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Facility and Service Design and Development Suppliers 

Operation and Maintenance Service Suppliers 
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Safety 

Risks associated with 

Availability and Safety  

Performance and 

life cycle costs            

Operability

- Learnability

- Memorability

- Efficiency 

- Faultlessness

- Satisfaction

Dependability

- Reliability

- Maintainability

- Supportability

Maintenance

- Condition Based

- Time Based

- Corrective

LHC-Functions

Systems Structures Components

Location Technology Persons

Failures Deviations Human errors

RAMS Terminology - Application and Management of Systems Engineering 
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Risks associated with 

Availability and Safety  

Performance and 

life cycle costs            

Application and Management of 

Systems RAMS Engineering 
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Understanding of  

Functions’, Systems’, Structures’ and 

Components’ RAMS interconnections 

and causal relations to the System 

Availability and Safety Performance 

and life cycle costs  

Specification and Allocation of design requirements & basis 

Seeking out and selecting design solutions 

Main 

function 1

Main 

function 2

Support 

functions 1...m

Technical 

System   1

Technical 

System   2

Technical 

System  s

Main 

component 1

Technical 

performance

Availability 

performance

Safety 

performance

Sub-function 

1

Main 

function n

Sub-function

2 

Sub-function 

k-1

Sub-functions 

k

Structures 

1...r

Main 

component 2
Main 

component u-1

Main 

component u

Sub- 

component 1
Sub- 

component 2

Sub- 

component u-1

Sub- 

component u

Encapsulation Plant 

Failure Consequence 

SSC Failure 
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Specification of requirements for the 

Facility Operational Availability, Safety 

and O&M Costs (crude estimation)

Request for DMEs proposal 

including the 

1) Specification of RAMS 

Performance and O&M Data 

that needs to be attached in 

the proposal, and

2) Description of RAMS 

Analyses and Design Reviews 

that need to be carried out 

during the Plant Design and 

development process

Potential DMEs Suppliers

Idea Generation and 

Screening 

Plant Function Performance 

and Business Objectives

MC =  Maintenance Costs

DMEs = Design and Manufacturing Entities 

associated with a Plant systems, structures 

and components, SSCs

How can this be achieved?

DME proposals including the

1) Specified RAMS 

Performance and O&M Data

2) RAMS Analyses and 

Reviews to be carried out 

during the Facility design and 

development

Comparison of 

the Proposals

Selection of the DMEs 

Suppliers 

Preparation of Final 

Contracts of DMEs 

Specification and Allocation of RAMS 

Requirements for DMEs of the Plant 

Possible 

Changes to

Yes

No

Yes

Proceed to

Facility

- Engineering

- Component development & Procurement

- Construction and Manufacturing

- Assembly & Installation

- Commissioning & Start-up

- Operation and maintenance

- Waste management and disposal

Data & Information related to:

-  Market: demand, price & competition

-  Customer: operation profile, risk tolerance

-  Product Technology: state of the art 

-  Safety and Environment 

-  Legislation and Directives 

-  Financial and Business, Others

What should the Facility achieve?

Specification and Allocation of design requirements & basis 
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Input Data for Specification of 

RAMS and MC Requirements

Definition of 

the Facility

Business Objectives

How can this 

be achieved?

Time periods and unavailabilities:

Age at the end of the useful life period (LC) t4
Age at the end of the warranty period t1
Age at the aging (wear-out) period starts t3
( 0 < t1 <  t3 < t4 )

Unavailability caused by SPM Us

Unavailability caused by UPM Uu

Unavailability other than SPM, UPM, CM Uo

Specification of requirements for 

the Facility Operational 

Availability and Maintenance 

Costs (crude estimation)

CM-time requirements: 

Average CM-time (single) m

Minimum CM-time (a < m) a

Probability of Minimum CM-time p (0 < p < 1)

Adjustment parameter (a > 0) a

Allowed failure tendency (TopReq A)

Average number of CMs in 0...t4 I4
Average number of CMs in 0...t1 I1
P % higher CM-tendency in 0...t1  than in t1...t2 P

Q % higher CM-tendency in t3...t4  than in t2...t3 Q

Allowed unavailability caused by failures (TopReq C)

Unavailability in time period 0….t4 U4

Unavailability in time period 0….t1 U1

Unavailability in time period t3...t4 U34

Adjustment parameter for S and S’ e

(CM tendency in 0...t1  is S times the CM tendency after t1) 

(CM tendency in t3...t4  is S’ times CM tendency before t3)

Required reliability (Rel) in calendar interval 0...t4  (TopReq B)

Reliability in age periods (t, t + D]Í(ta, td], 0 < ta ≤ t1 < t3 ≤ td < t4) Rel

Lenght of the age period (for Rel below) D

Age at the end of the commisioning/burn-in period ta
Age until required Rel need to be fulfilled td
P % higher CM-tendency in 0...t1  than in t1...2·t1 P

Minimal CM rate at 2·t1   (l < l0)     (l0 = -ln(Rel)/D) l

Shape parameter after 2·t1 g
O

RAND

Maintenance Cost (MC) requirements: 

Average MC in time period 0….t4 MC4

SPM/UPM/CM costs % of MC

Owners/Operator needs and focus

Investment and LCC

Availability and 

Safety performance

Asset management

Assurance

- Warranty

- Service contract

Manufacturer target and focus
-  customer satisfaction

-  sales, market share, revenue, profit, ROI

-  investment to reliability, maintainability

   safety and serviceability

Specification and Allocation of design requirements & basis 
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Management of 

Design review in 

Design and 

Development Process 
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selecting design  

solutions –  

RAMS design  

reviews process 

Identification of undesirable 

events related to the Design:

Failure mode

- consequences

- cause

Process deviations

- consequences

- causes

Human errors

- consequences

- causes

Identification and 

analysis of 

minimal-cut-sets 

related to the 

defined gate-

events in TOP 

cause-

consequence tree. 
(Note. Defined gate-

event can be different 

than TOP-event)

Calculation of 

conditional 

probability for the 

combinations of 

root-cause-events 

which lead to the 

occurrence of the 

selected gate-

event.

Prioritization of the 

root-cause-events 

combinations  from 

availability risk 

point of view, and 

updating the list of 

events' criticality 

based on the 

availability risks.

Prioritization of the 

root-cause-events 

combinations from 

safety risk point of 

view, and updating 

list of the events' 

criticality based on 

the safety risk.

Prioritization of 

root-cause-events 

from the 

availability and 

safety perspective, 

and updating the 

list of events' 

criticality.

Assessment of the 

causes' and/or 

mechanisms' 

detectability which 

can lead to the 

critical events' 

occurrence.

Assessment of 

FSSCs criticality

from FDF’s 

availability,

safety and costs

perspective.

  Prioritization, 

Selection and 

Organizing of 

the Design to 

be Reviewed.ELMAS 
Database

FSSCs cause-
consequence 

logic
RAMS data

Risk reduction 
tasks 

descriptions

Assessment of 

the feasibility of 

risk reduction 

tasks related to 

the critical 

events’ 

occurrence.

Engineering and 

scheduling of risk 

reduction tasks to 

be performed 

according to the 

Design Change’s 

priority (TOP10 list)

Management 

of required 

Design 

Changes 

associated with 

the proposed 

Design 

solution.

FMEA

Hazop

HEA

1
2 3 4 5

6

911

13 14 15 16

10

Identification 

of safety 

damage 

range the 

consequence 

of root-cause-

events can 

cause.

7

17

Work 

safety

Radio-

logical 

safety

Fire 

safety

12

Estimation of 

RAMS data 

(frequencies, 

states’ durations, 

work and material 

costs) connected 

to the gate-events 

and the root-

cause-events.

Review Availability 

or Safety in the 

Design. 

(Deterministic and 

Probabilistic 

approach In 

Failure Tolerance 

Analysis is applied 

according to state 

of the System 

Design .

Select TOP-

event to be 

studied and 

connect 

identified 

cause and 

consequence 

events to it 

level by level 

and branch by 

branch.

Definition of the 

root-cause-

events (according 

to the state of 

System Design) 

and the logic of 

the gates in the 

TOP cause-

consequence 

tree

Calculation of 

importance 

measures for the 

root-cause-

events 

associated with 

the most 

probable cut-

sets. 

Updating of Design review related cause-

consequence logic and RAMS data of SSCs

Selection of a 

gate-event and 

simulation and 

analysis of the 

related sub-tree of 

the cause-

consequence tree. 
(Note. Selected gate-

event can be different 

than TOP-event)

8
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Usage rate and load 

Operation conditions 

State of condition 

CBM, TBM, CM Data 

Maintenance Costs 

Remote 

Monitoring 

Risk 

Assessment 

Optimal 

Combination of 

Maintenance 

Services 
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Facility-Service Innovative Design and 

Development Process 

 - RAMS performance 

     Facility - LCC and Risks     

 - Maintenance Service Program 

Model and Methods for Optimization of the Facility SSC’s specific maintenance service program to  

achieve required availability and safety with minimum costs  

Facility SSC’s specific maintenance service program 
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Optimization of competing maintenance procedures to achieve required availability and 

safety with minimum costs 

Predicted failure 

Time 

Load 

Alarm/warning  

based on the 

remote monitoring  

CBM 

TBM 

Predicted failure 

Failure → CM 

TBM optimization  

“According to IAEA-TECDOC-1590 standard, Reliability centered maintenance (RCM) analysis is a systematic evaluation 

approach for developing and optimizing a maintenance programme (which consists of CM, TBM, CBM). RCM utilizes a 

decision logic tree to identify the maintenance requirements of equipment according to the safety and operational 

consequences of each failure type and the degradation mechanism responsible for failures”. 

 

      Corrective Maintenance, CM 

      Time Based Maintenance, TBM 

      Condition Based Maintenance, CBM 
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Symptom —Defect—Failure—Consequence - Process 

    

Useage 

Causes of  
Defect initiation 

Defect propagation time  

Causes of Defect 
Detection Delay 

Defect 
initiation time  

Causes of Defect 
propagation 

P - F Interval 

P  – F interval  is  
the grace time  
available from  
the presence of a  
defect is  
detected before  

Availability  
problem 

Safety  
problem 

Symptoms Rootcauses   

  Consequences of Failure 
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• Analysis 

• Visualization 

• Knowledge 

• Risk Assessment & Mgmt 

• Decisions 

• Actions 

Data 

Real Time 

Data 

P&ID-window Data-archive window 

3D Drawing window 
3D Reservoir window 

 

Integrated Operations (IO) 

 

Data Integration 

Operation Centre 

1. Instrumented  

Automated identification and 

data capture (AIDC)  

and automation  

3. Integrated data 

information management 

2. Interconneted 

Digital infrastructure and 

Information security 

4. Innovative computing and 

business intelligent software 

5. Intelligent desicions 

IO = Oil&Gas+ICT 

     = Real time data onshore 

        + coverting data to information 

        + technical & organizational consequences 
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             29 oil and 52 service companies, 23500 employees) 

A new and more cost-efficient, 

ICT supported operation concept 
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Intelligent Interpretation of Machine Condition Data 

User interface 
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RAMS Methods and Tools: From LHC to FCC 
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The Total Concept of Data Lifecycle Management 
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ELMAS 

Event 

• MTTF, Failure 
distribution 

• MTTR, Repair 
distribution 

• Maintenance 
actions 

• Break and 
downtime loss 

• Repair Costs 

• Hazards 

• Usage and 
stress profile 

• External 
events 

Logic 

• OR 

• AND 

• K/N-Voting 

• XOR-
Exclusive 

• Limits 

• Conditional 
probability 

• Delays 

• Throughput,  
fuzzy logic 

• Dynamic 
coding 

Modeling 

• Fault tree 

• Event tree 

• Cause-
consequence-
tree 

• Reliability 
block diagram 

• Process 
diagram 

• Waiting and 
redundancy 

• Buffers 

• Failure modes, 
RCA 

Analysis 

• Simulation 

• Availability, 
Safety 

• Risk Analysis 

• Importance 
measures 

• Conditional 
probabilities 

• Spare part 
consumption 

• Resources 

• FMEA, 
Classification, 
RCM, 
Decision tree, 
Criticality 

Software 

• Graphical user 
interface 

• Excel export 
and import 

• HTML report 

• Table 
summary 

• ERP interface 

• Project 
versioning 

• Template 
library 

• Search 

• Web start 


