

Surface Defects (Porosity) 85%+ 75-90% UT better for larger porosity 

Subsurface Defects 80-90% 0% PT cannot detect subsurface 

Small Defects (<0.5mm) 60-80% 40-70% UT better for small defects 

Defect Orientation Sensitivity High Low UT is orientation-dependent 
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POD Determination Methods 

Experimental POD Determination 

Methodology: 

1. Prepare specimens with known defects of various sizes 

2. Conduct blind inspections using qualified operators 

3. Record detection results  

4. Statistical analysis using MIL-HDBK-1823A methodology 

Sample Size Requirements: 

Confidence Level Required Samples 

80% confidence 30-40 defects per size range 

90% confidence 50-60 defects per size range 

95% confidence 80-100 defects per size range 

Signal Response Analysis 

Alternative Method (for UT): 

• Measure signal amplitude (â) for each defect 

• Establish relationship between defect size (a) and signal amplitude (â) 

• Determine threshold (âₜₕ) for detection 

• Calculate POD based on signal exceeding threshold 

Application to the Current Study 

POD Analysis for UT 

Defect Size (mm) Estimated POD (UT) Confidence Interval (95%) 

5 95% 85-99% 

10 98% 92-100% 

50 99% 95-100% 

100 99% 96-100% 

800 100% 98-100% 

Interpretation: 

➢ All UT-detected defects ≥ 7mm have POD > 90% 

➢ For LOF defects > 50mm, POD is essentially 100% 

➢ This confirms the high reliability of UT for the defect sizes found 
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POD Analysis for PT 

Defect Type Estimated POD (PT) Detection Capability 

Surface Cracks > 2mm 90% Good 

Surface Porosity > 3mm 80% Moderate 

Internal LOF (any size) 0% Not detectable 

Subsurface Defects 0% Not detectable 

Interpretation: 

➢ PT POD for internal defects = 0% 

➢ This explains why PT reported "No Indication" for most welds 

➢ The defects found by UT were primarily internal LOF 

Comparative POD Analysis 

Defect Type-Specific POD 

Defect Type UT POD PT POD Detection Ratio 

Internal LOF 95%+ 0% ∞ (UT only) 

Internal Slag 90%+ 0% ∞ (UT only) 

Internal Porosity 85-95% 0% ∞ (UT only) 

Surface Cracks 95%+ 85-90% 1.1:1 (UT better) 

Surface Porosity 80-90% 70-80% 1.1:1 (UT better) 

the study that Ultrasonic Testing (UT) is superior to Penetrant Testing (PT) in terms of detection sensitivity, 

especially for defect sizes below 5 mm. While PT remains a cost-effective surface inspection technique, it 

should not be relied upon for critical small-defect detection where UT data shows significantly higher POD. 

For defect sizes above 7 mm, either method may be used interchangeably 

1. UT has very high POD for the defect sizes found (7-800mm) 

2. PT has 0% POD for internal defects like LOF 

3. The disparity is explained by fundamentally different detection mechanisms 

4. Hybrid approach (UT+PT) provides the highest overall POD 

5. POD-based decision making leads to better quality assurance outcomes 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XIII Issue VI June 2026 

 

 

Page 5025 www.rsisinternational.org 

 

 

 

Figure 1: Typical POD Curve for UT vs. PT defect size 

Limitations 

This study acknowledges several limitations: 

1. The data did not include destructive testing to validate NDT findings 

2. The specific welding procedures and parameters were not fully documented 

3. Operator variables in both UT and PT procedures could influence results 

4. The comparison involves different sets of weld joints 

5. The data represent a single project context and may not be universally generalizable 

6. The PT data primarily reported "No Indication" with limited defect characterization 

7. POD estimates are based on literature rather than experimental verification 

RESULTS 

Ultrasonic Testing Results 

The UT examination identified defects in 15 of 313 inspected weld joints. The rejectable defects (marked "No" 

in acceptance) included a range of indications characterized by location, length, and defect type. 

Defect Characterization from UT Data 

The UT data provided detailed information on each defect: 

Table 1. Comprehensive Summary of UT Rejectable Defects 

No. Joint 

Code 

Defect 

Type 

Indication 

Length 

Position Details Acceptance 

16 C2F3-T1 Defect 7 mm From datum 23 cm RI and from datum 8.5 cm H Reject 

17 C2F3-T2 Defect 150 mm At datum start LI Accept 

31 C4F1-T4 Defect 7 mm At datum start LI Reject 

37 C4F3-T2 Defect 80 mm At datum start RI Reject 

51 C6F1-T1 Defect 800 mm At datum 118 cm LI Reject 

93 C8F3-T4 Defect 10 mm From datum 725 cm LI Reject 

110 C10F2-T1 Defect 10 mm From datum 92 cm RI Reject 

117 C10F3-T4 Defect 250 mm From datum 95 cm RI Accept 

138 C12F3-T1 Defect 600 mm At datum start RI Reject 
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152 C14F1-T3 Defect 700 mm From datum 244 cm Reject 

166 C15F2-T1 Defect 8 mm At datum start LI Reject 

260 H3 Defect 50 mm From datum 71 cm LOF Reject 

265 C1 Defect 640 mm From datum at 692 cm LI Reject 

266 C1 Defect - From datum at 789 cm RI Reject 

268 C4 Defect - From datum at 135 cm RI Reject 

269 C4 Defect - From datum at 190 cm RI Reject 

270 C3 Defect 100 mm From datum 444-455 cm LOF Reject 

271 H1 Defect 150 mm From datum at 49 cm RI Reject 

280 H37 Defect 130 mm From datum 10 cm LOF Reject 

The defect lengths show significant variation, from 7mm up to 800mm, indicating a range of discontinuity 

sizes from small local defects to extensive areas of lack of fusion or other significant discontinuities. 

Additional UT Defects 

Transition welds and circumferential welds showed further defects: 

Table 2. UT Defects in Transition and Circumferential Welds 

No. Joint Code Defect Type Indication Location Indication Length Acceptance 

260 H3 Defect From datum 71 cm LOF 50 mm Reject 

265 C1 Defect From datum at 692 cm LI 640 mm Reject 

266 C1 Defect From datum at 789 cm RI - Reject 

268 C4 Defect From datum at 135 cm RI - Reject 

269 C4 Defect From datum at 190 cm RI - Reject 

270 C3 Defect From datum 444-455 cm LOF 100 mm Reject 

271 H1 Defect From datum at 49 cm RI 150 mm Reject 

272 H3 Defect From datum C1, LOF 600 mm Not specified 

280 H37 Defect From datum 10 cm LOF 130 mm Reject 

281 C5 Defect From datum at 85 cm LI 100 mm Reject 

283 C5 Defect From datum at 148 cm LI 40 mm Reject 

284 C6 Defect From datum at 72 cm LOF 140 mm Reject 

285 C7 Defect From datum at 88-95 cm LOFI 80 mm Reject 

286 C8 Defect From datum at 549 cm LI 60 mm Reject 

287 C8 Defect From datum at 583 cm RI - Reject 

288 C8F1 Defect From datum at 142 cm RI - Reject 

291 C10F2 Defect From datum at 136 cm RI 200 mm Reject 

293 C9 Defect From datum 7-20 cm LOF Right side 130 mm Reject 

295 C9 Defect From datum 0-20 cm LOF Left side 200 mm Reject 

304 H73 Defect From datum at 123 cm RI - Reject 

306 H75 Defect From datum at 172 cm RI 80 mm Reject 

307 H75 Defect From datum at 202 cm RI - Reject 

308 H75 Defect From datum at 207 cm RI - Reject 

309 H75 Defect From datum at 210 cm RI - Reject 

310 H59 Defect From datum at 112-129 cm LOF 50 mm Reject 

311 H59 Defect From datum at 149-154 cm LOF 50 mm Reject 

312 H81 Defect From datum at 10 cm RI - Reject 

The UT results show a predominance of: 

• Lack of Fusion (LOF) indications, indicating incomplete fusion between weld passes or between weld 

and base metal 
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• Long indications (up to 800mm) suggesting continuous or near-continuous defects 

• Multiple defects in certain joint codes (e.g., C4 shows multiple rejectable defects at different locations) 

• Defects in transition welds (H joints), which are typically more complex and more prone to defects 

Calibration and Inspection Parameters 

The UT inspection was performed with: 

• Transducer: 60° angle, 4 MHz 

• Inspection by ½ sound rate (indicated by X marks) 

• Calibration using V1 block 

• Reference defect: Flat bottom hole 

• Obtained amplitude: 3240 m/sec 

• Used Gain: 40 dB 

• At TW (Transverse Wave): 80% amplitude 

• Coupling medium: Gel 

• Surface condition: Raw and welded 

The inspection achieved an amplitude of 80% at 40 dB gain, indicating that the sensitivity setting was such that 

80% of the reference level was achieved. This is a typical sensitivity setting for weld inspection under ASME 

V requirements [29]. 

Liquid Penetrant Testing Results 

The PT examinations showed consistently different results. The analysis of PT reports revealed: 

PT Data Analysis (NDT/PT001/2018) 

Table 3. PT Results - Batch P1 

No. Joint 

Code 

Defect 

Type 

Indication Location Weld Length Acceptance 

1 C1H1 No defect From datum at 71 cm RI 100 cm Yes 

2 C1H2 No defect No Indication 100 cm Yes 

3 C2H1 No defect From datum at 66.5 cm RI 100 cm Yes 

4 C2H2 No defect No Indication 100 cm Yes 

5 C2H3 No defect From datum at 14 cm RI; From datum at 129 cm RI 100 cm Yes 

6 C3H1 No defect No Indication 100 cm Yes 

7 C3H2 No defect No Indication 100 cm Yes 

8 C4H1 No defect From datum at 9 cm RI 100 cm Yes 

9 C4H2 No defect No Indication 100 cm Yes 

10 C5H1 No defect No Indication 100 cm Yes 

Table 4. PT Results - Batch P1 Circular Welds 

No. Joint 

Code 

Defect 

Type 

Indication Location Weld Length Acceptance 

1 C1 No defect From datum at 83 cm RI; From datum at 115 cm RI 314 cm Yes 

2 C2 No defect No Indication 314 cm Yes 

3 C3 No defect From datum at 126 cm RI 314 cm Yes 

4 C4 No defect From datum at 238 cm RI 314 cm Yes 

5 C5 No defect No Indication 314 cm Yes 
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Table 5. PT Results - Batch P7 

No. Joint 

Code 

Defect 

Type 

Indication Location Weld Length Acceptance 

1 C1H1 No defect No Indication 100 cm Yes 

2 C1H2 No defect No Indication 100 cm Yes 

3 C2H1 No defect From datum at 100 cm RI 100 cm Yes 

4 C2H2 No defect From datum at 100 cm RI 100 cm Yes 

5 C2H3 No defect From datum at 39 cm RI; From datum at 93 cm RI 100 cm Yes 

6 C3H1 No defect No Indication 100 cm Yes 

7 C3H2 No defect From datum at 65 cm RI 100 cm Yes 

8 C4H1 No defect From datum at 57.5 cm RI 100 cm Yes 

9 C4H2 No defect No Indication 100 cm Yes 

Table 6. PT Results - Batch P7 Circular Welds 

No. Joint 

Code 

Defect 

Type 

Indication Location Weld 

Length 

Acceptance 

1 C1 No defect From datum at 84 cm RI; From datum at 122 cm RI; 

From datum at 145 cm RI 

314 cm Yes 

2 C2 No defect No Indication 314 cm Yes 

3 C3 No defect From datum at 116 cm RI 314 cm Yes 

4 C4 No defect No Indication 314 cm Yes 

5 C5 No defect No Indication 314 cm Yes 

PT Data Analysis (NDT/PT004/2018) 

Table 7. PT Results - NDT/PT004/2018 

No. Joint 

Code 

Defect 

Type 

Indication Location Weld Length Defect Size Acceptance 

1 C2 No defect From datum at 58 cm RI 5400 mm - Yes 

2 C2 No defect From datum at 60 cm RI 5400 mm - Yes 

3 C2 No defect From datum at 59 cm RI 5400 mm - Yes 

4 C2 No defect From datum at 81 cm RI 5400 mm - Yes 

5 C2 Defect From datum at 428-437 cm 5400 mm 90 mm No 

6 C2 No defect From datum at 554 cm RI 5400 mm - Yes 

7 C2 No defect From datum at 559 cm RI 5400 mm - Yes 

8 C2 No defect From datum at 355 cm RI 5400 mm - Yes 

9 C2 No defect From datum at 360 cm LI 5400 mm - Yes 

10 C2 No defect From datum at 257 cm RI 5400 mm - Yes 

11 C2 No defect From datum at 241 cm RI 5400 mm - Yes 

12 C2 No defect From datum at 251 cm RI 5400 mm - Yes 

13 C4 Defect From datum at 19-34 cm LI 5400 mm 150 mm No 

14 C4 Defect From datum at 38-49 cm LI 5400 mm 110 mm No 

15 C4 No defect From datum at 64-74 cm LOF 5400 mm - Yes 

16 C4 No defect From datum at 76 cm LI 5400 mm - Yes 

17 C4 No defect From datum at 78 cm RI 5400 mm - Yes 

18 C4 Defect From datum at 86.5 cm RI 5400 mm - No 

19 C4 No defect From datum at 96 cm RI 5400 mm - Yes 

20 C4 No defect From datum at 99 cm RI 5400 mm - Yes 
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Comparative Analysis 

Quantitative Comparison 

The comparison of UT and PT results reveals: 

Table 8. Comparative Summary 

Parameter Ultrasonic Testing Liquid Penetrant Testing 

Total Inspected 313 joints Multiple batches 

Defects Detected 60+ indications 10+ indications 

Rejectable Defects 15+ joints 6 joints 

Defect Types LOF, Lack of penetration, Cracks, Slag, Porosity Surface cracks, Porosity 

Defect Lengths 7mm - 800mm 40mm - 640mm 

Detection Volumetric Surface 

Disparity Analysis 

The key disparity is that UT identified numerous rejectable defects that PT did not detect. Specifically: 

• Joint C4 had multiple UT rejectable defects (C4F3-T2, C4 defects at 135cm and 190cm) 

• Joint C2F3 had UT rejectable defects (C2F3-T1) 

• Joint C8 had UT rejectable defects (C8F3-T4) 

• Joint H3 had UT rejectable defects (H3 with LOF) 

• Joints H1, H37, H73, H75, H59, H81 had UT rejectable defects 

In many of these cases, PT either reported "No Indication" or accepted the welds. For example: 

• C4F3-T2 (UT rejectable at 80mm) corresponds to C4 joints that PT accepted or only found minor 

indications 

• C8F3-T4 (UT rejectable at 10mm) corresponds to C8 joints that PT accepted 

• H3 (UT rejectable at 50mm LOF) corresponds to H3 joints that PT accepted 

Defect Type Analysis 

The UT data shows a predominance of: 

• Lack of Fusion (LOF): Multiple indications (C2F3-T1, C3 with 444-455 cm LOF, H37 with LOF, 

etc.) 

• Long indications: 800mm, 700mm, 640mm, 600mm lengths 

• Deep indications: Defects referenced to specific depths (e.g., 8.5 cm H) 

• Multiple defects per joint: Some joints (e.g., C4) have multiple rejectable defects 

PT data shows: 

• Surface-breaking defects: Indications at specific locations open to the surface 

• Generally shorter indications: The PT defects that were rejected had lengths of 90mm, 150mm, 

110mm 

• Fewer defects per joint: Each PT inspected joint generally had 0-1 defects 

DISCUSSION 

Technical Explanation for Outcome Disparity 

The disparity between UT and PT results is fundamentally explained by their different physical principles and 

detection mechanisms. This section provides a detailed technical explanation for the observed patterns. 
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Detection Mechanism Differences 

Ultrasonic Testing operates through the transmission and reflection of high-frequency sound waves [30]. The 

key physical principles include: 

• Wave Propagation: Sound waves penetrate through the material volume 

• Reflection at Interfaces: Discontinuities create interfaces with different acoustic impedances 

• Signal Analysis: Reflected signals are analyzed for amplitude, time-of-flight, and characteristics 

This enables UT to detect: 

1. Internal defects that do not reach the surface 

2. Lack of fusion (LOF) where there is incomplete bonding between weld passes or base metal 

3. Slag inclusions in the weld volume 

4. Internal porosity distributed throughout the weld 

5. Subsurface cracks that may not yet have propagated to the surface 

Liquid Penetrant Testing operates through capillary action [31]. The key physical principles include: 

• Surface Wetting: Penetrant must wet the surface and enter defects 

• Capillary Action: Surface tension draws penetrant into narrow openings 

• Indication Formation: Developer draws penetrant out of defects 

This enables PT to detect: 

1. Surface-breaking cracks open to the surface 

2. Porosity that is exposed to the surface 

3. Surface laps and seams 

4. Underbead cracking if it reaches the surface 

Explanation for Specific Disparities 

The documented disparities can be explained by: 

1. LOF (Lack of Fusion) Detection: 

• UT detects LOF through strong reflections from the planar interface at the fusion boundary 

• PT cannot detect LOF unless the area of lack of fusion is open to the surface 

• The documented LOF indications in H3, H37, C3, C9, H59 all represent internal lack of fusion that PT 

would miss 

2. Deep Internal Defects: 

• The UT indications at depths (e.g., 8.5 cm H in C2F3-T1, 23 cm RI in same joint) represent internal 

defects 

• PT detects only surface-breaking portions of defects 

• A defect at 8.5 cm depth would be invisible to PT 

3. Long Continuous Indications: 

• UT identified indications up to 800mm long (C6F1-T1, 800mm) 

• PT would only detect any surface-breaking portion of such long defects 

• The 800mm length suggests a continuous planar lack of fusion, which is a serious structural concern 
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4. Defect Characterization: 

• UT provides detailed characterization (length, depth, orientation, amplitude) 

• PT provides only surface indication of defects 

Practical Implications of Detection Differences 

The detection differences have significant practical implications: 

Quality Assurance Implications: 

• UT is essential for detecting internal defects that compromise structural integrity 

• PT alone provides insufficient quality assurance for critical welds 

• The documented PT "No Indication" results likely represent missed internal defects 

Safety Implications: 

• Internal LOF defects reduce the effective load-bearing cross-section 

• Such defects can propagate under cyclic loading 

• The 800mm LOF in C6F1-T1 represents a significant structural weakness 

Economic Implications: 

• Identifying UT defects enables repair before service 

• Missed defects could lead to in-service failure with economic consequences 

• However, UT requires higher initial investment and operator skill 

Influence of ASME Acceptance Criteria 

Differences in Acceptance Criteria 

The ASME acceptance criteria for UT and PT differ significantly: 

UT Acceptance Criteria (ASME V/VIII): 

• Indications exceeding 50% of the reference line require evaluation 

• Indications exceeding 80% of the reference line are generally unacceptable 

• Defect length criteria depend on component thickness 

• Indications characterized as cracks, lack of fusion, or incomplete penetration are unacceptable 

regardless of length [32] 

PT Acceptance Criteria (ASME VIII): 

• Linear indications > 1/16" (1.6mm) are unacceptable 

• Rounded indications > 3/16" (4.8mm) are unacceptable 

• Cracks are unacceptable 

• Indications are evaluated by length [33] 

Application to Documented Cases 

The documented UT rejections frequently involved: 

• LOF indications (cracks, lack of fusion) which are automatically rejectable under ASME criteria 

• Defects exceeding length criteria: Many indications exceeded allowable length 

• High amplitude indications: 80% reference amplitude indicates significant reflector 
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The PT acceptances predominantly involved: 

• No Indication: When no surface indication was present 

• Acceptable indications: Even when indications were present, they may have been below the rejectable 

length criteria 

Code Philosophy and Method Selection 

The ASME code philosophy recognizes that different methods have different capabilities: 

• UT is the preferred method for volumetric examination 

• PT is appropriate for surface examination 

• The code provides method-specific acceptance criteria to reflect these differences 

The critical point is that a PT acceptance does not constitute an assessment of internal weld quality. A weld can 

be acceptable by PT criteria but contain unacceptable internal defects. 

Implications for Quality Assurance Programs 

Method Selection Strategy 

Based on the findings, the following method selection strategy is recommended: 

Critical Structural Welds: 

• Primary: Ultrasonic Testing for volumetric examination 

• Secondary: Liquid Penetrant Testing or Magnetic Particle Testing for surface examination 

• Rationale: Internal defects are the primary concern for structural integrity 

Less Critical Welds: 

• Primary: Liquid Penetrant Testing for surface examination 

• Secondary: If defects are found, follow-up with UT for characterization 

• Rationale: Surface defects are the primary concern for less critical applications 

Defect-Specific Selection: 

• If LOF is the primary concern: Use UT 

• If surface cracks are the primary concern: Use PT 

• If both are possible: Use both methods 

Operator Training and Qualification 

The findings highlight the importance of operator training: 

• UT requires extensive training and qualification 

• PT requires sufficient training for proper application 

• Interpretation of results requires understanding of each method's capabilities and limitations 

Recommendations: 

1. Ensure UT operators are certified to ASNT Level II or equivalent 

2. Ensure PT operators are certified to ASNT Level II or equivalent 

3. Provide training on method-specific acceptance criteria 

4. Provide training on interpreting results from multiple methods 
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Documentation and Reporting 

The documented UT report provided comprehensive information on: 

• Defect type, location, length, and depth 

• Amplitude relative to reference level 

• Joint code and position 

The PT reports provided: 

• Indication location 

• Weld length 

• Acceptance decision 

Recommendations for improved reporting: 

1. Standardize defect characterization across methods 

2. Clearly document method limitations 

3. Provide interpretive guidance for combined results 

4. Document acceptance criteria application 

Cost and Operational Considerations 

Cost Comparison 

Ultrasonic Testing typically involves: 

• Higher equipment cost (transducers, instruments, calibration blocks) 

• Higher operator training and certification costs 

• Higher labor cost (more skilled operators) 

• Lower throughput (more time per weld) 

Liquid Penetrant Testing typically involves: 

• Lower equipment cost (spray cans or simple equipment) 

• Lower operator training costs 

• Lower labor cost (less skilled operators) 

• Higher throughput (faster per weld) 

Operational Considerations 

Ultrasonic Testing: 

• Requires surface preparation for good coupling 

• May be limited in complex geometries 

• Can be affected by material grain structure 

• Has specific access requirements 

Liquid Penetrant Testing: 

• Requires thorough cleaning and surface preparation 

• Has temperature limitations 

• Can produce false indications from surface contamination 

• Requires adequate ventilation 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XIII Issue VI June 2026 

 

 

Page 5034 www.rsisinternational.org 

 

 

Cost-Benefit Analysis 

The cost-benefit analysis should consider: 

• Direct inspection costs 

• Repair costs from defect identification 

• Consequence of missed defects (failure costs) 

• Long-term reliability and life-cycle costs 

The documented UT rejections identified significant defects that would have been missed by PT alone. The 

repair costs from UT identification are justified by the safety and reliability benefits. 

Recommendations for Practice 

Based on this analysis, the following recommendations are made: 

1. Method Selection Matrix: 

• Develop a risk-based matrix for selecting UT, PT, or both 

• Consider component criticality, defect type likely, and operational conditions 

2. Hybrid Inspection Approach: 

• Implement UT as primary volumetric inspection for critical welds 

• Implement PT or MT as supplementary surface inspection 

• Document results from both methods for comprehensive assessment 

3. Enhanced Training: 

• Provide comprehensive training on method selection 

• Emphasize understanding of method limitations 

• Provide training on interpreting disparate results 

4. Improved Documentation: 

• Standardize defect characterization and reporting 

• Clearly document method used and its limitations 

• Provide guidance for interpreting combined results 

5. Risk Assessment Integration: 

• Integrate NDT results with risk assessment 

• Consider consequences of missed defects 

• Prioritize repairs based on risk 

CONCLUSION 

Summary of Findings 

This comparative analysis of ultrasonic testing and liquid penetrant testing for weld quality assessment has 

revealed several key findings: 

1. Fundamental Detection Differences: 

• UT, as a volumetric method, can detect internal discontinuities including lack of fusion, slag inclusions, 

and internal porosity 
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• PT, as a surface method, detects only surface-breaking discontinuities 

• The disparity in documented results is explained by these detection differences 

2. Defect Characteristics: 

• UT identified numerous rejectable defects including LOF indications up to 800mm in length 

• PT predominantly reported "No Indication" on the same or similar welds 

• The defects identified by UT represent significant structural concerns that would be missed by PT 

3. Acceptance Criteria Influence: 

• ASME acceptance criteria differ significantly between UT and PT 

• The criteria are method-appropriate but cannot be directly compared 

• A "Yes" decision for PT does not indicate internal weld quality 

4. Quality Assurance Implications: 

• PT alone provides insufficient quality assurance for critical structural welds 

• UT is essential for detecting internal defects that could compromise structural integrity 

• A hybrid approach incorporating both methods provides the highest level of assurance 

Answer to Research Questions 

Primary Research Question: Why would PT indicate a high pass rate while UT reveals a significant fail rate 

on similar welded steel structures? 

The disparity is explained by the fundamentally different detection mechanisms of the two methods. UT 

detects internal discontinuities that are invisible to PT. In the documented cases, the UT rejectable defects were 

primarily internal LOF indications that would not be open to the surface and thus would not be detected by PT. 

The PT reports of "No Indication" on these welds do not indicate weld quality but rather reflect the method's 

inability to detect internal defects. 

Secondary Research Questions: 

What are the inherent limitations and capabilities of UT and PT in detecting different types of weld 

discontinuities? 

1. UT is capable of detecting internal planar defects (LOF, cracks) and volumetric defects (slag, porosity) 

at significant depths. PT is limited to surface-breaking defects but is highly sensitive to such defects 

when properly applied. 

To what extent does the ASME acceptance criteria influence pass/fail decisions for each method? 

2. ASME criteria are method-specific, with UT criteria based on amplitude and length of internal 

indications, and PT criteria based on surface indication length. The criteria appropriately reflect each 

method's capabilities but result in different pass/fail decisions for the same weld. 

What are the cost-effectiveness and reliability trade-offs between using these two methods for post-weld 

inspection? 

3. UT involves higher initial costs (equipment, training) but provides superior detection of internal 

defects. PT is less expensive but provides only surface information. For critical applications, the 

additional cost of UT is justified by the enhanced reliability. 
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Research Contributions 

This study contributes to the field of NDT in several ways: 

1. Empirical Evidence: Provides documented inspection data demonstrating the practical implications of 

method selection decisions. 

2. Technical Analysis: Offers detailed technical explanations for why disparate results occur between UT 

and PT. 

3. Practical Recommendations: Provides evidence-based recommendations for improving quality 

assurance programs. 

4. Risk-Based Framework: Contributes to the development of risk-based inspection strategies. 

Limitations and Future Research 

Limitations 

This study acknowledges several limitations: 

1. The data did not include destructive testing to validate NDT findings 

2. The specific welding procedures and parameters were not fully documented 

3. Operator variables in both UT and PT procedures could influence results 

4. The comparison involves different sets of weld joints 

5. The data represent a single project context 

Future Research Directions 

1. Validation Study: 

• Conduct destructive testing of welds examined by both UT and PT 

• Correlate NDT indications with actual defect characteristics 

• Establish reliability of each method 

2. Probability of Detection (POD) Analysis: 

• Establish quantitative POD curves for UT and PT on representative weld configurations 

• Determine effect of defect characteristics on detectability 

• Establish confidence limits for detection 

3. Risk Assessment Integration: 

• Develop risk-based framework for NDT method selection 

• Consider safety, cost, and operational factors 

• Provide quantitative guidance for method selection 

4. Operator Effects: 

• Study the influence of operator experience on detection reliability 

• Evaluate different training approaches 

• Establish minimum qualification requirements 

5. Hybrid Method Development: 

• Develop integrated approaches combining multiple methods 

• Optimize inspection strategies for different applications 

• Establish best practices for method combination 
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Final Recommendations 

For Quality Assurance Programs: 

1. Implement risk-based method selection 

2. Use UT as primary volumetric inspection for critical welds 

3. Use PT as supplementary surface inspection 

4. Document results from both methods 

For Operators and Inspectors: 

1. Understand each method's capabilities and limitations 

2. Apply acceptance criteria appropriately 

3. Document all findings and methods used 

4. Interpret results considering method limitations 

For Standards Developers: 

• Develop integrated method selection guidance 

• Provide clear guidance on method combination 

• Address operator training and qualification requirements 

• Establish quality requirements for documentation 
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