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What Constitutes Failure

A general term used to imply that a part in service:
(a) has become completely inoperable

(b) is still operable but incapable of satisfactorily
performing its intended function

(c) has deteriorated seriously, to a point that it has
become unreliable or unsafe for continued use.

ASM Materials Engineering Dictionary 1992
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Failure Investigation

Mechanism and Cause?

Mechanism  How a metal or component
has physically come apart.

Cause What made the metal come
apart in the way it has.
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Stages of a Failure Investigation

Attend site as soon as
possible after failure

Site Visit

Y

Interview relevant personnel
and identify data sources

* |n-situ examination
» Sample selection
* Information collection

A 4

A

Record and preserve critical
samples

<
l

Create an appropriate
“Wish-List” of relevant

Create an appropriate team - information
v v v v
Lab Investigation Research Simulated Modelling
* NDT _ « Literature search Testing « Stress (FEA)
* Mechanical testing + Review of design data & . Corrosion « Erosion
* Macro examination ops records « Mechanical « Corrosion
* Chemical analysis » Interrogation of plant . Flow « Thermal
* Micro examination history (DCS)
 Characterisation of failure « Witness statements
|
A 4
Conclusions R Expert
- Failure Mechanism Testimony

e Causation




W capais

Sudden and Unforeseen v Progressive

« Sudden and unforeseen are instantaneous
fractures that have occurred without any warning
e.g. an overload

« A progressive fracture is one which occurs over a
period of time before final failure occurs usually
related to problems such as wear, corrosion or
fatigue
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Mechanical Failures

Brittle
Ductile

Fatigue

Others:  Wear, Creep, Embrittlement
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Uniform/General Corrosion

Electrolyte

H+

Fe2*
Fe?* H+
Fe?*  Fe?*
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Electrolyte

Metal
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Current Flow

K_\ Cathode
Area




NIENEd  Forms of Material Degradation

General
Attack

Localised
Attack

Cracking
Phenomena

Corrosion

Original surface

Pitting

U

74N

Crevice corrosion

—

N

Stress corrosion cracking

Erosion

Cavitation

\\\ [ ~Bubbles
0

Weld decay
HAZ

' \ Weld

Base
metal

;b ?: Static
stress
Corrosion fatigue
J Dynamic
stress
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Velocity
Phenomena

Intergranular
Attack

Galvanic
Attack

Dealloying
Attack
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What Is Stress

« The intensity of the internally distributed forces or
components of forces that resist a change in the
volume or shape of a material that is or has been
subjected to external forces.

Stress (0) = Load or Force (N)

Area (mm?®

ASM Materials Engineering Dictionary 1992
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What is Overload?

Ultimate tensile strength

Yield

Poinl\

L oa d Fracture

(N)
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Permanent Set Extension (mm)
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Overload — Ductile/Brittle

Ductile Brittle
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Fatigue — Typical Fracture Faces

Beach Marks Striations



e CapCis

Intertek

Fatigue — Cyclic Stress?

Tension /—\ /)
STRESS /
Compression \_/ \—/ /

CYCLES

TE

ldealised Reality
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Stress Corrosion Cracking

e Capcis

Cracking caused by the
joint action of corrosion
and a tensile stress

Damage is in the form of
fine crack networks
extending through the
wall of the material

Difficult to detect visually

Stress can be residual
from fabrication or
applied

SCC is promoted only in
the presence of specific
corrodents for individual
materials
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General Arrangement

Bank A

- Counterweight stud B

Counterweight stud A

Viewonamow C 3

N v Y.
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Connecting rod stud 3
(number 4 hidden)

Connecting rod stud 1
(number 2 hdden)

Not To Scale
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Con Rod & Counterweight Studs
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Fatigue (reversed bending)

Cross-sectional area

Cross-sectional area 480.58 mm’

468.65 mm’

L O

Fatigue area 1 Fatigue area 2
254.71 mm’ 110.52 mm’ Overload area

324 17 mm’*
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10@microns
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Gas Turbine Power Generation
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Metal Loss from Compressor Blade
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Associated damage
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Gas Turbine Power Generation
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Gas Turbine Power Generation




e % Capcis

Low Pressure Turbine Blade
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Turbine Blade Microstructure
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Turblne Blade Mlcrostructure
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Low Pressure Compressor Blade
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Chain Failure
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- Chain Failure

\ Cross member

Eyebolt — ™

C ring connector
/ g

Polymer Bush e
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NN d  Chain Failure
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Chain Failure % CaDClS
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Intertek Chain Failure




Chain Failure ‘CaDCViS
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Chain Failure
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NN d  Chain Failure

10 um
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Intertek Chain Failure

10 um
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