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SPECiﬁcﬂiiOI'l

Incoming Electro- Define repair Brazing
inspection chemical measure

- .
TBC

Quality / Documentation

(a)
Incoming Conformance of
inspection conformity
-l_l._l-l . InaCGOrdanc& - - s Em W
I In accordance to speci cation? No I |

= Findings? to specification? s ; . indings?,
I I

- lo - . ‘.

Scrap |
: o —L
| Removal of coating | QA check
/\I:indings? NDT
l Heat treatment | Yoo o : 1
| | Heat treatment |
| Complete NDT of part I —I
f—"~—- & In accordance NDT of =
. Findings? to specification? repaired —Eecoatmg I
I area
’ " - =m w
X repair cycle
August 06th, 2008 Energy Sector / SF MK SPM52
(b)

[ 2 B AR () TR (b) A A
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(a)

(b)

N «.  (min/max)

~
s

R

Required contour

—

Airfoil profile check

Current contour:
missing material
unacceptable < critical
frequency properties

S BORF|E Al NSRS () RS VR R

(b) B H i
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(a)

(b)

(c)
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TRR (b) AR (o) 2
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(a)

Diffusionbend e e
Bond Coat = (_

» S

( C ) Gas Temperature\ Boundary Layer

Thermal barrier coating
Bond Coat
Substrate

Interior
Boundary Layer

Cooling Gas
Temperature

Gas Path Coocled Side
TBC Substrate
—

O PP AL R S SRR I Y7 ()
PARERAATRE (b) 3 54 [ (o)
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LifeXimelExtension

The life of a component is limited!

- it is not a question if it fails, but when it fails.
- LTE prevents a component to cause a catastrophe

- LTE stands for high availability, reliability and
safety

LTE suspends high investment in new power
generation equipment for years!

(a)

b Current 25K EOH Service Concept

| |
Mi Mo MO MO MO
HGPI HGPI 1.LTE HGPI HGPI 2.LTE

Ml = Minor inspection

HGPI = Hot-Gas-Path Inspection

MC = Major Overhaul (includes HGPI)
LTE = Life Time Extension
HGPI-Interval = 25,000 EOH

Inspection interval = 4000 - 8000 EOH (Depending on Operation Mode)

(b)



Meeting before
Overhaul
Detailed planning
of Overhaul incl.L

i interval

Meeting after
™ overhaul = first
2-dwosks  preparation LTE

(c)
Plarning of Last Major Owerhaul Last Minor Inapaction
:;T::ﬁ:::gﬁ mh:g::hlul bafara LTE | bafora LTE | LTE |
[Fiant Operator | I I
Siemans as GEM)
..=-‘I'|: f | LTE- Recommendations
Lﬁamﬂﬂl‘lﬂ apnhicat e - LTE it wist
Frame Specifi-

Investigation Component Review | Component Analysis I Component Life Limitations i
{Slarmnns Know How)

Development/ Download of Medernization Packages ﬂ -~

(d)



Gas distribution

Flame Tube
Bottom Plate

- Inspections and Testa
- Replacament

(f)

Q%ﬁ'lo iR HJ%Q[HJQ%JI%;A&I =% F‘AHA
(b) «Elﬁﬁ Vﬁ[ﬁF c) ;%p
%ﬁbﬁﬁﬁ
A (f) s

Burner &
Burner Inserts

Tiles & Tile
Holders

Mixing
Chamber

FpER LV ES
=R (d) @t
(e LI [/ﬁ‘r*ﬁbﬂi[?% L



*1 PHIFIHJV84.2§J§VZ[§J§I€J%Q Bl f*ﬁﬁl?ﬁ [ (9

Item

Design

Bl group Component Advice Check for
NDT for cracks with magnetic
leakage flux method acc. to
44201 - | Compressor disc 1-186, TWP 1157 (MP) and TWP
1.3 | 44216 | blade groove, blade roots | 1162 (MP) Cracks:{v. MF)
(only when blades are
disassembled)
C.ompressqr disc 1'1.6’ NDT for cracks with magnetic
44201 - hirth serra_t\on, traljSItlons leakage flux method acc. to
1.4 between rib and disc "y Cracks (v, MP, UT)
44216 el bore<far balarein TWP 1181 (MP) Ultrasonic
' : < testing acc. to TWP 1182 (UT)
and mounting
NDT for cracks with magnetic
Compressor disc 1-16, I_?\?\I;;g%leauf n;/le;hod age.1d
44201 - | areas with coplanar ; ( .)
1.5 L N Ultrasonic testing acc. to TWP | Cracks (v, MP, UT)
44216 | limiting surfaces, disc rib, .
Lol bers hole 1182l(UT) al_'ld mechanized UT
bore inspection acc. TWP
1188 (UT).
NDT for cracks with magnetic
: : leakage flux method acc. to
17 | 44203 |Tlerod.entiretestable | 15751 (mp) Cracks (v, MP, UT)
surface : .
Ultra sonic testing acc. to.
TWP 1182 (UT)
NDT for cracks with magnetic
T rolinot. snfie leakage flux method ace. to
1.8 14224 B sulrface TWP 1181 (MP) Cracks (v, MP, UT)
Ultra sonic testing acc. to.
TWP 1182 (UT)
Turbine disc 1-4, hirth NDT for cracks with magnetic
14201 - serration, transitions leakage flux method acc. to
1.16 between rib and disc TWP 1181 (MP) Cracks (v. MP, UT)
14204 ; i -
head, bores for balancing | Ultra sonic testing acc. to.
and mounting bores TWP 1182 (UT)
NDT for cracks with magnetic
Turbine disc 1-4, areas E?Sé{ggﬁfgu;( r&e;hod ace. to
14201 - | with coplanar limiting ; ( ; )
1.17 14204 | surfaces and disc rib, Ultrasonic testing acc. to TWP | Cracks (v, MP, UT)

hub bore

1182 (UT) and mechanized UT
bore inspection acc. to TWP
1188 (UT).
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Ilt::' E;‘zhg; Component Advice Check for
4 Blades and vanes
Replacement recommended Cracks (v)
for efficiency recovery and low | Deposits (v)

risk operation.

Material loss (v)

w2 44500 | Bompresdor.bleces On dependence to findings Corrosion (v)
one further interval (max. 133 FCD's (v)
KEQOH) possible. Damage (v)
Replacement recommended Cracks (v)
for efficiency recovery and low | Deposits (v)
risk operation. Material loss (v)

4 42600 | Compressorvaras On dependence to findings Corrosion (v)
one further interval (max. 133 | FOD's (v)
kEQOH) possible. Damage (v)

Metallographic

Replacement of TLe3 ::nhv:ns;lgsatifn lor
metalographic investgation | METostucture and

4.3 12643 [ TLe3, entire vane grap g corrosion of 1-2

further operation for another
MO interval (max. 133 kEOH)
possible.

vanes at beginning of
refurbishment,
closest possible to
100.000ECH
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(a)

UT inspection

| 3 1|__ 41,7 42 43

T T YT VTN A
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MT inspection
(b)

[HITL [T Va4 2o b L SRR 17 (a) A
e (b) 1= SRR Ay A 1ATT



GT turbine disks
areas of the highest stresses

MT inspection

UT inspection

(b)
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BRSPS S El'f%jfif"i? (Fatigue improvement techniques for
stainless steel welds): TWI I'J = Ef{ TWI [EK’?"’\'EIU%%[":"@ﬁlﬁﬁ}%”?‘/c[% S
BEEC A’thfﬁ‘?ﬁﬂijﬁ;[’?%[ﬁl’%% ° iﬁ[’[ﬁ{: I’Eﬂk'*c”'ﬁu'ﬂﬁfﬁj?? 1
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fitse 2L SR
2~ -G T ,Jﬁﬁﬁ‘%}%i FEF[ f fr s AR RV (Short heat
treatment to avoid 1ntergranular stress corrosion cracking of
supermartensitic stainless steel welds) : Gl s 1 B BAdst 1

FARB 0 B RS P T R AL
o 5 77BN 650 R RS AREERI T U e Sl (RGeS T
SBAEER f fHik R o FF Jcpr 1296 JJH J[z”ﬁuj R AR ;wﬁfgf&mgg
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3~ REFTAGEYHY A (Focused phased array guided wave inspection) :
TWT == S A 221 % FBS Inc. rﬂ% G R (B SRR
RS ETIEL Y E SR AR IR S SRR T TR o PRI L S R
Ul AR ST Rl ko (R Al B0 (6 SRR STRR GRS SRl
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4~ e Nd-YAG BHHFoe W RBERepIAs 5 (g ) R FTFF025 8 (High quality welds in
titanium made with Nd:YAG and fibre lasers): Fi< » 385l T ARSI
FEFPANVBIAE - R S TR T R AR R - AT
T S 2 SRR 6 Y E B AR IS AR b £ 2
(RET | 2 A o 2RO O ISR R ER Y > 00 TR IHE
[T | il = R F R B R A = ) I AR Je B By RS

5~ FREATR A BV F < A% HE (Electron beam welding of crack-sensitive
alloys ) : EUHA G- [BFIVIRTRIGI MRS £2 0 [ERL Sl e i
DR 2 P g e IR R AR DRI (L S
R R g PR G 1 o R i s PSRy e et
B pOpelfel > 20 SRR o e SRR AU (5 U TR T ) SR Y
B R« SR A B S R T
SR PIRTR -

6 ~ (URIEHI P = BB AES %1 (Component repair using laser direct
metal deposition) ' BT S BEEREIAH=IAEMS 1AV A 7 Rolls-Royce
ple I BT BRI o [y & B e P o o = pvgia b - 1

SR ﬁ;@;%ﬁ SR TS ERI D Y 0 0.3 2 _E.E,Jﬁ’l@;ﬂE[ﬁ,!,ffﬁn@?ffﬁ o i
RS P 7 (R SRR 0 BRIy B« SRR RS
[ o TR RS FE‘V“ S ?@'”E’fl VRS - HORRY (B~ g e
8 8 RS f 1 PO« SRR R

A “IFERYEL Rolls-Roycee F”ﬂ*
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7~ Tj’?‘f{"?;%f ’“‘,HH’ET‘]EUY?%# (Detection of coldwelds inelectrofusion joints ) :

LR OR TR [ R R PO GRS A (L] Rk



10~

OB SR RS R IS o R DI SR
TR « TND < REA0 SR A54 5 %%%“’ﬁ“@wwﬁ%
POk SRR P SR i) R R B AR R
PRI DR B L T A e -

. ﬁ,ﬁgi@éﬁ’ﬁiﬁﬁfﬂ@%ﬁﬁ? (Friction stir spot welding of high strength

steels) s = YT~ H a5 - Jﬂ%@%fﬁ?@ﬁ”ﬁ,ﬁﬁl@%@%&
2 I el e I L U B 50 R B N+ Rl S| [ R e N
AT SIATRIF RS SRS o T R OB T e R DR sy F:’I
i SRR o B E e BT SRR S S 500 R R R
RLH T SRPRIF RS R N (5 -

ri%ﬁ]l*ilfk%n?ﬂ[ﬁx%@ IJ[E‘E’?‘NHF,IQE%'J (Low-cost activating flux for
TIG welding) s TWI =Iaza s+~ PENF IE5RA] » S Ife fP il frklis i 2
7T‘£liﬁﬂﬁ’ iﬁﬂﬁ*ﬁ“ T 2 et IRk > SRS 4 ['ﬁl?r@ SN ’J)J‘J‘f‘\f}jﬁ 6
T gl SR I L A ?Jbaﬁw'“ff’l HREIpIR I - WSS SIS
B - SRR PRy ORI SO - T g s g el \%:EF?ULL B 55i
B 0 RS S A T TS A S ) D
A P RS 7
“I% AT AR 1 TR A I R R f % (Composite coatings for
improved cathodic protection of duplex stainless steels 1n seawater
environments ) * HH (et = IR TSR W ] - SR S SRS A
(PRt ¥y L ] TN PR =l g s B - i b sl o Bl g
W = AR B 15 (R o BT 2 o RS 15 ] 55
S < AERD T RS IEEEREES R PR - T

*‘ tT
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1~ %E’E?ﬁ%ﬁi@ﬁ%ﬁﬂﬂ (Long Range Ultrasonic Condition Monitoring) : Y[

14 (a) Al BEFTEL > 05 RUFTHE T K07 PP fy 4 T R
~ (WEERE o TR S R ] o PR E R SR > B9 RS
O EGEREEPIE I PRSI (Metal Loss) [5bflith (5050 - ~ 450
PR 4 5 LA PRI B I - 0 14 Ca) BV I A
kI SPCTRETSRE ~ SR APRIR SIS T A A RS TV 2
58 “Guided Wave Transducers” - [ 14 (a) ™ 7. [R50 1 Gu ol
I TR %E@%ﬂﬁﬁﬁ VR o BUECTWT 2l AR ¢ e
%ﬁi%ﬁ?ﬁﬂﬂﬁ IS Dy 30 2 N o F = 100 A IR 14 (b)
SR B TR TR ) S ARRIS R | S M A
RN E(E R S

2~ £ fi (Thermography) : 9[R! 15 Ca) 57 ™ [Ry AR 3~ ] ey

1

FOATIR LR IE A > AT I8 BT I b e rm FJ°) I,«\EIWHEWF:‘IPJWFW
%ﬁkj\(mo

BRI I (Laser Shearography ) © 971 15 (b) A R | Ry ek

SEATR > [ AP R RV SEL > SR AR [ 05 B TR

EO AV |00 R AU 2 T 5 }fﬁj%lﬂg““ o
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Conventional Ultrasonics
(a)

Convenlional Transducer Flange

%

Localised Inspection
Weid am» Metal Loss

Metal Lass .

Guided Wave Ultrasonics

Guided Wave Transducers Flange

- EE——— -

100% Inspection
Weld R ) Metal Loss

Metal Loss .

wa&-—rﬂhm

(b)

A3 Lﬁs%ﬁiwﬁmﬁ““ (a) FLAFCE
(b) W 1% 1]



(a)

(b)

(c)

R radiation

« . Defect

IR Image

Fringe Pattern Unwrapped Image 3D Strain Map

-\ ) -

I

ﬂ First lllumination Source
Imaging System
PC Based

Image Analysis  Second lllumination Source

Schematic showing the unique dual laser system

A4 PR Ry URCET (o) ZUY G (b) FA Ay 5
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Title

Status

Type of project

Total value of
project

Twi's
share

Section 1
Autonomous robolic
system for the
inspection of mooring
chains thal tether
offshore cil and gas
structures o the ocean
floor

Acronym: Chain test

Started in
September 2005

2 year EC
sponsored
CRAFT project

£1.2M

£315k

Section 2

Corrosion reliability
inspection scheduling
Acronym: CRIS

Completed in 2003

3 year Industrial
Group
Sponsorad
Project

£361k

£113k

Section 3

The use of finite
element analysis as a
tool to guide the
development of state
of the art guided wave
inspection technology
Acronym: FEA
modelling

Started in January
2001

Group
Sponsared
Project

£242k

£242k

Section 4
Development of novel
digital radiography
technology. To
facilitate the
traditionally less
research intensive
inspection industry
sector change from
manual film
radiography to
automated digital
radiography
Acronym: Film Free

Started in October
2005

| 4 year EC
| sponsored
| integrated

project

£5.8M

£1.04M

Section 5
Non-Intrusive In-
service Inspection
Robotic System for
Condition Monitoring of
Welds inside Floating
Production Storage
and Off-loading
(FPSO) Vessels
Acronym: FPS0-

Inspect

Started in
December 2004

2 year EC
sponsored
CRAFT project

£1.3M

£409k

Section 6
Development Of
Computed
Radiographic
Procedures To
Replace Film Based
Radiography For
Defect Detection In
Woelds And Casfings
Acronym: GEP-DR

Completed in
January 2006

Group
Sponsored
Project

£210k

£210k
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Section 7 Inspection Completed in April | Group E£275k £275k
of Stainless Steels for | 2006 Sponsored
Stress Comosion Project
Cracking
Acronym: GSP-SCC
Section 8 Started in July Group £240k £240k
Intimate delail - the 2003 Sponsored
detection of ‘kissing Project
bonds’ in FSW
Acronym: GSP-FSW i
Section 9 Started in 2yearEC £1.3M £373k
In-Situ Inspection of November 2004 sponsored
Ships' Hulls CRAFT project
Acronym: Hull
inspecior
Section 10 Started in Octaber | 3 year EC £2.8M E674k
Long Range Ultrasonic | 2005 sponsored
Condition Monitering of CRAFT project
Engineering Assels
Acronym: LRUCM
Saction 11 Completed in April | 2 year EC £1. £351k
Radiography of 2004 sponsored
Magnesium Castings CRAFT project
Acronym:MAGCAST
Sectioni2 Completed in 2 year EC £1.2M £457k
Development of November 2006 Sponsored
Comprehensive In-line CRAFT project
Quality Control Syslem
for Printed Circuit
Board Assemblies
Acronym:MICROSCAN
Section 13 Completed in 2005 | 4 year EC £6.6M £251k
A good look around - sponsored CSG
ultrasonic and eddy project
cumrent NDT in welded
aero parts
Acronym: MMFC
Section 14 Compleled in 2 year EC £1.4M £451k
Defects in composiles | January 2005 sponsored
— Nanoscan gels CRAFT project
under the skin
Acronym: NanoScan ~ =
Section 15 Started in June 3year EC £1.8M £750k
In-situ Inspection for 2008 sponsored
offshore structures STREPS
Acronym: OPCOM project
Section 16 Completed in 3year EC £2.1M £175k
In-situ Condition February 2005 sponsored
Monitoring of ASTs CSG project
Without emplying
Acronym:
Section 17 Starled in March 2 year EC £1.4M £453k
Inspection for 2004 sponsored
Corrosion in CRAFT project
Inaccessible Areas
Acronym:Pipescan
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Section 18 Completed in May | 2 year EC £1.3M E406k
Inspection and 2006 sponsored
Acceptance Criteria far CRAFT project
Electrofusion Joints in
Palyethylene pipe
Acronym. Polylec
Section 19 Completed in 2 year EC £1.4M £369k
the novel way 1o November 2003 sponsored
monitor robotic and CRAFT project
flexible FSW systems
Acronym: Qualistir
Section 20 Slarted in 2 year EC £1.3M £426k
Inspection of Wind Seplember 2005 sponsored
Turbine Blades CRAFT project
Acronym:; RENEWIT
Section 21 Starled in January | 2 year EC £1.3M £269k
Development of new 2005 sponsored
and novel low cost CRAFT project
Robol Inspection
Methods for in-service
Inspection of Nuclear
Installation.
Acronym: Rimini
Section 22 Started in 2 year EC £1.3M £331k
Development of an November 2005 sponsored
Ultrasonic Guided CRAFT project
Wave Tesling Syslem
for the Critical
Examination of Sub-
sea Risers, including
Sieel Catenary Risers
(SCRs) and Flow Lines
Acronym: RiserTest
Section 23 Completed in 2% year EC £1.3M £302k
Robotic Inspection of Oclober 2003 sponsored
aircraft struclures CRAFT project
Acronym: Robair
Section 24 Completed in July | 2 year EC £1.3M £373k
In-Situ Inspection of 2004 sponsored
nd Storage CRAFT project
Tanks Acronym: Rabat
Inspector
Section25 Started in January | 2 year EC £1.3M £373k
Optimisation of Digital | 2005 sponsored
Radiography CRAFT project
Acronym: Safaray
Section 26 Started in 2 year EC £1.28M £363k
Quality Assurance and | February 2005 sponsored
Structural Evaluation CRAFT project
of GRP Pipes
Acronym: Sure2GriP
Section 27 Completed in 2year EC E1.3M E4B68k
Condition Monitoring of | September 2005 sponsored
Large Oil and CRAFT project
Chemical Storage
Tanks using Ultrasonic
Guided Wave
T o wil
the Need to Empty and
Clean the Tanks
Acronym:Tankinspeclt
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Section 28 Completed in April | 3 year EC £1.22M £103k
NDT during 2005 sponsored
manufacture — Time of CSG project
flight diffraction shows
the way Acronym:
TOFDPROOF
Section 29 Started in January | 2 year EC £1.84M £236k
WIDEM-Wheelset 2005 sponsored
Integrated Design and CRAFT project
Maintenance
Acronym: WIDEM "
Section 30 Started in 2001 3 year project £380k £380k
The Development of sponsored from
Mext Generation Long internal and
Range Ultrasonic external
Guided Wave. sources
Testing Systems |
Section 31 Started in 2 year Group £240k £240k
Development of July 2003 Sponsored
Computed Project
Radiographic
Procedures o Replace
Film Based
Radiography for Defect
Detection in Welds and
Castings
Section 32 Completed 2002 2 Year group £165k E165k
Inspection of Single- sponsored
sided Girth Welds project
Section 33 Started in January | 3 Year project £5.5M £2.75M
TWI Development 2004 sponsored by
Centre for Advanced European
NDT Regional
Development
fund and Welsh
Development
Agency |
TOTAL VALUE OF £53.08M £14.773M
PROJECTS
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(a)

1. Availability increases for same maintenance spend.

2. Reduced maintenance spend for same availability.

RBM PROCESS

(b)

EQUIPMENT ASSESSMENT:

-plant/inspection data capture

-dantage mechanism review

-probability analysis
-consegquence analysis

-Risk mitigation
{focus-defocus)
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RISKWISE for Boilers - [Risk Analysis]
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Risk Analysis

I Recommended Proposals j
[hrag & column header here to group by that column, -
Item Number Damage Mechanism 1TA 2Th RLI
r 074104 Feedwater Hydrogen embritlement | 4C 40 0 months
5 01-T102 Front Waterwall  |Wanadate [fuel ash) atta..|[F] 3E|[ 5E 8 manths
01-H107 Primary Superthea... |Under insulation extern... ([  3E|[E 3E 16 months
4 14103 Secondary Super... |Localised corosionof 5., | 38| 3B 16 mariths
01-L101 Hot Reheat Line Creep and creep cracki... . 3E . 3E|] 16 months
01-P101 Feedwater General and localisedc.. |3 20 40 18 months
3 01-T101 Secondary Super... |Creep and creep cracki.. | o= 28/ 34 37 months
01-T110 E conomiger Creep and creep cracki.. | = 24| 44 37 months
2 01-H102 Primary Superhea... | Overheating o 10 D E 48 months
01-T108 Primary Superheater| Temper embrittlement = 2O 4 56 moriths
1 01-L110 Secondary Super... |High temperature hydio... | 3 ki 96 months
014102 Primary Superheater|Yanadate [fuel ash) atta...| — 34 96 months |-
B E C 8] E 01-T106 Firebox Leftside | Hydiogen embritlement | [ 96 morths
01-H106 Economiger Graphitization — 96 months
01-H105 Mai 96 h

96 morths .J
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(b)

E] | o] Kby |

Becord Proper®ie

BSAE |

Caumenk As ueymmerd Pesod [Hora| L]

TR T Rev 7

Bypebly

- Design Conditions

o Daogn Hetsl Temparshus [F] 825
hemgn Precaus [pa) 111]

oy 1223

D101 (Revision 0.0) [Read Only]

File Edit Wiew Help

|§&|.¥:@|ﬁﬁack = Mext |

Item Prop

Inspection Methods

Description

Maked Eye
Endoscopy
-| Magnetic

tagnetic Particle Inspection

tagnetic Flux Leakage

tagnetic Fluorescent Ingpection
-| Penetrant

Liquid Pengtrant Inspection

Penetrant Leak Detection
-| Radiography

#-Radiography

Gamma-Radiography

Caompton Scatter

Real-Time Radiography
-| Ultrasonic

A-Scan Thickness Survey

Angled Shear Wave

TOFD

Suface Waves

Digital Ulkrasonic: Thickness Gauge
-| Eddy Current

Standard [flat coil]

ACFM

3]

Ooooo oo gooo O

OO0 OoOoox

Internal | Caverage and Findi

removed

Findings: Jul

new'; Jul-95:

Scattered pitting, 1mil
maz. depth; and Jul-
99 Condition

unchanged.

Coverage: Jul-83:
Commissioning
inspection; Jul-87:
Inteinals removed;
Lulg1: Intemals
removed; Jul-95
Inspection after
summer lay-up,
intemals remaved;
and Jul99: Intermals

-83:
cceptable; Jula7,
Condition 'as new';
Lul-g1: Condition ‘as

O

Coverage: Jul-83: F...

OO0 OOoOoOoOo oooo oo ooog

Coverage: JubB3: ..




(c) % 01-D101 {Revision 0.0) [Read Only] a3 N [=]
File Edit Wiew Help |

%@Jéﬁ |1-§ack = Mext |

Record Damage Mechanisms

|Desctiptian | |Locatinn and Motes |
-| Metal loss
#| General and localized corosion Dxpgen

Electrochemical (G alvanic) cormosion
Erozion, abrazion and cavitation
Localized corosion of stainless steel

* Dxidation

Under insulation extemnal conasion

Wanadate [fuel azh] attack

-| Environmental Damage

#| Stress comosion cracking

High temperature hpdrogen attack
Hydrogen embritlement

-| Mechanical
Creep and creep cracking
Ernbritlement of stainless steels
Fatigue
[Graphitization

Dverheating

OoooOoooo oOooo I:II:IBI:II:II:I

Temper embrittlzment

! =10/
(d) File Edit Yiew Help |

§|ﬁ|é€ £ 4= Sack = Mext |

LF1: Current condition from inspection records O As expected
=| LF2: Likelihood of failure due ta ... within the nest: 48 months 96 maonths 144 morths
General and localised comosion = Motcredible = Motcedible = Mot credible
=| LF2 Effectiveness of inspection programme against:
General and localized cormosion = Wery good
LF4: Impact of cycling = Moexpected effect
LF5: Stability of operation = “ery stable
LFE: Severity of operation 3 Cloze to design limitz
LF?: Recuring repair issue = Mo
-| Consequence Factors
CF1: Energy release patential — Low energy release
CF2: Expected failure mode 0 Mized-mode
CF3: Potential far consequential damage B Several major components
CF4: Effect on availability B Greater than one marth
CF5: Threat to personnel and cormmuity O Threat ta perzonnel or community
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(a) BS 7910:2005

“Guidance to methods for assessing the acceptability
of flaws in metallic structures”

® Fitness-for-purpose approach vs. flaw tolerance levels in fabrication codes

® History: BSI PD 6493: 1980 => BSI PD 6493: 1991 => BS 7910: 1999 => BS 7910: 2005

® Crackwise automates fracture and fatigue assessment methods in BS 7910

Crackwise: BS 7910

(b)

Fracture
and
fatigue

Material properties

Fracture Fatigue
T fracture
b —
@ A
§ not acceptable %
el o
5 FAD “é,' Paris law
acceptable —
|
Plastic collapse threshold Log DK



(c)

(d)

Crackwise: Features #1

» Rigorous application of BS 7910:

+ Levels 1,2 & 3 fracture
assessment procedures
including tearing
Fatigue crack growth and fatigue
life analysis

+ Calculation of critical flaw
dimensions, stresses and
material properties

« Automatic sensitivity analysis
for fracture assessments

Fracture Fatigue

Fatigue crack
growth

L/

Fatigue and
Fracture

Critical-sensitivity parameter analysis

Fracture Fatigue

Tabgue cincd
400 o

L/

Maximum allowable primary stress, MPa

CTOD toughness, mm



Crack growth and fatigue life analysis

(e)
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000 050 1.00 150 200 250  3.00 3.5
Fatigue life (blocks)
()

Wide range of flaw
geometries for flat plates,
curved shells and bars/bolts,
including surface, through-
thickness, edge, long-
surface, embedded
and corner flaws
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(a)

(b)

0.300

0.250 / ~#—Line close to root
0.200 % '\

0.150 /

0.100 // \\
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(¢)

Effective Beta Thickness (mm)

0.000
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