
_

2

1. :
RBM Strategy 

2. :
RBI

3. :
SIL

4. :
RCM

5.F MI
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RBI/RCM 
SIL

PDA

…
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Planning &
Scheduling

Work
Identification &

Prioritization

Work Execution
& Review

Materials/Spare
Arrangement

Preventive
CMMS/Metrics

RCFA

RCM RAM

Life
Cycle

Analysis

ASSET
INTEGRITY

Planning &
Scheduling

Work
Identification &

Prioritization

Work Execution
& Review

Materials/Spare
Arrangement

Preventive
Maintenance

MANAGING
SYSTEM CMMS/Metrics

RCFA

RCM RBI RAM

Life
Cycle

Analysis
SIL

ASSET
INTEGRITY

Planning &
Scheduling

Work
Identification &

Prioritization

Work Execution
& Review

Materials/Spare
Arrangement

Preventive
Maintenance

MANAGING
SYSTEM CMMS/MetricsMaintenance

MANAGING
SYSTEM

RCFARCFA

RCM RBI RAMRBI

Analysis
SILSIL

(1)

RCM (4) RBI (2) RAM (5)

CMMS/ (3)

SIL

SIL Safety Integrity Level

RBI Risk Based Inspection

RCM Reliability Centered Maintenance

RCFA Roots Cause Failure Analysis

RAM Reliability- Availability- and Maintainability 
Analysis - -

PSM

MI

SIL

RAM

RCM

RBI

CMMS
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Reactive Periodic Predictive maintenance/ 
(condition monitoring)

/

Proactive 
Maintenance 

Strategies RCFA

Era of 
maintenance 

strategies

Future

(PRM) Proactive Reliability
Maintenance 
>Fix root cause  
>Apply optimal level  

Predictive 
>Condition Based

Preventive 
>Scheduled Overhauls

Reactive 
>Fix when broken

1960's

1970's

1980's

1990's
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Probability 
of 

Failure

Consequence  
of 

Failure
Risk X

Estimate the probability of the failure 
Estimate the consequence of failure 
Calculate risk  

Slide 12

Maintenance Strategies and Management 

Maintenance

Preventive
Maintenance

Corrective
Maintenance

Periodic
Maintenance

Planned
Corrective

Unplanned
Corrective

Calendar
Based

Op.time
Based

Periodic
Inspection

RBI
Condition
Monitoring

Continuous
Monitoring

RCM
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RBM Concept
Safety:

Addresses safety consequences and 
risk for all equipment/systems
Protective devices maintained 
according to required reliability  
(IEC61508, API 581, SAE JA1011)

Operability
Uptime and failure analysis -
input to Cost-optimisation

Cost
all maintenance actions will 
undergo a cost-benefit
assessment 

(risk cost vs. maintenance cost)

PM Interval

M
ai

nt
en

an
ce

 c
os

ts

C tot CCM

CPM

Preventive maintenance interval

5

4

3

2

1

A B C D E

/ 

RBI

RCM
SIL

165



15

(RBI, Risk Based Inspection)

(RCM, Reliability Centered Maintenance) 

(SIL, Safety Integrity Level)
( 1

4) SIL

2. :
RBI

RBI
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D RBI

RBI

DNV

RBI

RBI :

RBI

14 28

64 128

13 39

1 1

4 6

54 57

553 553

705 812

: 94 97 :

813137318

0293140

810234178

5610460113

1271834

55774279

94959697
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HIC (HB)/

SOHIC

13 29
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MEROX

-

=> (60 C~205 C)

& (CUI)
CUI

CUI 

-12 C~120 C

API-510
-4 C~120 C

(New, -12 C~175 C)

& => 

53 C~93 C

CUI 

CUI: Corrosion under Insulation 
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400F(204 )

5% 7% 9% Cr
1-1/4

2-1/4Cr

: 12%Cr(410 410S
405SS) 304SS, 316, 321 and 347

(Hot Section)-
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Corrosion Map Schematic Drawing
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– /
Reactor

Carbon Steel / Refractory 

C
From 490

To

mpy 2/15

Localized

/

High Temperature sulfidation
/ Erosion / Refractory Damage

R-2201

Combine with DNV ORBIT RBI results

UT RT PEC UT Mapping
H2S-HCN-H2O4

HCN
VT UT RT PEC UT Mapping

H2S3

VT UT RT PEC

2

VT UT RT PEC Guide Wave

1

/
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/

200HB
PT UT RT TOFD EMAT

8

50

VT UT UT Mapping RT

7

VT UT RT PEC Guide WaveCUI6

UT RT
5

/

(
621 ) 

PT MT UT RT TOFD EMAT
13

PT UT RT TOFD EMAT12

VT UT RT
11

VT UT RT
10

200HB
MT UT RT TOFD

/9
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RBI 
PROBABILITY
OF FAILURE

PoF

CONSEQUENCE

CoF
RISK

Generic Failure
Frequency

GFF

Likelihood Factor

DF

Age
Damage

Mechanism(s)
& Rates

Inspection
Effectiveness

X
Injury ($)

Downtime ($)

Item repair ($)

Env. clean up ($)

Adjacent repairs ($)

TOTAL ($)

Management
Factor x

x =

Risk should be quantified and thereby controlled

Risk Reduction

5

4

3

2

1

A B C D E

VERY HIGH RISK

MEDIUM RISK

LOW RISK

Increasing
Likelihood

Increasing Consequence

HIGH RISK

Risk Based Inspection 
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Automatic Risk Target and Inspection Planning

Inspection 
TargetD

am
age Factor (D

F) Predicted Risk 
Increase

Now
Time

Time to next 
inspection

Highly Effective

Risk / DF

1st TA 2nd TA

Fairly EffectiveD
F

RBI
5 X 5 

2009 2014
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RBI -
5 X 5 

2014 VS 

Pareto
Pareto 2009 DNV RBI 8%

93%
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RBI
API580 RBI 

…

-1/3

MEDIUM HIGH213772.9966PIPE-44-P-23021-AA216

MEDIUM HIGH23847.86109PIPE-88-P-22137-AA215

MEDIUM HIGH37555.08765PIPE-1010-P-23005-AA214

MEDIUM HIGH6413.681878PIPE-88-P-22109A-AA213

MEDIUM HIGH6413.681878PIPE-88-P-22109-AA212

MEDIUM HIGH6766.76467PIPE-88-P-22101-AA211

MEDIUM HIGH15380.22201PIPE-88-P-22100-AA210

MEDIUM HIGH37666.59067PIPE->1618-P-22097-BA29

MEDIUM HIGH15487.35963PIPE-88-P-22137A-AA28

MEDIUM HIGH6905.809669PIPE-88-P-22136B-AA27

MEDIUM HIGH6905.809669PIPE-88-P-22136-AA26

MEDIUM HIGH6342.908972PIPE-88-P-22134-AA25

MEDIUM HIGH7950.189065PIPE-88-P-22082A-AA24

MEDIUM HIGH8590.316145PIPE-88-P-22082-AA23

MEDIUM HIGH302131.4004PIPE-43-P-23032-AA22

MEDIUM HIGH84920.18271PIPE->1624-P-22044-AA21

( )(USD)
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-2/3

MEDIUM HIGH142039.2028PIPE-44-P-22109B-AA232

MEDIUM HIGH111870.383PIPE-22-CL-23008B-AA531

MEDIUM HIGH116092.4626PIPE-22-CL-23008A-AA530

MEDIUM HIGH111865.3859PIPE-22-CL-23007-AA529

MEDIUM HIGH108605.9032PIPE-43-CL-23006B-AA528

MEDIUM HIGH108605.9032PIPE-43-CL-23006A-AA527

MEDIUM HIGH108605.9032PIPE-43-CL-23006-AA526

MEDIUM HIGH117949.2075PIPE-22-CL-23005-AA525

MEDIUM HIGH124001.387PIPE-22-P-23033-BA224

MEDIUM HIGH84172.64405PIPE-44-P-22156-BA223

MEDIUM HIGH153345.688PIPE-43-P-22150-AA222

MEDIUM HIGH88518.38247PIPE-44-P-22073A-AA221

MEDIUM HIGH34001.86847PIPE-66-P-22065-AA220

MEDIUM HIGH79933.36035PIPE->1618-P-22044-AA219

MEDIUM HIGH28618.10318PIPE-44-P-23006A-AA218

MEDIUM HIGH231787.3194PIPE-44-P-23021A-AA217

( )(USD)

-3/3

MEDIUM HIGH111345.8098PIPE-66-FG-23001A-AA248

MEDIUM HIGH25149.52615PIPE-44-SL-90002-SZ147

MEDIUM HIGH128925.7433PIPE-44-P-23027B-AA246

MEDIUM HIGH133669.7566PIPE-44-P-23027A-AA245

MEDIUM HIGH141001.7752PIPE-44-P-23027-AA244

MEDIUM HIGH158555.5046PIPE-44-P-23025A-AA543

MEDIUM HIGH153484.7427PIPE-44-P-23025-AA542

MEDIUM HIGH153484.7427PIPE-44-P-23024-AA541

MEDIUM HIGH133898.6063PIPE-44-P-23023A-AA540

MEDIUM HIGH149771.7923PIPE-44-P-23023-AA539

MEDIUM HIGH141001.7752PIPE-44-P-23022-AA538

MEDIUM HIGH147430.7855PIPE-44-P-22159A-AA237

MEDIUM HIGH147426.7448PIPE-44-P-22159-AA236

MEDIUM HIGH108742.2729PIPE-44-P-22110C-BA135

MEDIUM HIGH147623.8423PIPE-44-P-22110-BA134

MEDIUM HIGH167343.5157PIPE-44-P-22110A-BA133

( )(USD)
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Slide 41

2014 93,710,313
90% 9,158,160

X=Not normally used3=Possibly effective2=Moderately effective1=Highly effective

x1-2X2-32-3XMetallography

XX1XX1-3Dimensional Measurements

XX1-33-X3-X1-3Radiography

XX2-XXX1-2Flux Leakage

XXX1-21-21-2Eddy Current

3-XXX1-31-3XAcoustic Emission

XXXX1-3XDye Penetrant

XXX3-X1-2XFluorescent Magnetic Particle

XXX1-21-2X( )
Ultrasonic Shear Wave

1-2X1-33-X3-X1-3( )
Ultrasonic Straight Beam

1-3X1-2X2-31-3Visual Examination

CUI
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73 8.99%

130 16.01%

293 36.08%

316 38.92%

812 100.00%

HIGH375638.8328REACTORR-220215

HIGH272022.8184REACTORR-220114

MEDIUM HIGH1043043.965COLUMNBTMV-2302-Btm13

MEDIUM HIGH31862.11099COLUMNTOPV-2273-Top12

MEDIUM HIGH163627.0185COLUMNBTMV-2273-Btm11

MEDIUM HIGH108185.9246COLUMNTOPV-2271-Top10

MEDIUM HIGH4447.404195COLUMNTOPV-2231-Top9

MEDIUM HIGH11627.61062EXCHANGERE-2278D-SS8

MEDIUM HIGH11627.61062EXCHANGERE-2278C-SS7

MEDIUM HIGH11627.61062EXCHANGERE-2278B-SS6

MEDIUM HIGH11627.61062EXCHANGERE-2278A-SS5

MEDIUM HIGH246673.0119DRUMD2309-BOOT4

MEDIUM HIGH289522.4262DRUMD23093

MEDIUM HIGH264466.6531DRUMD23082

MEDIUM HIGH15568.61445DRUMD22731

( )(USD)
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45

2009 RBI ( )

( )
ISO

181



RBI 

705 29
13

RBI

RBI 
8 )

93

RBI 2
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3. :
SIL

SIL( )

EUC (Equipment Under Control)
EUC( )

EUC (EUC risk)
EUC EUC EUC

(SIF Safety Instrumented Function)

(SIL Safety Integrity Level)
( 1 4)

SIL4
SIL1

(SIS Safety Instrumented System)
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(SFF Safe Failure Fraction)

(Hardware Fault Tolerance HFT)

(Safety Integrity)

(LoPA Layer of Perotection Analysis)

(Failure Rate)

( X )

( )
( )
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PFD PID

EUC

SIF

SIF SIF

1. 2.
3.

SIF SIL

SIF

SIL

SIF

( 7-1)

SIS ( 7-2)

HAZOP
( 7-3)

SIL

7-4

SIL
( 7-5)

SIL
-1

PFD
(

7-6~7-7)

EUC
( 7-8-1)

- SIL
( 7-8-2)

7-8-3

PFD

SIL
1.PFDavg

2.HFT

SIF
SIL

SIF

SIL
-2
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Pressure 
Transmitter

1oo1

PLC
2oo3

Solenoid 
valve

Hydraulic 
SDV

Pneumatic control 
valve

Definition of Functional Boundaries to EUC
( EUC )

Separator

ESV1

XV

XV

PSVEUC

Figure 1

LT

PSD 
Logic

Io

ESD 
Logic

PSD 
Solenoid

ESD 
Solenoid

PSD 
Solenoid

LAHH function

LALL function
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SIL ( )

(SIL, Safety Integrity Level)

( 1 4)

SIL :

SIL-PFD 
Shown as

PFD
1RRF

Regime de Baixa Demanda Safety Integrity 
Level 

(Probabilidade de Falha 
na Demanda - PFD) 

Fator de Redução de 
Risco (FRR) 

4 45 10  a 10  10.000 a 100.000 

3 34 10  a 10  1.000 a 10.000 

2 23 10  a 10  100 a 1.000 

1 12 10  a 10  10 a 100 

 

Low Demand Regime

PFD RRF

PFD (Probability of Failure on Demand) :

RRF(Risk Reduction Factor) :
( ) ( ) PFD
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HFT
• IEC 61508-2 “A ”:

B

1 SFF 
0 1 2 

< 60% SIL1 SIL2 SIL3 
60% - < 90% SIL2 SIL3 SIL4 
90% -< 99% SIL3 SIL4 SIL4 

 99% SIL3 SIL4 SIL4 
*1: N N 1  

IEC 61508-2 7.4.3.1.1 7.4.3.1.4 
 

A

43 SIF 34 SIL

SIL , 34

SIL , 9

SIL , 3

SIL , 31

SIF PFD SIL
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SIL –

SIL

SILa 23 17.8

SIL1 94 72.9

SIL2 9 7.0

SIL3 3 2.3

SIL4 0 0.0

129 100.0

- SIL HAZOP

17.8% 72.9% SIL1 7.0% SIL2; 2.3% SIL3

SILa, 17.8

SIL1, 72.9

SIL2, 7.0
SIL3, 2.3

SILa
SIL1
SIL2
SIL3

SIL –

SIL

SILa 1 2.5

SIL1 29 72.5

SIL2 1 2.5

SIL3 9 22.5

SIL4 0 0.0

40 100.0

- DNV SIL HAZOP

2.5% 72.5% 2.5% SIL2; 22.5% SIL3

SILa, 2.5

SIL1, 72.5

SIL3, 22.5

SIL2, 2.5

SILa
SIL1
SIL2
SIL3
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SIL – (SIF)

- DNV SIL HAZOP

20.9% 69.8% SIL1 ; 7.0% SIL2 ; 2.3% SIL3

SILa, 
20.9

SIL1, 
69.8

SIL2, 7.0
SIL3, 2.3

SILa

SIL1

SIL2

SIL3

SIL

SILa 9 20.9

SIL1 30 69.8

SIL2 3 7.0

SIL3 1 2.3

SIL4 0 0.0

43 100.0

SIL

43 SIF SIL

(SIF) 43 11 (EUC)

SILa 9 20.9 23 17.8 1 2.5

SIL1 30 69.8 94 72.9 29 72.5

SIL2 3 7.0 9 7.0 1 2.5

SIL3 1 2.3 3 2.3 9 22.5

SIL4 0 0.0 0 0.0 0 0.0

43 100.0 129 100.0 40 100.0

SIL
SIF
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43 SIF SIL

SILa
21%

SIL1
70%

SIL2
7%

SIL3
2%

SILa
SIL1
SIL2
SIL3

SIL
a 9 9 0 0
1 30 29 1 1
2 3 2 1 1
3 1 0 1 1

 SIL a

43 SIF

0

5

10

15

20

25

30

35

40

SIL SIL

3
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Maker
Model
Type
Service

Clean/ Severe

Close on trip or Open on trip

Full Stroke or Tight shutoff

Normal or PVST

Failure Rate 

Failure rate 

D

SINTEF: Reliability Data for Safety Instrumented Systems, PDS Method 
Handbook, 2006 Edition,

SINTEF: Reliability Prediction Method for Safety Instrumented Systems, 
PDS Method Handbook, 2006 Edition

EXIDA Safety Equipment Reliability Handbook, 2007 Edition

OREDA: Offshore Reliability Data Handbook, 4th Ed(2002)
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PFD SIL

SIL ( SFF

SIS
LoPA (Layer of Protection Analysis)

1.RBD

2.PFD
TAG MTTR DC (D) Logic DD DU SD SFF MTTFS(h)

PSL-23401 4 0 1 oo 1 0 1.29E-07 0 0.05 - -

TAG MTTR DC (D) Logic DD DU SD SFF MTTFS(h)
circuit breaker of C-

2385 4 0.25 1 oo 1 0 1.50E-07 0 0.02 - -

TAG MTTR DC (D) Logic DD DU SD SFF MTTFS(h)

Relay 4 0 1 oo 1 0 2.70E-06 0 0.02 - -

- .

3.PFD Contribution
% PFD %

Sensor element 1.70E-03 14.71
Final element 1.97E-03 17.04
Logic Solver 7.89E-03 68.25

Total 1.16E-02 100.00

Initiator 4.62E-05
Actuactor 6.43E-02

                                    

Final Element

Logic Solver

EUC
SIF
Target SIL 

Sensor Element

C-2385

PSL-23401

1

3

Pressure switch  
1 oo 1

Relay
1 oo 1

Circuit breaker
1 oo 1

Final 
element, 

17.04

Logic Solver, 
68.25

Sensor 
element, 

14.71

Sensor element
Final element
Logic Solver

EU
C
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EUC

PFD SIF

PFD
SIL SIF

 

SIF HV-
001A, HV-001B, HV-001C, HV-002, HV-008, 
PV-112B, PV-110, XV-102, FV-007A 9

PVST

PFD SIL

SIF 9
PVST

HV-001A/C HV-002 HV-
008 PV-112B PV-110 FV-
007 7 PVST 

PFD
multi-function HV-

001B XV-102  
PFD

7
PFD SIL

3 SIF 9
3 SIL

EUC02-Reactor - R-2201

TAL-006A, TAL-
007A, TAL-008A
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PFD SIF

PFD
SIL SIF

 

SIF HV-
001A, HV-001B, HV-001C, HV-002, HV-008, 
PV-112B, PV-110, XV-102, FV-007A 9

PVST

PFD SIL

SIF 9
PVST

HV-001A/C HV-002 HV-
008 PV-112B PV-110 FV-007 7

PVST 

PFD
multi-function HV-

001B XV-102  
PFD

7
PFD SIL

3 SIF

3 SIL

EUC04-Regenerator - R-2202

LALL-004A/B/C

PFD SIF
PFD

SIL SIF
1 HV-001A/C HV-002 HV-

008 PV-112B PV-110 FV-007 7
PVST

PFD
HV-001B XV-102 

HV-
003, HV-004, HV-005, HV-006, XV-001 
XV002 
6 3

SIL

PFD
multi-function HV-

001B XV-
102 PFD

7 PFD
SIL

2 SIF
9 HV-001A, HV-001B, HV-

001C, HV-002, HV-008, PV-112B, PV-110, XV-
102, FV-007A HV-003 HV-004

PVST

PFD S
IL

SIF 9
PVST HV-

003 HV-
004

PVST

SIF
1.5

3 SIL

FAL-014A/B/C

EUC04-Regenerator - R-2202
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PFD SIF
EUC SIF

C-2201

PSLL-006A/B/C

SOV-008A/B
C-2201

C-2201

BNC_SD

XE-22-009A/B/C

XT1-XT-11A/B/C

TSH-22-033A/B/C

SE-22-001A/B/C

SS-EXP A/B/C

SS-TUR A/B/C

HFT SIF

EUC SIF

R-2201
TAL-006A, 
TAL-007A, 
TAL-008A

R-2202 LALL-
004A/B/C

O 90%-<99% A    
60%-<90% A    

X
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SIL

Slide 77

SIF

SIF
SIF

SIL
Redundancy

20.9% SIL

SIL 3 2.3% LALL-
004A/B/C; SIL 2 7.0% TSH-
23402A/B/C TSH-23405A/B/C TAL-006A/007A/008A

SIL

SIL
SIF PFD

HFT SIF

SIL HFT
PFD

SIL
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SIL

18% SIL SIF

3 SIF IEC61508/61511

SIL
SIF

4. :
RCM

RCM
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Source: The Society for Maintenance and Reliability Professionals in US, 2000
2000 

RCM

RCM 

Maintenance Strategy 
/ Task Package 
Development / Spare 
parts identification

Task optimization

Data mapping / Job 
packing / load leveling 

Developme
nt of PM 
Routines

Low Consequence or 
non-critical task 
selection or Run to 
Failure

System 
Screening 

Risk

Low 
Risk

Run to 
Failure 
evaluation

High 
Risk

CMMS 
Implementat
ion (includes 
planning & 
scheduling)

Living Program 
(Periodic review 
of new 
maintenance 
regime by RCM 
team)

Failure Modes & 
Effect Analysis 
(FMEA)

System / 
Equipment 
Boundary 
Definition

System 
Functions

Functional 
equipment and 
equipment types

Risk Analysis

Assignment 
of failure 
modes

Identification of 
failure causes

High 
Risk

Low 
Risk Risk

199



RCM 

5

4

3

2

1

A B C D E

VERY HIGH RISK

MEDIUM RISK

LOW RISK

Increasing
Likelihood

Increasing Consequence

HIGH RISK

RCM 

S
li

•

• /

• RCM ---

• / /

• RCM ---

•

200



RCM D RCM
Issue Classical RCM DNV Stream-line RCM

Consider Maintenance strategy based on risk Maintenance strategy 
based on risk

Analysis FMEA & risk analysis, consider all tags 
& all failure modes

1. Screening analysis

2. Functional Failure

Modes

Time Spent & 
Cost 100% 30%

Benefit

1. Improvement plant reliability

2. Decreasing unplanned shutdown

3. Teamwork & ownership results 

4. Decreasing potential risk

5. Identify most of low risk items

Same

RCM 
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RCM 

2x2 risk matrix is used to perform the analysis 
(2*2 )
PoF is assessed either as Low (<10-5) (category 1) or 
High (>10-5)(categories 2,3,4&5)   
( )
CoF is assessed either as Low (category 1) or High 
(categories 2,3,4&5) for safety, environmental, 
economic and other impacts 
( )

Screening

Medium Risk                                                                          

5

4

3

2

1 <10
-5

Low probability of 

Failure or negligible

Low Risk

These systems are also included for 
detailed RCM evaluation; minimum 
surveillance with corrective
maintenance as required 

Consequence of failure

A    
Low consequence of failure 

(acceptable)

Probability of failure

B                       C                       D                         E                        

High consequence of failure (unacceptable)

High probability of

failure
>10

-5

Risk categories and screening actions

Perform detailed RCM evaluation; 

Consequence is high, hence maintenance strategies should be 
considered to ensure low probability; apply cost-benefit 
considerations; Identify items for consequence mitigation study

Medium Risk

Perform detailed RCM evaluation; Perform detailed RCM evaluation;

Develop appropriate maintenance strategies to lower 
the probability;Identify items for consequence 
mitigation study;

Maintenance strategies should be
considered to lower the probability; 
apply cost-benefit considerations. 

High Risk
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High/Medium 
Risk /

Define system 
boundary & 
function

system 
screening 

Equipment 
Screening

RTF or CM

Do detail FMEA & Risk 
Analysis on Failure mode & 
against to tag level

FMEA

High/Medium
Risk /

Yes

No

No

Yes

D RCM –
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RCM 

RCM 

RCM 

D

1.
2.
3.
4.

RCM -
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FMEA :

1.

2.

3. (MTBF, ) 
4.

5.

6. ( )
7. ( )
8.

/

D

D PoF

FMEA/

FMEA/

D

FMEA/

Y

N

Y

N

1. 5.  ( )
2. (MTBF, )     6.  ( )
3. 7.  
4. 

/

1.
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D ( 100 )

RCM 
RCM -
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/ 

RCM 
ORBIT-RCM( & & )

207
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FMEA

( , , )
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RCM FMEA

RCM 
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Failure Mode, 

Failure Causes, 

Root Causes

Industry

Business category

Installation

Plant / Unit

Section / System

Equipment unit

Subunit
Function

Failure mode #1 Failure mode #2 Failure mode #3

Failure cause #1

Failure cause #2

Failure cause #3

Root
cause

Root
cause

Root
cause

Failure cause #1

Failure cause #2

Failure cause #3

Root
cause

Root
cause

Root
cause

Failure cause #1

Failure cause #2

Failure cause #3

Root
cause

Root
cause

Root
cause

Component / Maintainable Item

Part

RCM -

•
•
•
•

•
•
•
•
•
•
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100 RCM 
Client Year Description of Work

CPC RFCC Unit,
Taoyuan Refinery

2008 RCM study project for CPC Taoyuan Refinery RFCC plant,
including RCM software training

CPC ROC Unit,
Kaohsiung Dalin
Refinery

2007 RCM Study Project for CPC ROC Unit, to prevent
unplanned shutdown and increasing equipment reliability

CNOC RFCC
Unit, Lanzhou

2006 RCM study project for CNOC Lan-zhou Refinery FRCC
plant, including training and one RCM software

CPC FCC Unit,
Kaohsiung

2006 RCM Study Project for CPC FCC Unit, to prevent
unplanned shutdown and increasing equipment reliability

Vopak Terminals,
Shanghai

2005 Maintenance plan development using RCM technique for
all systems of the Vopak Terminal Storage facilities;
development of philosophy, method and implementation as
well as Root Cause Failure Analysis (RCFA) for selected
high risk items; provision of RCM training.

PRSS/GDC,
Putrajaya

2005 RCM Implementation for Maintenance plan development
for Gas District Cooling plant for Putrajaya, Kuala Lumpur
subsidiary of Petronas; provision of RCM training.

Maoming
Refinery

2004 RCM Implementation for Maintenance plan development
for ethylene cracking unit.

RCM : -

( ) 3

( )
5

75

14

( ) 56

( ) 14

56

1

66

8

14

1

( ) 211

524
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(27 Tag Types used in plant)

CMMS RCM

Data Collection

RCM

CMMS
PM Loading 
Sheet

Sheet Form

CMMS
Database

RCM
Database

Consultant

CMMS UI

213



91 156 39 289

CMMS RCM

DNV / (Tag-Mapping)
RCM D

Excel
Excel CMMS
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FRCG

15 57.7
8 30.8
3 11.5
26 100

7 FMEA

140 26.7
166 31.7
218 41.6
524 100
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FMEA & RISK 

26 -
47 -
211 1172

FMEA 313 596
524 1768

FMEA & RISK 

(H) 28(1.6%)
(M) 264(14.9%)
(L) 304(17.2%)

(LL) 1172(66.3%)
1768(100%)
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( )

(H) 27(5.15%)

(M) 180(34.35%)

(L) 106(20.23%)

(LL) 211(40.27%) 

524(100%)

FMEA 
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FMEA 

FMEA 
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FMEA 

FMEA
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123

1,000

RCM 

(Failure Mode), 

(Failure Causes), 

(Root Causes)

#1

#2

…

#n

#1

#2

…

#n

#1

#2

…

#n

D#2 #n#1
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156 17%

315 34%

164 18%

117 13%

36 4%

141 15%

Total 929 100%

CMMS RCM /

Data Collection

RCM

CMMS

Interface

Excel Loading
Sheet

CMMS
Database

RCM
Database

Consultant

Web

Manual
Collection

Excel Data
Sheet

RCM Data
Process

RCM
Analysis
Process

RCM
DBMS

Consulting
Process

Updating
Script
Process

CMMS
DBMS

Display
Process

221



RCM to CMMS

RCM
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RCM ( CMMS )

Special valve Pump
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RCM

0
10
20
30
40
50
60
70
80
90

100

RCM

100%
100%
100%

0
10

20

30
40

50
RCM

10%

42%

33%

16%
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F2

T1

F1

P1
T3 T4 T5T2

T6

T7

P2 P3 P4 P5
P6

TA

TB TA

TA

TC

TD

N1

I1

Intercooler

Aftercooler

Intercooler

RecycleValve

Driver 1st Stage 2nd Stage 3rd Stage

C-3101 C-3102 C-3301

Compressor 1 1 1

Turbine 1 0 1

Expander 1 0 0

Pump 4 2 12

Cooler 5 2 13

Drum 8 1 8

Valve 7 3 2

Interlock 31 16 34

Others 2 2 4

Total 60 27 75
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0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

C-3101 CT-3101 CM3101 CX-3101 C-3102 CM-3102 C-3301 CT-3301

PM 4 or 6
PM 2
PDM
First Line

RCM

0
10
20
30
40
50
60
70
80
90

100

RCM

100%

0
5

10
15
20
25
30
35
40
45
50

RCM

50%
50%
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- 1
E-3202 A/B/C/D (FRACTIONATOR OVHD TRIM COOLERS)

(19.1*2.1t*6100*1596pcs)
MTBF 15 POF 0.234

NDT 47,812,500

1. 15
NTD 47,812,500

2. 2 7
50000 7 NTD 350,000
: 250,000

47,250,000 600,000

- 2
C-3301 ZSHH-3305T, CT-3301-COMPRESSOR

AXIAL DISPLACEMENT TURBINE

MTBF 60 ( )
NTD 61,875,000

1. 60
NTD 61,875,000

2. 2 30
3000 30 NDT 90,000

-15years 4
50,000 4=NTD 200,000

61,875,000 290,000
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RCM
5.15% 123 1,000

28 27

929 / 
/ ( 38 ) 

60.5%

RCM

Thanks for Your Attention
DNV
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