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Ron Lansing works as Senior Consulting Engineer for 
M&M Engineering Associates, Inc. in Austin, Texas .  
He is a Registered Professional Engineer in the specialty 
of Metallurgical Engineering.  His early experience 
included performing nondestructive (NDE) testing in the 
field and in the laboratory.

Â Ron has coordinated a wide variety of onsite 
equipment assessment tasks for life assessment 
including metallurgical testing, nondestructive 
testing and remote video examination.  

Â He has conducted failure investigations, led field 
welding projects to expedite emergency repairs, and 
supported normal plant outage NDE inspection and 
repair activities. These have included rapid response 
modifications, and follow -up inspection and 
recommendations. 



Introduction

Â Industrial equipment inspection almost always starts with visual 

examination and is then followed by nondestructive (NDE) 

testing.  Behind the findings and results of these examinations are 

the underlying metallurgical damage mechanisms.  When an 

inspector sees corrosion, erosion, cracking or wear damage it is 

important to know or track down why and/or how did this damage 

occur.  Identifying the damage mechanism is very important to 

these decisions ð what NDE method to use, where to use each 

method and how much to testing to do.

Â This presentation will be an overview of metallurgical damage 

mechanisms from a visual examination point of view with 

comments about appropriate NDE follow -up.  Various industrial 

case examples (from Pulp and Paper, Utility and Refinery 

Industries) will be discussed with some exploration of 

metallurgical microstructure examinations.  Notes on hardness 

testing techniques are attached as an Appendix that we will 

discuss if time permits.
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Visual Examination (VT)

What can we say about VT?

ÅJust lookinô at stuff!

(anybody can do that!)

ÅToo little emphasis on complete, well 

documented VT.

Å Too little training or exposure to the signs of 

equipment damage.
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Often, we are looking for the ñneedleò in the 

haystack.

Big Picture

ñNeedleò =

Not Weld defect or crack

Not the blip on the UT screen

Not even metallurgistsô beloved

Damage Mechanisms

Inspection: Visual Examination and 
Nondestructive Testing



Buté..

Plant owners are looking for 

the correct ñfixò to their

outage problems.

Needle          DM       Fix



The focus of this presentation 
will be to share information 
about the link between the 
ñneedleò found by NDE and 

the damage mechanisms that 
cause them.  



Visual Examination Basics

As for all NDE methods you will need:

ÍKnowledge

ÍTools

ÍComponent Preparation

ÍReporting



VT Tools

¤Light and/or Lighting

¤Scraper or other local cleaning tools

¤Magnetic scribe

¤Two 6 - inch machinist scales

¤Rock -over pit/depth gauge

¤Digital camera



Optional VT Tools

¤Stainless to Carbon Steel Interface

ÍCopper sulphate stain

¤Distortion

ÍStraight edge for reference

ÍPI Tape for circumference 

measurement

ÍDepth gauge that can measure 

rise   (as in bulges)



VT Preparation

ÂACCESS!

ÂCleaning

Şcraping

¸Wire Brushing

F̧lapper Sanding

¸Grinding

Şurface Blasting



VT Knowledge

ÅSchooling

ÅWord of Mouth

ÅConference Learning

ÅField Experience



VT Reporting

ÅDegree of Problem (area, number of 

defects, number per square foot or inch)

ÅDefect Size

¤Length, Width, Depth

ÅOrientation

¤Circumferential, 

¤Longitudinal, 

¤Transverse 

Í(and to what!)



ÅSurface Condition

¤Smooth or Rough

¤Pits/pitted

¤Grooved

¤Gone!

¤Color

ÅProducts or Oxides

¤Tight or Loose

¤Heavy or Thin

¤Color



Table Abbreviations

VT -Visual Testing

PT -Penetrant Testing

UT -Ultrasonic Thickness Testing

UTS -Ultrasonic Shearwave Testing

WFMT-Wet Fluorescent Magnetic Particle 

Testing

RT -Radiographic Testing

ET -Eddy Current Testing

Macro -Magnified Visual Examination

Micro -Metallographic Examination



Damage Mechanisms, NDE 
and Metallurgical Testing

 
Looks 

Like 

Damage 

Mechanism 
Sub Mechanism NDE Method 

Metallurgical 

(Destructive) 

Testing 

Notes 

VISUAL 

EXAM  

Metal 

Missing 

Wear 
Abrasive Wear 

VT only 

Macro & Micro 

Exam 

ñFlowò Pattern 

Fretting ñPhonoò Grooves 

Erosion 
Erosion 

VT only Need ñfluidò 
Cavitation 

Corrosion 

Erosion/Corrosion, 

Flow Assisted 

Corrosion (FAC) 

VT, UTT, (RT, 

EFT) 
Temperature, Pressure, 

Turbulence 

Atmospheric 

VT mostly 

(UTT for 

measurement, 

ET for Tubes) 

Macro Exam 

 

Uniform  

Galvanic Preferential Weld Corrosion 

Crevice 

(Under deposit) 
Includes Under Insulation 

Pitting  

Microbiological  

(MIC) 

Macro & Micro 

Exam 
DNA confirmation  

Intergranular Micro Exam Caustic Cracking, CS 
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Mechanism 
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(Destructive) 

Testing 

Notes 

VISUAL 

EXAM  
Cracks 

Corrosion 

Cracks 

Stress Corrosion 

Cracking (SCC) 

VT, PT, 

WFMT, ET 

Macro and 

Micro Exam 

Chlorides and Sulfides 

Fatigue 

Corrosion Fatigue (also 

SAC) 

VT, PT, ET, 

WFMT, RT 

RT for internal surfaces like 

tubes 

Fatigue (cyclic stress 

only) 

VT, PT, 

WFMT, RT 

Thermal Fatigue 
VT, PT, ET, 

WFMT, RT 

Mechanical 

Damage 

Overload VT only (ET 

for tubes) 
Check design & operation 

Abuse 

Creep Creep Rupture VT only 
Temperature above 900F, 

stress, time. 
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Hydrogen 

Damage 
--- 

Atomic Hydrogen, 

Methane at Grain 

Boundaries (steels) 

Overheat --- VT Temp and Time 
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Erosion Damage

¸Boiler deaerator, steam inlet directed into a 

target plate.

¸Erosion removed metal from pressure vessel 

shell and head causing local thinning.

¸ Pit depth gauge and UT used to quantify 

remaining wall thickness.

¸Sacrificial plate welded over damage.



Steam Erosion Damage 
in Deaerator
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Flow - Assisted Corrosion, FAC 
(aka, Erosion - Corrosion)

¸Heat Recovery Steam Generator (HRSG) unit, 

low pressure drum risers.

¸2 ¼ - inch x 0.12 - inch thick SA 178a tubes.

¸FAC observed visually after five years in service.

¸Oxide color was black in FAC area instead of red.

¸UTT confirmed VT observations of thinning at:

¤Last elbow before the drum.

¤The tube throat inside drum.

¤Also at water recirculation nozzles to drum.



FAC LP Drum Riser



FAC 
(Looking Into Recirculation Piping)
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MIC Damage of Type 316L 
Stainless Steel



Microbiologically - Induced 
Corrosion, (MIC)

¸Microbes, some feed on iron oxide and 

others excrete acid.

¸Metal damage looks like pitting but tends to 

be flat or round bottomed.

¸May smell, may have tubercles ñgrowingò on 

top of the hole. 


