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Eddy Current Array (ECA) Surface Inspection

Introduction

• An Eddy current array, in its simplest form, is a series of single

elements arranged in a row, allowing users to cover a larger

area in a single pass than conventional, single-coil probes

(i.e., pencil probes using ECT. However, this could lead to

suboptimal results. That’s why ECA probes use multiplexing

for smaller defect identification.

Comparative Analysis
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Benefits

ECA is a major improvement over single-element (ECT) because:

•Faster inspections

•Wider coverage

•Less operator dependent — eddy current array probes yield more consistent results 

compared to manual raster scans

•Better detection capabilities

•Easier analysis because of simpler scan patterns

•Improved positioning and sizing because of encoded data

•Eddy current array probes can easily be designed to be flexible or shaped to 

specifications, making hard-to-reach areas easier to inspect
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Eddy current Array (ECA) Weld Inspection for Ferromagnetic and Non-
Ferromagnetic material

**************** EOR **************** 

Applications

ECA is a major improvement over single-element (ECT) because:

• Stress Corrosion Cracking Direct Assessment on Pipelines

• Cracks on High-Temperature Emulsion Pipelines

• Early-Stage Detection of Chloride Stress Corrosion Cracking (CSCC) in Stainless Steel Assets

• Storage tanks parent metal, Butt welds and fillet welds.

• LNG tank floors

• Pressure vessels

• Stainless steel tanks: food and beverage industry

• Yellow Jacket™ piping

• Corrosion underneath coatings

• Railway wheels and shafts

• Non-Ferromagnetic Cladding and welds
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Approvals:

Aramco Approves TCR for Pipeline ECA

Engineering Critical Analysis (ECA) is a sophisticated approach employed to

determine alternative acceptance criteria for weld defect lengths versus depths. As

per the guidelines outlined in API 1104 – Option 2, ECA provides a framework to

assess the structural integrity of pipeline girth welds by considering critical

parameters such as fracture toughness, residual stresses, and combined axial

stresses. This blog post delves into the detailed methodology for performing ECA in

the context of Saudi Aramco’s Jafurah Gas Compression Plants and PWIS

(Package-1) project. TCR has undertaken this work as a vendor for MANARAH AL-

JUBAIL CONT. CO. LTD., with Saudi Aramco being the end client.

Project Scope

The scope of this analysis includes:

Assessment of girth welds:

Full circumferential welding of the pipeline using the same Welding Procedure 

Specification (WPS) intended for actual fabrication.

Specimen preparation from specified positions of the pipe—12’o clock, 6’o 

clock, and either 3’o clock or 9’o clock positions.

Laboratory Testing:

Fracture Toughness Tests: Conduct six Crack Tip Opening Displacement 

(CTOD) tests—3 from weld metal and 3 from Heat Affected Zone (HAZ).

Impact Tests: Perform six tests—3 each from the weld and HAZ.

Tensile Tests: Conduct tests with the weld centered in the specimen (up to 3 

samples).

Finite Element Analysis (FEA):

Utilize advanced FEA tools to model stress distribution and calculate the 

combined axial stresses (σa) and related factors.

ECA Report Submission:

Develop a comprehensive ECA report aligned with API 1104 – Annex A, 

Option 2.
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Detailed Methodology

A. Specimen Collection and Preparation

The customer is required to weld a full circumference of the pipe using the actual 

WPS for fabrication. From this, three cut pieces measuring 350mm x 350mm will be 

extracted from specific positions:

12’o clock: Top section.

6’o clock: Bottom section.

3’o clock or 9’o clock: Side sections.

These specimens will be sent to TCR’s laboratory for further analysis without 

additional cutting to preserve their structural integrity.

B. Testing Procedures

1. Fracture Toughness Testing

Crack Tip Opening Displacement (CTOD) tests will be performed on:

3 samples from the weld metal.

3 samples from the HAZ.

This evaluates the material’s toughness and its ability to withstand 

crack propagation at the Minimum Design Metal Temperature 

(MDMT).

2. Impact Testing

Impact energy absorption will be assessed on:

3 samples from the weld metal.

3 samples from the HAZ.

3. Tensile Testing

Tensile tests will be conducted to evaluate the weld joint’s overall 

strength under uniaxial loading.

C. Finite Element Analysis (FEA)

Using advanced software, TCR experts will perform FEA to:

Model stress distributions across the girth weld joint.

Calculate combined axial stresses (σa).

Simulate real-world loading conditions.

D. ECA Report Compilation

A detailed report will be prepared based on the following:

Results from CTOD, impact, and tensile tests.

Stress analysis findings from FEA.

Tabulated tolerable defect sizes based on percentage of wall thickness (e.g., 10%, 

20%, 30%, etc.) and circumferential length.
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API 1104 Compliance: Option 1 vs Option 2

Option 2: Comprehensive Analysis

This approach involves a detailed evaluation using multiple test specimens from 

different orientations, ensuring a robust assessment of weld integrity.

Option 1: Simplified Analysis

If a general ECA is required, the following will be performed:

One CTOD test.

One impact test.

One tensile test.

This approach provides a basic evaluation but may lack the depth of Option 2.

Key Considerations

Pipeline Wall Thickness: Each ECA assessment will address variations in pipeline wall 

thickness. The objective is to define tolerable defect sizes as a percentage of wall 

thickness and in absolute units (millimeters).

Residual Stresses: Residual stresses will be estimated following Annexure 9D of API 

579/ASME FFS-1.

Material Restrictions: WPS must be limited to materials with carbon equivalents (CE-

IIW) not exceeding the qualification coupon. This ensures adequate hardness and 

consistency with production conditions.

Conclusion

TCR’s expertise in performing advanced ECA ensures comprehensive evaluation of

pipeline girth welds. With capabilities extending to CTOD assessments, FEA, and

real-world damage analysis, we deliver actionable insights to ensure the structural

integrity and safety of critical pipeline systems. Whether you require API 1104-

compliant evaluations or customized solutions, TCR in India as well TCR Arabia in

Saudi Arabia are your partner in achieving excellence in engineering assessments.

ASNT Partner ISO 9001-2015 Certified ISO 17025 Accredited
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ARAMCO & SABIC Appreciation Letters:
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Material Testing
Mechanical
Tensile, Impact, Hardness, Bend,
Elongation, Yield
Corrosion
ASTM A923, A262, G28, G48
Welder Qualification
WPS, PQR, WQT, Welder Certification
Civil Laboratory
Construction Material  Testing, Concrete,
Soil, Aggregates & Field Tests

Non-Destructive Testing (NDT)
Conventional NDT
RT, MT, PT, UT, UTT, FM, PMI, HT
Advanced NDT
ToFD, PAUT, Corrosion Mapping
Helium Leak, Thermography, MFL
ECT, RFT, IRIS, HTHA, High Temp UT

Inspection Manpower
NDT Technicians, Plant Inspectors, 
Inspection Engineers, Corrosion 
Engineers

TESTING

INSPECTION

CONSULTING

• Stress Analysis
• Risk Based Inspections (RBI)
• Damage Mechanism Study
• Third Party Inspection
• Coker Drum Inspection
• Trainings (NDT, Metallurgy, Welding)
• Plant Asset Integrity Management
• Corrosion Study

Metallurgy Testing
In-situ Metallography,
Failure Investigation
Remaining Life Assessment
Fitness for Service

Robotic Inspection Services
Submersible Inspections
Inspection of buried &
above ground
assets

Non-Metallic Testing Lab.
FRP/GRP/Composite Lab 
Testing

ASNT Partner ISO 9001-2015 Certified ISO 17025 Accredited
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TCR Arabia Head Office & Labs are located in Dammam
Branch Offices in Jubail & Yanbu

GPS Location: 26.450525, 50.193787 

ASNT Partner ISO 9001-2015 Certified ISO 17025 Accredited
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TCR Arabia is featured on The Gulf Time newspaper page 8 under Energy  dated 14 
June 2023
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Celebrating 50 years of TCR
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TCR Arabia will be participating in:

SABIC TECHNICAL MEETING 2025

January 26-30, 2025

3rd ASSET INTEGRITY & PROCESS SAFETY 2025

May 13-15, 2025



Events

TCR Arabia Company Limited

Inspection, Testing & Advisory
Redefining Reliability

Best Employee Awards 3rd Quarter 

Gold Award: Hasan Sadik Silver Award: Ehsanullah Bronze Award: Ahmed Raza
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SEC Audit

IRISS-TCR Event
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TCR Arabia participates in ISNT Conference in Chennai, India
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ChampionX Visit TCR Arabia
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Mr. Periasamy Senthil’s contribution to American Society of Non-Destructive 

Testing (ASNT) in releasing the Volume 4 of Thermal and Infrared Testing


