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B Ron has coordinated a wide variety of onsite
equipment assessment tasks for life assessment
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welding projects to expedite emergency repairs, and
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repair activities. These have included rapid response
modifications, and follow-up inspection and
recommendations.
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Introduction

B Industrial equipment inspection almost always starts with visual
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\i\\\\\\i\\\\\\\\\ Wl ///////////Z////// examination and is then followed by nondestructive (NDE)
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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— what NDE method to use, where to use each
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B 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.




Visual Examination (VT)

What can we say about VT?
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Visual Examination (VT)

What can we say about VT?
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e Just lookin’ at stuff!

(anybody can do that!)
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Visual Examination (VT)

What can we say about VT?
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e Just lookin’ at stuff!

(anybody can do that!)
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e Too little emphasis on complete, well
documented VT.




Visual Examination (VT)

What can we say about VT?
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e Just lookin’ at stuff!

(anybody can do that!)
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e Too little emphasis on complete, well
documented VT.

e Too little training or exposure to the signs of

equipment damage.




Inspection: Visual Examination and
Nondestructive Testing
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\\\\\\\\\\\\\ Wy, 4
g // haystack.

N =/
Wy
. //////////////mmnm\\\\\\\\\\\\\\\\\\\\\




Inspection: Visual Examination and
Nondestructive Testing
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Inspection: Visual Examination and
Nondestructive Testing
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Inspection: Visual Examination and
Nondestructive Testing
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Inspection: Visual Examination and
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Not the Blip on the UT screen




Inspection: Visual Examination and
Nondestructive Testing
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haystack.
Big Picture
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Not the blip on the UT screen

Not even metallurgists’ beloved

Damage Mechanisms




But.....

My Plant owners are looking for
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the correct “fix” to their

outage problems.
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The focus of this presentation
will be to share information
about the link between the
“"needle” found by NDE and

the damage mechanisms that

cause them.



Visual Examination Basics
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As for all NDE methods you will need:

O . 7
~ e + Knowledge
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\ + Tools

+ Component Preparation

+ Reporting




VT Tools
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» Scraper or other local cleaning tools
» Magnetic scribe

» Two 6-inch machinist scales
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» Digital camera




Optional VT Tools

» Stainless to Carbon Steel Interface
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+ Copper sulphate stain
» Distortion

+ Straight edge for reference
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measurement

+ Depth gauge that can measure
rise (as in bulges)




VT Preparation
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® Scraping
Uy ~ \\\\\\\\\\\\\ e Wire Brushing
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e Flapper Sanding
® Grinding

e Surface Blasting




VT Knowledge
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e Schooling

e \Word of Mouth
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e Field Experience




VT Reporting

e Degree of Problem (area, number of
defects, number per square foot or inch)
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e Defect Size

» Length, Width, Depth
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» Circumferential,
» Longitudinal,
» Transverse

+ (and to what!)




e Surface Condition
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» Smooth or Rough

» Pits/pitted

» Grooved
O i, » Gone!
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e Products or Oxides
» Tight or Loose
» Heavy or Thin

» Color




Table Abbreviations
VT  -Visual Testing
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PT -Penetrant Testing
UT  -Ultrasonic Thickness Testing
UTS -Ultrasonic Shearwave Testing
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RT -Radiographic Testing
ET -Eddy Current Testing
Macro-Magnified Visual Examination

Micro -Metallographic Examination
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Damage Mechanisms, NDE
and Metallurgical Testing

Looks Damage Metallurgical
Like Mechanism Sub Mechanism NDE Method (Destru_ctlve) Notes
Testing
Abrasive Wear “Fl ow” Pat't
Wear - VT onl
Fretting y “ P h o Gmwdves
Erosion Ergspn VT only Macro & Micro Need “f 1l uid
Cavitation Exam
Erosion/ Cor_rosmn, VT, UTT, (RT, Temperature, Pressure,
Flow Assisted EFT) Turbulence
Corrosion (FAC)
VISUAL | Metal Atmospheric
EXAM | Missing Uniform
. Galvanic Preferential Weld Corrosion
Corrosion Crevice VT mostly Macro Exam
. Includes Under Insulation
(Under deposit) (UTT for
— measurement,
Pitting ET for Tubes)
Microbiological Macro & Micro . .
(MIC) Exam DNA confirmation
Intergranular Micro Exam Caustic Cracking, CS
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Metallurgical
LO.OkS Damage Sub Mechanism NDE Method (Destructive) Notes
Like Mechanism Testing
Corrosion Stress Corrosion VT, PT, . .
Cracks Cracking (SCC) WFMT, ET Chlorides and Sulfides
Corrosion Fatigue (also VT, PT, ET,
SAC) WEMT, RT
Fatigue Fatigue (cyclic stress VT, PT, RT for internal surfaces like
\ VISUAL | only) \\;\'/I'FI\I;I:I'F ER'-I'r Macro and tubes
EXAM i LB Micro Exam
Thermal Fatigue WEMT. RT
Mechanical Overload VT only (ET . .
Damage Abuse for tubes) Check design & operation
Creep Creep Rupture VT only Tempegft:l:gsl;e ?it:ﬁ:e 900F,




Damage Mechanisms, NDE
and Metallurgical Testing
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Damage Mechanisms, NDE
and Metallurgical Testing

Looks Damage Metallurgical
Like Mechanism Sub Mechanism NDE Method (Destru_ctlve) Notes
Testing
Abrasive Wear “Fl ow” Pat't
Wear - VT onl
Fretting y “ P h o Gmwdves
Erosion Ergspn VT only Macro & Micro Need “f 1l uid
Cavitation Exam
Erosion/ Cor_rosmn, VT, UTT, (RT, Temperature, Pressure,
Flow Assisted EFT) Turbulence
Corrosion (FAC)
VISUAL | Metal Atmospheric
EXAM | Missing Uniform
. Galvanic Preferential Weld Corrosion
Corrosion Crevice VT mostly Macro Exam
. Includes Under Insulation
(Under deposit) (UTT for
— measurement,
Pitting ET for Tubes)
Microbiological Macro & Micro . .
(MIC) Exam DNA confirmation
Intergranular Micro Exam Caustic Cracking, CS




Erosion Damage

e - _ _ _
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target plate.

® Erosion removed metal from pressure vessel
shell and head causing local thinning.
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e Sacrificial plate welded over damage.




Steam Erosion Damage
in Deaerator
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and Metallurgical Testing

Looks Damage Metallurgical
Like Mechanism Sub Mechanism NDE Method (Destru_ctlve) Notes
Testing
Abrasive Wear “Fl ow” Pat't
Wear - VT onl
Fretting y “ P h o Gmwdves
Erosion Ergspn VT only Macro & Micro Need “f 1l uid
Cavitation Exam
Erosion/ Cor_rosmn, VT, UTT, (RT, Temperature, Pressure,
Flow Assisted EFT) Turbulence
Corrosion (FAC)
VISUAL | Metal Atmospheric
EXAM | Missing Uniform
. Galvanic Preferential Weld Corrosion
Corrosion Crevice VT mostly Macro Exam
. Includes Under Insulation
(Under deposit) (UTT for
— measurement,
Pitting ET for Tubes)
Microbiological Macro & Micro . .
(MIC) Exam DNA confirmation
Intergranular Micro Exam Caustic Cracking, CS




Flow-Assisted Corrosion, FAC

(aka, Erosion-Corrosion)
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® Heat Recovery Steam Generator (HRSG) unit,
low pressure drum risers.

® 2 Ya- inch x 0.12-inch thick SA 178a tubes.

® FAC observed visually after five years in service.
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e 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
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FAC

(Looking Into Recirculation Piping)
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Microbiologically-Induced
Corrosion, (MIC)
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® Microbes, some feed on iron oxide and
others excrete acid.

® Metal damage looks like pitting but tends to
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e May smell, may have tubercles “"growing” on
top of the hole.




MIC damage of Type 304L
Stainless Steel from Bacteria
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SCC in Refinery
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Metallurgical
LO.OkS Damage Sub Mechanism NDE Method (Destructive) Notes
Like Mechanism Testing
Corrosion Stress Corrosion VT, PT, . .
Cracks Cracking (SCC) WFMT, ET Chlorides and Sulfides
Corrosion Fatigue (also VT, PT, ET,
SAC) WEMT, RT
Fatigue Fatigue (cyclic stress VT, PT, RT for internal surfaces like
\ VISUAL | only) \\;\'/I'FI\I;I:I'F ER'-I'r Macro and tubes
EXAM i LB Micro Exam
Thermal Fatigue WEMT. RT
Mechanical Overload VT only (ET . .
Damage Abuse for tubes) Check design & operation
Creep Creep Rupture VT only Tempegft:l:gsl;e ?it:ﬁ:e 900F,




Stress Corrosion Cracking (SCC)

e Refinery Heater, Stainless Steel Piping

g
\\\\\\QQ\\\\\\\\\ — W%///// e Leaks observed at elbows.

e Visual cracks present after cleaning.

o PT confirmed VT observations of multi-
directional cracking.

O .
////////////// T -
//////////////////////mmm\\\\\\\\\\\\\\\\ 4 eCross section showed through wall cracks

at welds.

® Metallographic microscope confirmed SCC
branching cracks

® Energy Dispersive Spectrography (EDS)
spectroscopy found Chlorides to be
heavy.




SCC- PT of Inside Surface
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SCC Cracks at Welds
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Metallography

e Metallography shows microscopic grain
structure, heat history and damage clues.

e Polishing local sites (size of a fifty cent piece)
to 9-micron jeweler’s finish.

e Etch area with acids and stains to reveal
microstructure of metal at that spot.

e Photomicrograph or replica made to document
observations.

e Operator technique and interpretation
dependant.



SCC Cracks-
Metallographic Etched Cross-Section
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Metallurgical
LO.OkS Damage Sub Mechanism NDE Method (Destructive) Notes
Like Mechanism Testing
Corrosion Stress Corrosion VT, PT, . .
Cracks Cracking (SCC) WFMT, ET Chlorides and Sulfides
Corrosion Fatigue (also VT, PT, ET,
SAC) WEMT, RT
Fatigue Fatigue (cyclic stress VT, PT, RT for internal surfaces like
\ VISUAL | only) \\;\'/I'FI\I;I:I'F ER'-I'r Macro and tubes
EXAM i LB Micro Exam
Thermal Fatigue WEMT. RT
Mechanical Overload VT only (ET . .
Damage Abuse for tubes) Check design & operation
Creep Creep Rupture VT only Tempegft:l:gsl;e ?it:ﬁ:e 900F,
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Thermal Fatigue and ...
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Thermal Fatigue Cracking
e Hospital fire-tube boiler.

® Leaks observed in tube sheet and weld repaired.

| ® WFMT found straight cracks present after

cleaning.

® Cross section found unexpected old through wall
cracks in weld.

® Metallographic microscope confirmed SCC
branching in old crack.

® Scanning Electron Microscope (SEM) confirmed
SCC on fracture surface.



Thermal Fatigue Crack

\ . .'4‘,_‘ ‘x.;" .‘f,::c':"v
\\\\\\\\\\\\\\ N, s =

-

/ \\\\\\\\\\\\\ Il ///////////// \

O \\\\\ /
/ M I \\\\\\\\
. /////////////////mnm\\\\\\\\\\\\\\\\\\\\\\\\




\\\\\\\\\\\\\\\\\\\\\\\\\\\\lllllﬂl////////////////

\

xx

§

%%//

/

///////

\\\\\\\\\\\\\\\ Il /////////////// W
- /

S\ \\\\\\\\\\\\ \

\
Wm/111||||\\\\\\mw\

Section Cut Out on Edge of
Tube Sheet
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Environmental (Stress
Corrosion Cracking, SCC)
N y - -
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Scanning Electron
Microscope image of SCC
Fracture Surface.
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Metallurgical
LO.OkS Damage Sub Mechanism NDE Method (Destructive) Notes
Like Mechanism Testing
Corrosion Stress Corrosion VT, PT, . .
Cracks Cracking (SCC) WFMT, ET Chlorides and Sulfides
Corrosion Fatigue (also VT, PT, ET,
SAC) WEMT, RT
Fatigue Fatigue (cyclic stress VT, PT, RT for internal surfaces like
\ VISUAL | only) \\;\'/I'FI\I;I:I'F ER'-I'r Macro and tubes
EXAM i LB Micro Exam
Thermal Fatigue WEMT. RT
Mechanical Overload VT only (ET . .
Damage Abuse for tubes) Check design & operation
Creep Creep Rupture VT only Tempegft:l:gsl;e ?it:ﬁ:e 900F,
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Fatigue Cracking
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e Paper Machine Line Shaft, circa 1950.

e Fractured shaft had straight across
direction.

e WFMT found secondary straight cracks
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e Unexpected fretting corrosion visually
seen in the keyway.




Fatigue Fracture at Keyway
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Metallurgical
LO.OkS Damage Sub Mechanism NDE Method (Destructive) Notes
Like Mechanism Testing
Corrosion Stress Corrosion VT, PT, . .
Cracks Cracking (SCC) WFMT, ET Chlorides and Sulfides
Corrosion Fatigue (also VT, PT, ET,
SAC) WEMT, RT
Fatigue Fatigue (cyclic stress VT, PT, RT for internal surfaces like
\ VISUAL | only) \\;\'/I'FI\I;I:I'F ER'-I'r Macro and tubes
EXAM i LB Micro Exam
Thermal Fatigue WEMT. RT
Mechanical Overload VT only (ET . .
Damage Abuse for tubes) Check design & operation
Creep Creep Rupture VT only Tempegft:l:gsl;e ?it:ﬁ:e 900F,




Corrosion Leading to Cracking
aka, Stress-Assisted
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® RT found indications on tube cold-side at
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® Sectioning and bead blast found SAC
that had become cracks.



SAC ID of Boiler Tube

Tube 58 Bottom
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SAC ID of Boiler Tube
(Close-Up View)
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Metallurgical
LO.OkS Damage Sub Mechanism NDE Method (Destructive) Notes
Like Mechanism Testing
Corrosion Stress Corrosion VT, PT, . .
Cracks Cracking (SCC) WFMT, ET Chlorides and Sulfides
Corrosion Fatigue (also VT, PT, ET,
SAC) WEMT, RT
Fatigue Fatigue (cyclic stress VT, PT, RT for internal surfaces like
\ VISUAL | only) \\;\'/I'FI\I;I:I'F ER'-I'r Macro and tubes
EXAM i LB Micro Exam
Thermal Fatigue WEMT. RT
Mechanical Overload VT only (ET . .
Damage Abuse for tubes) Check design & operation
Creep Creep Rupture VT only Tempegft:l:gsl;e ?it:ﬁ:e 900F,




Mechanical Damage
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e Pulp Mill Blow Tank.
e Collapsed due to internal vacuum load.

/ ‘-.
N ///////////// = \\\\\\\\\ \\\ e Visually observed clogged and heavy
////////////”””""‘““\\\\\\\\\\\\\\ vacuum breaker on top.

e Stiffener modification was under-
designed.




Damage from Vacuum
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Wear Leading to Fatigue Cracks
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e W Wy
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Damage Mechanisms, NDE
and Metallurgical Testing
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Metallurgical
LO.OkS Damage Sub Mechanism NDE Method (Destructive) Notes
Like Mechanism Testing
Corrosion Stress Corrosion VT, PT, . .
Cracks Cracking (SCC) WFMT, ET Chlorides and Sulfides
Corrosion Fatigue (also VT, PT, ET,
SAC) WEMT, RT
Fatigue Fatigue (cyclic stress VT, PT, RT for internal surfaces like
\ VISUAL | only) \\;\'/I'FI\I;I:I'F ER'-I'r Macro and tubes
EXAM i LB Micro Exam
Thermal Fatigue WEMT. RT
Mechanical Overload VT only (ET . .
Damage Abuse for tubes) Check design & operation
Creep Creep Rupture VT only Tempegft:l:gsl;e ?it:ﬁ:e 900F,




Wear - Abrasive

. o : . . L
\i\\\\i\i\\\\\\\\\ - /////////Z////// Paper machine bearings failing vibration
\\ ‘ //

testing.

e VVisual inspection found abrasion damage on

races.
N //////////// S \\\\\\\\\ 7 e Lube system review found high temperature
/////////////ﬂﬂunm\\\\\\\\\\\\\\\\‘\ oil and water in system.

e VVisual also found fatigue cracking extending
across the race from the abraded area of
race.




Wear - Abrasive
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Warped Piping from Fire
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Damage Mechanisms, NDE
and Metallurgical Testing
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. D Sub Metallurgical
Lzabs(Libe Me;r]r;?]gijgm Mechl;nism JUDIE EinEe (Destr(iltgti\tg)g'llizjsting pletes
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\ | VISUAL glig;e:ébn’ Hydrogen VT, PT'l\JA./rFSMT' RT, Microstructural Atomic Hydrogen,

/ EXAM Rupture Damage Examination Methane at Grain
///////////// \\\\\\\\\\\ \ Boundaries (sFeeIs)

// Hlllll\\\ \\\\ Overheat VT Temp and Time
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Overheating or Fire Damage

I . L .
E\\\\i\g\\\\\\\\\ e /////////Z/i////// Look for deformation, blistering and/or warping
R\

Look at microstructure.
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Wy,
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Note: Soot, paint and primer intact = no fire
damage to metal.




Pipe in Refinery Fire Zone
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Etched Metallography Site
Normal Carbon Steel, Pearlite Iin

Ferrite Matrix (Small Grains)
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Fire Damaged Carbon Steel
Carbides Migrating to Grain
Boundaries.
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Damage Mechanisms, NDE
and Metallurgical Testing
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. . Creep Se[();z:faitr;on

\ | VISUAL glig;e:ébn’ Hydrogen VT, PT'l\JA./rFSMT' RT, Microstructural Atomic Hydrogen,

/ EXAM Rupture Damage Examination Methane at Grain
///////////// \\\\\\\\\\\ \ Boundaries (sFeeIs)

// Hlllll\\\ \\\\ Overheat VT Temp and Time
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Creep Damage

M L _
\\\\\i\i\\\\\\\\\\ A W%///// Look in high temperature operation areas.

mCarbon Steel in:

= Boiler steam headers.

" Boiler Superheater components.

O . 7
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T \ m

iy //////////////mmm\\\\\\\\\\\\\\\\\?\ L High Energy Piping.

Look for blistering and/or warping.
Measure pipe circumference for swelling.




Creep Damaged Microstructure
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Questions ???
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Ron Lansing, P.E.

M&M Engineering Associates, Inc.
(800) 421-9185
(503)-288-0978

ronald_lansing@mmengineering.com
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Hardness Testing for
Field Applications
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Hardness Testing
Used with Metallography to
Confirm Metal Strength Changes

e Hardness is generally proportional to strength
in carbon steels, so measuring hardness in
possibly damaged areas gives relative strength
change from the original.

e Hardness methods in the field can be very
subjective (surface roughness, method type
and operator technique).



Hardness Methods

N Brinell (Gold Standard if conditions permit).
i\\\\\\\\\\\\\\\\\ i //////////////////i;
. /

mDirect physical measurement of metal
“indentablity”.
WRequires:
O %, . . . .
N ////////////// W \\\\\\‘&\\ 7 A Visual measurement of indention size.
//////////////mumm\\\\\\\\\\\\\\\% | |
A Access for larger unit or hammer swing.

A Thin material (like pipe) may affect
accuracy.

mMethods include, Brinell Hardness, Pin
Brinell and Tela Brinell.




Hardness Methods

A Equotin™ Rebound Enerav Method.
§\\\\§§§\§\\\ iy /////////Z////// quotip gy
\\ ‘ //

m Digital read-out of converted hardness
number.

®= Takes average of the tests done.
= Qut-of-position conversion done.

// \\
////////////// Wi \\\\\\‘&\\ = Surf h il ch hard
/ \\ urrace rougnness will change nardness
//////////////mmnm\\\\\\\\\\\\\\\\ value.

® Thin material will change hardness value.

m Relative hardness reading instead of
absolute reading may be useful for hardness
change question of fire damage.

® Small instrument for difficult access areas.




Hardness Methods

e Microdur™ Hardness Testing method.
\\\\\\i\i\\\\\\\\\\ Iy /////////%///// J
! 2 //

W Energy vibration calculation on diamond
indentor.

W Measures in digital conversion read-out.

O ' 7
////////////// M \\\\\\‘&\\ ®m Surface rough il ch hard

/ \\ gnness Will cnange naraness
//////////////mmum\\\\\\\\\\\\\\\% value

m Generally good access for instrument.
W Little or no out-of-position variation.

m Delicate diamond may be damaged easily.




Interpreting Hardness Results

e : |
\\\\\\\\\\\\\\\\\\ I ///////////////// Fire Damage Areas:
' N\

B Hardness decreases from original—some
may be acceptable, a lot may be too
damaged for service (i.e., “toast”).

N ///////////// i \\\\\\\\\ \\\ ¥ Hardness increases significantly from
///////////////”""““\\\\\\\\\\\\\\\\ original, component is “toast”.

Creep Damage Areas:

B Less likely to change field measurement,
lab micro hardness required.




