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This note has been defined in order to give an overview of the key elements of the monitoring
concept which has been identified by World Class Maintenance.

In the period 2011-2013 a variety of monitoring concepts have been reviewed which has resulted in
revitalized attention for the rational monitoring concept which has been developed in 1998 by a
variety of institutions and companies, united in the Delft Cluster porgram.

This concept discernes two main drives in order to apply a monitoring concept:

e a scientific drive and

e a management drive.

For the scientific drive the objective is to learn from the results of measurements in general. In
this case the main criterion that applies is that the system should be able to discern the
observables that one is interested in.

For the management drive, the objective is to control based on the results obtained. This means
that specific alert and alarm criteria need to be defined with the related measures in order to
ensure that the management concept can be expected to be effective.

The latter approach has been applied successfully onto monitoring processes which were applied
during construction phases and can typically also apply to maintenance processes, as the
application of monitoring of hydraulic oil for harbor cranes (Bosch Rexroth; “Nijlpaard”; 2011) has
shown.

Key features of a rational monitoring concept for management purposes, can be summarized as

follows:

e Consider the monitoring approach a a process that needs to be functional during a specified
period.

e Ensure that acceptance, alert an alarm criteria are defined upfront, so before implementing
the monitoring approach.

e Verify that the identified acceptance, alert and alarm criteria (a) can be achieved with the
proposed monitoring setup and (b) can be verified by tests during use (calibration) and (c) that
the setup can be repaired in case the measurement setup has been compromised.

e Ensure related mitigating measures can be executed in time, meaning that the reaction time
between alert/ alarm and the related measure is sufficient to avoid the risk that should be
prevented.

o Assesses that risk by means of a standardized approach (EN 16991 / IEC 61508)

The above is a summary of aspects that are considered relevant. A checklist with instruction has

been developed which has been identified by the acronym “HERMES”, the name of the messenger

of the gods, which stands for “HEt Rationele Monitoring Evaluatie Systeem”, meaning “The Rational

Monitoring Assessment System”.

This checklist and the related set of instructions are included in the next section for application on
any monitoring approach that requires a structured rational analysis.

In case of any comments or queries, feel free to send a message to geerthenk.wijnants@stork.com

You are encouraged to share results obtained when applying this approach to your particular case.


mailto:geerthenk.wijnants@stork.com

Checklist and instruction.

Enclosed are the two components provided which are the core of a rationalized approach, being:

Component:

Defining requirements and related performance upfront.

Defining assessment and decision criteria for the monitoring
approach during execution

Documenting by traceable means that the quality of the

approach is specified, applied and reported as planned, thereby
enabling the capability to provide proof of success as required.

b

Ensuring that the steps mentioned, can be executed as required

by providing an instruction which enables such a process.

8

Background and references:

Background and references with respect to the HERMES monitoring strategy can be found in the
next sources. This applies both to the development of the methodology as well as to the application
of the methodology. In general, when doing an internet search using the combination of “Hermes”
and “Rational Monitoring” or “Rationele Monitoring”, this should provide you already with a variety
of applications that cover the period from 1998 onwards.

Document:

Application:

Link:

Condition Monitoring and
maintenance processes.
March 2013.

Survey of State of the Art
with respect to condition
monitoring concepts; Dec
2342011,

Inventory of condition
assessment concepts. May
5t; 2011

HerMes: The rational
monitoring evaluation
system Final report
Werkinstructie Checklist
HERMES

HERMES Case; Risk
management using a
checking role

Condition monitoring of
trains, hydraulic systems.

Monitoring from a
management perspective;
maintenance related in
particular.

Generic; all types of
monitoring, particularly
monitoring from a
management perspective.
Risk management by
measuring settling

Generic checklist in order to
evaluate the relevant
aspects of any monitoring
technique.

Case history of applying the
Monitoring philosophy on the
settlement process during
construction of a bored
tunnel.

https://www.scribd.com/document/
588050968/0verall-Report-WP2-
WCM-IP-en#

Researchgate WCM IP Workpack 2
Task 4 Step 4.

Reseachgate WCM IP Workpack 2
Task 4 Step 1.

https://www.cob.nl/wp-
content/uploads/2018/01/010107-
dc10_eindrapport_ HERMES. pdf
https://www.kivi.nl/uploads/
media/58aca949ad29f/monitoring-
hermes-instructies. pdf

TU Delft report; DC 01.01.07-04;
2003.



https://www.scribd.com/document/588050968/Overall-Report-WP2-WCM-IP-en
https://www.scribd.com/document/588050968/Overall-Report-WP2-WCM-IP-en
https://www.scribd.com/document/588050968/Overall-Report-WP2-WCM-IP-en
https://www.researchgate.net/publication/260674907_WCM-IP_Workpack_2_-_Task_4_-_step_4_World_Class_Maintenance_Innovation_projects_WCM-IP_Survey_of_State_of_the_Art_with_respect_to_condition_monitoring_concepts_Report_task_4_-_step_4
https://www.researchgate.net/publication/260674907_WCM-IP_Workpack_2_-_Task_4_-_step_4_World_Class_Maintenance_Innovation_projects_WCM-IP_Survey_of_State_of_the_Art_with_respect_to_condition_monitoring_concepts_Report_task_4_-_step_4
https://www.researchgate.net/publication/260675088_WCM-IP_Workpack_2_-_Task_4_World_Class_Maintenance_Innovation_projects_WCM-IP_Inventory_of_condition_assessment_concepts_Report_task_4_-_step_1
https://www.researchgate.net/publication/260675088_WCM-IP_Workpack_2_-_Task_4_World_Class_Maintenance_Innovation_projects_WCM-IP_Inventory_of_condition_assessment_concepts_Report_task_4_-_step_1
https://www.cob.nl/wp-content/uploads/2018/01/010107-dc10_eindrapport_HERMES.pdf
https://www.cob.nl/wp-content/uploads/2018/01/010107-dc10_eindrapport_HERMES.pdf
https://www.cob.nl/wp-content/uploads/2018/01/010107-dc10_eindrapport_HERMES.pdf
https://www.kivi.nl/uploads/media/58aca949ad29f/monitoring-hermes-instructies.pdf
https://www.kivi.nl/uploads/media/58aca949ad29f/monitoring-hermes-instructies.pdf
https://www.kivi.nl/uploads/media/58aca949ad29f/monitoring-hermes-instructies.pdf
https://repository.tudelft.nl/islandora/object/uuid:ef9edb08-d8f2-414a-8cd6-c9cace5336ad/datastream/OBJ/download
https://repository.tudelft.nl/islandora/object/uuid:ef9edb08-d8f2-414a-8cd6-c9cace5336ad/datastream/OBJ/download

 Intro

								The HERMES logo from DelftCluster project report DC1-117-9.



				This spreadsheet is the result of the application of the basic thoughts for the monitoring philosophy HERMES in combination with the principles of risk identification by means of a RISK GRAPH as laid down in IEC 61508. With this combination, a guideline has been developed for an effective approach by means of a rational design of a monitoring program from the initiative phase up to and including the decommissioning/removal phase. The ratio used within the HERMES project relates to the knowledge questions of the “why's”, “what's”, “when's” and “to what extent's” measuring and "processing of measurement results". The RISKgraph indicates the depth required for this. The aspects related to the decisions associated with a monitoring program are described in the basic document DC-01.01.07-05 as used in the "WCM best practise for rational monitoring".
The preliminary study phase and the design phase for a monitoring system are described in generic terms. This spreadsheet supports the rational elaboration and assessment of an arbitrary monitoring system by:
a) testing whether the relevant questions have been answered          (agree with preconditions)
b) recording where this answer is recorded                                        (ensure traceability)
This document can therefore be used by both designers as well as principals in order to test the completeness of the execution of a monitoring assignment.









				Dutch Institute World Class Maintenance		Phone: +31-(0)76 - 53 11 090

				Princenhagelaan 13

				4813 DA BREDA		info@worldclassmaintenance.com

				the Netherlands		www.conditionbasedmaintenance.nl













&"Times New Roman,Bold"&14Checklist CBM&"Times New Roman,Regular"&11
de Rationele Condition Based Monitoring aanpak.	&F	Printdatum: 
&D


&"Times New Roman,Bold"&14World Class Maintenance	File: &F
Tab: &A	



http://www.conditionbasedmaintenance.nl/mailto:info@worldclassmaintenance.com

General



										Project name :

						Checklist Rational Condition Monitoring				Project number :

						Design according to Delft Cluster 01.01.07 & IEC 61508

						Preliminary study								

						Assessor :		0

						Date :		31/Dec/99

				Number		Checkpoint		Assessment		Explanation of assessment

				2.1		Effects of the monitoring project. Risk identification.		Miss 3		0

				Number		Checkpoint		Assessment		Explanation of assessment

				3.1		Objective of the monitoring project		Miss 1		0

				3.2		Demarcation of the monitoring project		Miss 9		0

				3.3		Normative failure mechanisms		Miss 3		0

				3.4		Determine monitoring questions		Miss 1		0

				3.5		Determine monitoring strategy		Miss 4		0

						Design								

						Assessor :		0

						Date :		0



				Number		Checkpoint		Assessment		Explanation of assessment

				4.1		Determination of the parameters to be monitored		Miss 3		0

				4.2		Size order of the variations		Miss 2		0

				4.3		Additional measures if intervention values are exceeded		Miss 4		0

				4.4		Determine location of sensors		Miss 1		0

				4.5		Specific purpose of each instrument		Miss 2		0

				4.6		Environmental influences		Miss 3		0

				4.7		Instrument selection		Miss 3		0

				4.8		Quality requirements for the measurements		Miss 3		0

				4.9		Planning conservation monitoring system		Miss 2		0

				4.10		Allocation of tasks and responsibilities		Miss 3		0

				4.11		Provisional budget		Miss 2		0

				4.12		Evaluation of the design		Miss 5		0

						Final design								

						Assessor :		0

						Date :		0

				Number		Checkpoint		Assessment		Explanation of assessment

				5.1		Overview of the deviations		Miss 1		0

				5.2		The final instrumentation plan		Miss 3		0

				5.3		Final planning functioning monitoring system		Miss 3		0

				5.4		Final planning conservation monitoring system		Miss 2		0

				5.5		Dismantling		Miss 2		0

				5.6		Report		Miss 1		0



















File / Tab: &F / &A		Printdatum en tijd:
&D / &T




Preliminary study



				World Class Maintenance - CBM						Project name :		0

				Checklist Rational Condition Monitoring						Project number :		0

				Based on Delft Cluster 01.01.07 and IEC 61508						Assessor :

										Date :





				Preliminary study

				Number		Checkpoint		Assessment

G.H. Wijnants (Geert Henk - TNO Bouw): Note: To answer with: TRUE (if question is fully answered) orFALSE (if question is NOT fully answered) oror - for example -#AFTER If missing information still needs to be processed.		Explanation of assessment		Where is this recorded

				2.1		Effects of the monitoring project. Risk identification.

				2.1.1		have the risks to persons been determined?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Here it is determined what the consequences can be if NO monitoring is applied. In accordance with IEC 61508, this assumes possible injury, risk of injury and the presence of persons with means of escape.		ERROR:#N/A

				2.1.2		have the risks for the environment (environmental damage) been determined?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: At this point it is assessed what the consequences for the environment (environmental damage/costs) will be WITHOUT monitoring with a reasonable worst case approach.		ERROR:#N/A

				2.1.3		have the risks in case of failure of the function been identified?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Have the consequences of loss of function during the time to recover been assessed?

 This in terms of the total consequential costs for stakeholders.		ERROR:#N/A

						overall rating		Miss 3

				3.1		Objective of the monitoring project

				3.1.1		has the objective been defined as an impulse?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: The intention behind the intended goal is specified here:
A) Management
B) Scientific
C) Legal		ERROR:#N/A

						overall rating		Miss 1

				3.2		Demarcation of the monitoring project

				3.2.1		have the objects that count as "monitoring objects" within the project been selected based on the existing objective?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: At this point it must be clear that the objects to be monitored have a direct relationship with the formulated objective.		ERROR:#N/A

				3.2.2		has the overview of influencing factors from the environment been tested for completeness in terms of the objective?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: At this point it is marked and recorded which influencing factors do have a direct relationship with the effects which are to be monitored and which influencing factors do NOT have such a direct relationship with effects to be monitored.		ERROR:#N/A

				3.2.3		has the duration of the monitoring project been derived from the objective?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: This is where the data is recorded that show that the duration of the monitoring project is sufficient in order to achieve the intended goal.		ERROR:#N/A

				3.2.4		has the necessary budget of the monitoring project been derived from the objective?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: This point indicates that the intended budget enables the intended goals to be achieved		ERROR:#N/A

				3.2.5		has it been established that the intended result can be achieved with measuring instruments?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: At this point it is determined whether there is a need to apply measures other than monitoring.
This check is necessary in order to define the influence limits of monitoring.		ERROR:#N/A

				3.2.6		are the relevant standards and regulations listed?

G.H. Wijnants (Geert Henk - TNO Bouw): Note Determining the norms and standards to be applied is important because it influences the work process to be used as well as interpretations of the end result.		ERROR:#N/A

				3.2.7		have the applicable calculation models been established based on the objective?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Determination of the calculation models to be used as a basis for planning the monitoring interval and for the interpretation of results is necessary in order to achieve the required quality of the information to be collected		ERROR:#N/A

				3.2.8		Have the values of the model parameters to be used, as well as the associated reference data, been recorded?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Determination of the model parameters to be used and associated references is necessary to ensure acceptable references.		ERROR:#N/A

				3.2.9		 has it been checked whether the expected variations in the influencing factors are not an obstacle to achieving the intended result?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: 2.2.9. In order to ensure that possible variation in influencing factors my not ultimately render the intended result useless, it is determined here that the influence of those variations on the result is acceptable.		ERROR:#N/A

						overall rating		Miss 9

				3.3		Normative failure mechanisms

				3.3.1		Is an inventory of failure mechanisms present that has been identified as "complete"?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: All normative failure mechanisms must be established.		ERROR:#N/A

				3.3.2		has the probability of occurrence (or the risk) been determined for each failure mechanism and has it been indicated which references are associated with it?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: The probability of the occurrence of a certain mechanism or the associated risk of that mechanism must be (globally) fixed.		ERROR:#N/A

				3.3.3		Is the determination of the normative failure mechanisms explicitly based on the determined probabilities?

G.H. Wijnants (Geert Henk - TNO Bouw): Note:  It is necessary to establish the normative mechanisms by means of quantitative arguments.		ERROR:#N/A

						overall rating		Miss 3

				3.4		Determine monitoring questions

				3.4.1		 are the monitoring questions explicitly related to the normative failure mechanisms?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: If the normative failure mechanisms are present, the monitoring project must be able to answer the questions explicitly.		ERROR:#N/A

						overall rating		Miss 1

				3.5		Determine monitoring strategy

				3.5.1		Has it been indicated that the monitoring strategies considered concern all effectively applicable possibilities?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Select a number of possible monitoring strategies that are effectively applicable in the situation.		ERROR:#N/A

				3.5.2		has an explicit cost calculation been worked out for each monitoring strategy based on the required measurement intensity and the costs of all phases of the monitoring project?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: For each strategy, determine the total cost of monitoring broken down into design/build and management costs		ERROR:#N/A

				3.5.3		are the benefits (in terms of reduced risk) for each strategy explicitly substantiated on the basis of the explicitly budgeted effectiveness of the strategy?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: For each strategy, determine the benefits related to the reduction of risk		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: To answer with: TRUE (if question is fully answered) orFALSE (if question is NOT fully answered) oror - for example -#AFTER If missing information still needs to be processed.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Here it is determined what the consequences can be if NO monitoring is applied. In accordance with IEC 61508, this assumes possible injury, risk of injury and the presence of persons with means of escape.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: At this point it is assessed what the consequences for the environment (environmental damage/costs) will be WITHOUT monitoring with a reasonable worst case approach.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Have the consequences of loss of function during the time to recover been assessed?

 This in terms of the total consequential costs for stakeholders.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: The intention behind the intended goal is specified here:
A) Management
B) Scientific
C) Legal		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: At this point it must be clear that the objects to be monitored have a direct relationship with the formulated objective.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: At this point it is marked and recorded which influencing factors do have a direct relationship with the effects which are to be monitored and which influencing factors do NOT have such a direct relationship with effects to be monitored.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: This is where the data is recorded that show that the duration of the monitoring project is sufficient in order to achieve the intended goal.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: This point indicates that the intended budget enables the intended goals to be achieved		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: At this point it is determined whether there is a need to apply measures other than monitoring.
This check is necessary in order to define the influence limits of monitoring.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note Determining the norms and standards to be applied is important because it influences the work process to be used as well as interpretations of the end result.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Determination of the calculation models to be used as a basis for planning the monitoring interval and for the interpretation of results is necessary in order to achieve the required quality of the information to be collected		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Determination of the model parameters to be used and associated references is necessary to ensure acceptable references.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: 2.2.9. In order to ensure that possible variation in influencing factors my not ultimately render the intended result useless, it is determined here that the influence of those variations on the result is acceptable.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: All normative failure mechanisms must be established.		ERROR:#N/A

				3.5.4		has the choice of the most attractive strategy based on costs and returns been substantiated?		ERROR:#N/A

						overall rating		Miss 4
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 Design



										Project name :		0

				World Class Maintenance - CBM						Project number :		0

				Checklist Rational Condition Monitoring						Assessor :

				Based on DelftCluster 01.01.07 and IEC 61508.						Date :

				Design

				Number		Checkpoint		Assessment

G.H. Wijnants (Geert Henk - TNO Bouw): Note: To answer with:
  TRUE    (if question is fully answered)
 or
  FALSE  (if question is NOT fully answered)
or - for example -
  #N/A      (if question is NOT fully answered) 		Explanation of assessment		Where is this recorded

				4.1		Determination of the parameters to be monitored

				4.1.1		have the parameters to be monitored been determined in accordance with the chosen strategy?

G.H. Wijnants (Geert Henk - TNO Bouw): Note:  Determine the parameters to be monitored.
The preliminary design specifies the "what, where, when" of the parameters to be measured; at this point it can be worked out whether, with the monitoring results to be obtained, actions can be taken in time to achieve the intended goal in accordance with the monitoring strategy.		ERROR:#N/A

				4.1.2		 has it been made plausible for each parameter that it actually contributes to answering at least one monitoring question?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Indicate which monitoring question(s) is answered by each parameter.
Answering this question determines the extent to which parameters are present that do not influence a monitoring question in any way; if there is no such influence, it is inefficient to include this parameter in the monitoring plan.		ERROR:#N/A

				4.1.3		is it clear that this parameter set answers all monitoring questions?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Demonstrate that the chosen parameters are complete (can answer all monitoring questions).
This question adresses the completeness of the monitoring plan since it ensures that certain parameters have not been forgotten that could jeapordize the goal to be achieved.		ERROR:#N/A

						overall rating		Miss 3

				4.2		Size order of the variations

				4.2.1		Has the range been determined within the intended measurement area over which the parameter to be measured can vary?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Determine the range of each parameter to be monitored. This range is determined by the levels that have been defined to characterize the situations relevant to the monitoring objective.		ERROR:#N/A

				4.2.2		does the system measurement accuracy of the parameter set meet the needs of the monitoring design?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Determine the required accuracy of each parameter to be monitored.
By treating this checkpoint, it is determined whether the accuracy of the final registration of the parameter to be monitored is sufficiently in order to be able to identify the expected changes. This question concerns the system accuracy of which the measuring unit is only a part.		ERROR:#N/A

						overall rating		Miss 2

				4.3		Additional measures if intervention values are exceeded

				4.3.1		Have the parameter value(s) for each failure mechanism been established for which follow-up action is necessary?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: For each failure mechanism, indicate which parameter value(s), when exceeded, should initiate an additional intervention measure.		ERROR:#N/A

				4.3.2		Is a clear and explicit measure linked to each intervention level?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Indicate which intervention measure must be implemented.
You are asked to explicitly work out and record the necessary measures in order to ensure that nothing has been overlooked.		ERROR:#N/A

				4.3.3		Are the measures adopted feasible?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Indicate that this intervention measure is feasible.
The question is to what extent the explicit measure is actually feasible.
This is to avoid that the necessary time or information or persons are missing at the moment that action needs to be taken.		ERROR:#N/A

				4.3.4		Is it clear and recorded who is responsible for the follow-up actions to be taken?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Indicates who is responsible for implementation.
The question is whether the required follow-up actions have a person ultimately responsible in order to prevent that an action might escape from attention due to "group responsibility".		ERROR:#N/A

						overall rating		Miss 4

				4.4		Determine location of sensors

				4.4.1		Have the locations of the sensors been determined on the basis of reliability analyzes for each normative mechanism?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Determine the locations of the sensors.
In this step it is necessary to carry out the determination on the basis of reliability analyzes for all normative failure mechanisms.
This ensures that the location where the parameters are to be monitored, is registered and has sufficient sensitivity for the relevant failure mechanism.		ERROR:#N/A

						overall rating		Miss 1

				4.5		Specific purpose of each instrument

				4.5.1		Is the purpose of each instrument explicit and clear?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: State the specific purpose of each instrument.
These objectives are directly related to the normative failure mechanisms. Instruments without a purpose must be removed. One tool can serve several purposes.		ERROR:#N/A

				4.5.2		Is every normative failure mechanism monitored?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Check whether every normative failure mechanism is being monitored.
For instruments that serve many purposes, and instruments that are essential for monitoring a normative failure mechanism, it is necessary to consider whether one instrument is sufficient.
(the focus of a critical measurement may be compromised when attention is shifted to specific day-to-day issues with loss of sight on critical aspects).		ERROR:#N/A

						overall rating		Miss 2

				4.6		Environmental influences

				4.6.1		Have environmental influences that could lead to deviations from the monitoring system been identified and tested as a factor for influence?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Select relevant environmental influences.
This step determines whether relevant disturbances have been considered and whether their influence has been ruled out by a targeted measure.		ERROR:#N/A

				4.6.2		Is the relationship between these environmental influences and the mechanisms to be monitored clear and explicit?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Indicate for which mechanism each relevant environmental influence is important.
At this point, consideration is given to whether the consequences of the occurrence of a relevant environmental factor for the ultimate monitoring result are known.		ERROR:#N/A

				4.6.3		Is the assessment of the influence of environmental influences explicitly included in the monitoring timetable?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Indicate how the check for environmental influences will be included in the monitoring.
At this point it can be determined whether the relevant environmental factors have been explicitly incorporated within the monitoring programme.
By doing so, the time plan of the monitoring and the time plan of the environmental impact are explicitly linked. At this point, visual observations or general observations (like tidal charts from authorities) may sometimes suffice. If measuring instruments are necessary, these can be included according to the above strategy.		ERROR:#N/A

						overall rating		Miss 3

				4.7		Planning functioning monitoring system

				4.7.1		Is the reading of the measurements planned at the correct frequency?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Schedule the readings (frequency, accuracy according to section 3.2)		ERROR:#N/A

				4.7.2		Has the processing of the measurements been planned with the right frequency and on time?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Schedule the processing of the readings.
This ensures that the necessary processing for follow-up actions is explicitly worked out.
This is to ensure that up to the level of capacity planning the required activities have been worked out in order to prevent capacity shortages.		ERROR:#N/A

				4.7.3		Are follow-up actions included in the planning?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Plan the follow-up actions.
This action ensures that there is also room in the planning for any follow-up actions to be able to fill them in.		ERROR:#N/A

						overall rating		Miss 3

				4.8		Instrumentation

				4.8.1		Have the necessary instruments been selected on the basis of reliability characteristics?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Select the required instruments.
This action is aimed at establishing that instruments have been selected on the basis of quality and reliability requirements.
This is to prevent selection which only focusses on a function.
It should be noted that instruments that have the same specific purpose (see also point 3.5.1) are possible if the purpose of the double implementation is well defined. It can be imagined that the failure or malfunction of an instrument that records essential data renders the complete monitoring effort useless.
That risk must be reasonably covered.		ERROR:#N/A

				4.8.2		Have technical specifications been drawn up for all the necessary instruments?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Prepare specifications for all instruments.
This action is aimed at establishing that requirements with regard to instrument performance (accuracy, reliability, possibly maintainability) are explicitly laid down.		ERROR:#N/A

				4.8.3		Has an installation plan been drawn up for all the instruments?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Draw up an installation plan for all instruments.
This concerns a global planning that is necessary for the global cost estimate. Measuring range and measurement accuracy follow from section 3.2, measurement duration and frequency from sections 2.1 and 3.7.
The installation plan should include step-by-step installation.
see also DelftCluster report 01.01.07-05, par. 3.11, 3.12 and 3.14		ERROR:#N/A

						overall rating		Miss 3

				4.9		Planning conservation monitoring system

G.H. Wijnants: Note: This section falls under the basic design of HERMES under 3.10. 3.9 from that basic structure is included here under 3.8.

				4.9.1		Are procedures for the preventive control of the equipment available?

G.H. Wijnants (Geert Henk - TNO Bouw): Note:  Establish procedures to determine the correct functioning of the instruments.		ERROR:#N/A

				4.9.2		Are calibrations and maintenance scheduled?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Schedule regular calibration and maintenance activities.		ERROR:#N/A

						overall rating		Miss 2

				4.10		Allocation of tasks and responsibilities

				4.10.1		Has it been established who is responsible for the readings?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Indicate who is responsible for the readings		ERROR:#N/A

				4.10.2		Has it been established who is responsible for processing the read results?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Indicate who is responsible for processing the readings.		ERROR:#N/A

				4.10.3		Has it been established who is responsible for follow-up actions?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Indicate who is responsible for follow-up actions.		ERROR:#N/A

						overall rating		Miss 3

				4.11		Provisional budget

				4.11.1		Has a budget been drawn up for the planned monitoring plan?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Draw up a provisional budget for the planned monitoring plan.		ERROR:#N/A

				4.11.2		Is the budget motivated compared to the set budget?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Compare this budget with the available budget (section 2.1 and also 2.6).
In this step, the budget is evaluated in relation to the task-setting monitoring assignment, whereby it is necessary that deviations are clearly motivated.		ERROR:#N/A

						overall rating		Miss 2

				4.12		Evaluation of the design

				4.12.1		Does the design meet the requirements?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Does the design meet the requirements: does the monitoring system answer the monitoring questions?		ERROR:#N/A

				4.12.2		Is management such that the system continues to function?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Is the management of the monitoring system such that the system continues to function?		ERROR:#N/A

				4.12.3		Is obtaining measurement data guaranteed?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Is obtaining the measurement data from the measurement system guaranteed?		ERROR:#N/A

				4.12.4		Are the follow-up actions following the monitoring result guaranteed?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Are the follow-up actions following the monitoring result guaranteed?		ERROR:#N/A

				4.12.5		Are the budgeted benefits (Money, Time, Quality, Image) achieved?

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Are the budgeted returns (in terms of money, time, quality and image) achieved? On what basis can such assurance be given?		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: To answer with:
  TRUE    (if question is fully answered)
 or
  FALSE  (if question is NOT fully answered)
or - for example -
  #N/A      (if question is NOT fully answered) 		

G.H. Wijnants (Geert Henk - TNO Bouw): Note:  Determine the parameters to be monitored.
The preliminary design specifies the "what, where, when" of the parameters to be measured; at this point it can be worked out whether, with the monitoring results to be obtained, actions can be taken in time to achieve the intended goal in accordance with the monitoring strategy.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Indicate which monitoring question(s) is answered by each parameter.
Answering this question determines the extent to which parameters are present that do not influence a monitoring question in any way; if there is no such influence, it is inefficient to include this parameter in the monitoring plan.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Demonstrate that the chosen parameters are complete (can answer all monitoring questions).
This question adresses the completeness of the monitoring plan since it ensures that certain parameters have not been forgotten that could jeapordize the goal to be achieved.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Determine the range of each parameter to be monitored. This range is determined by the levels that have been defined to characterize the situations relevant to the monitoring objective.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Determine the required accuracy of each parameter to be monitored.
By treating this checkpoint, it is determined whether the accuracy of the final registration of the parameter to be monitored is sufficiently in order to be able to identify the expected changes. This question concerns the system accuracy of which the measuring unit is only a part.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: For each failure mechanism, indicate which parameter value(s), when exceeded, should initiate an additional intervention measure.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Indicate which intervention measure must be implemented.
You are asked to explicitly work out and record the necessary measures in order to ensure that nothing has been overlooked.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Indicate that this intervention measure is feasible.
The question is to what extent the explicit measure is actually feasible.
This is to avoid that the necessary time or information or persons are missing at the moment that action needs to be taken.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Indicates who is responsible for implementation.
The question is whether the required follow-up actions have a person ultimately responsible in order to prevent that an action might escape from attention due to "group responsibility".		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Determine the locations of the sensors.
In this step it is necessary to carry out the determination on the basis of reliability analyzes for all normative failure mechanisms.
This ensures that the location where the parameters are to be monitored, is registered and has sufficient sensitivity for the relevant failure mechanism.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: State the specific purpose of each instrument.
These objectives are directly related to the normative failure mechanisms. Instruments without a purpose must be removed. One tool can serve several purposes.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Check whether every normative failure mechanism is being monitored.
For instruments that serve many purposes, and instruments that are essential for monitoring a normative failure mechanism, it is necessary to consider whether one instrument is sufficient.
(the focus of a critical measurement may be compromised when attention is shifted to specific day-to-day issues with loss of sight on critical aspects).		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Select relevant environmental influences.
This step determines whether relevant disturbances have been considered and whether their influence has been ruled out by a targeted measure.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Indicate for which mechanism each relevant environmental influence is important.
At this point, consideration is given to whether the consequences of the occurrence of a relevant environmental factor for the ultimate monitoring result are known.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Indicate how the check for environmental influences will be included in the monitoring.
At this point it can be determined whether the relevant environmental factors have been explicitly incorporated within the monitoring programme.
By doing so, the time plan of the monitoring and the time plan of the environmental impact are explicitly linked. At this point, visual observations or general observations (like tidal charts from authorities) may sometimes suffice. If measuring instruments are necessary, these can be included according to the above strategy.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Schedule the readings (frequency, accuracy according to section 3.2)		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Schedule the processing of the readings.
This ensures that the necessary processing for follow-up actions is explicitly worked out.
This is to ensure that up to the level of capacity planning the required activities have been worked out in order to prevent capacity shortages.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Plan the follow-up actions.
This action ensures that there is also room in the planning for any follow-up actions to be able to fill them in.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Select the required instruments.
This action is aimed at establishing that instruments have been selected on the basis of quality and reliability requirements.
This is to prevent selection which only focusses on a function.
It should be noted that instruments that have the same specific purpose (see also point 3.5.1) are possible if the purpose of the double implementation is well defined. It can be imagined that the failure or malfunction of an instrument that records essential data renders the complete monitoring effort useless.
That risk must be reasonably covered.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Prepare specifications for all instruments.
This action is aimed at establishing that requirements with regard to instrument performance (accuracy, reliability, possibly maintainability) are explicitly laid down.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Draw up an installation plan for all instruments.
This concerns a global planning that is necessary for the global cost estimate. Measuring range and measurement accuracy follow from section 3.2, measurement duration and frequency from sections 2.1 and 3.7.
The installation plan should include step-by-step installation.
see also DelftCluster report 01.01.07-05, par. 3.11, 3.12 and 3.14		

G.H. Wijnants: Note: This section falls under the basic design of HERMES under 3.10. 3.9 from that basic structure is included here under 3.8.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note:  Establish procedures to determine the correct functioning of the instruments.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Schedule regular calibration and maintenance activities.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Indicate who is responsible for the readings		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Indicate who is responsible for processing the readings.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Indicate who is responsible for follow-up actions.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Draw up a provisional budget for the planned monitoring plan.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Compare this budget with the available budget (section 2.1 and also 2.6).
In this step, the budget is evaluated in relation to the task-setting monitoring assignment, whereby it is necessary that deviations are clearly motivated.		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Does the design meet the requirements: does the monitoring system answer the monitoring questions?		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Is the management of the monitoring system such that the system continues to function?		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Is obtaining the measurement data from the measurement system guaranteed?		

G.H. Wijnants (Geert Henk - TNO Bouw): Note: Are the follow-up actions following the monitoring result guaranteed?		ERROR:#N/A

						overall rating		Miss 5

				4.13		Purchase Specifications.

				4.13.1

				4.13.2

				4.13.3

						overall rating

				4.14		Draw up budget.

				4.14.1

				4.14.2

				4.14.3

						overall rating

				4.15		Planning installation.

				4.15.1

				4.15.2

				4.15.3

						overall rating

				4.16		Schedule data acquisition.

				4.16.1

				4.16.2

				4.16.3

						overall rating

				4.17		Schedule data processing.

				4.17.1

				4.17.2

				4.17.3

						overall rating

				4.18		Determine budget.

				4.18.1

				4.18.2

				4.18.3

						overall rating

				4.19		Create design archive.

				4.19.1

				4.19.2

				4.19.3

						overall rating
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				World Class Maintenance - CBM						Project name :		0

				Checklist Rational Condition Monitoring						Project number :		0

				Based on DelftCluster 01.01.07 and IEC 61508.						Assessor :

										Date :

				Final design

				Number		Checkpoint		Assessment

G.H. Wijnants (Geert Henk - TNO Bouw): Note: To be answered with:
  TRUE (if question is fully answered)
 or
  FALSE (if question is NOT fully answered)
or - for example -
  #N/A  If missing information still needs to be processed.		Explanation of assessment		Where is this recorded

				5		Final design

				5.1		Overview of the deviations

				5.1.1.		Has a document been drawn up in which all deviations between the preliminary design and the final design are described and justified?		ERROR:#N/A

						overall rating		Miss 1

				5.2		The final instrumentation plan

				5.2.1		Have one (or more) situation drawing(s) been made for the monitoring project, in which the locations of all instruments are recorded?		ERROR:#N/A

				5.2.2		Have the specifications of each instrument been recorded?		ERROR:#N/A

				5.2.3		Has the method of installation been defined?		ERROR:#N/A

						overall rating		Miss 3

				5.3		Final planning functioning monitoring system

				5.3.1		Is the planning of the readings (frequency, accuracy) described?		ERROR:#N/A

				5.3.2		Has the planning of processing the readings been described?		ERROR:#N/A

				5.3.3		Have the limit values been described for which follow-up actions are required and has it been indicated which follow-up actions must then be taken?		ERROR:#N/A

						overall rating		Miss 3

				5.4		Final planning conservation monitoring system

				5.4.1		Have the procedures been described to determine whether the instruments are functioning correctly?		ERROR:#N/A

				5.4.2		Has the maintenance plan been drawn up?		ERROR:#N/A

						overall rating		Miss 2

				5.5		Dismantling

				5.5.1		Has it been indicated who is responsible for dismantling the system?		ERROR:#N/A

				5.5.2		Has a dismantling plan been drawn up for this?		ERROR:#N/A

						overall rating		Miss 2

				5.6		Report

				5.6.1		Has the designed monitoring plan been laid down in a report containing at least the following elements? : 1. Demarcation of the project and relevant environmental influences 2. Normative failure mechanisms 3. Monitoring questions 4. Summary of the monitoring strategy 5. Instrumentation plan including the location of the sensors, the purpose of each sensor, measuring range and accuracy of the sensors, method of installation 6. Maintenance plan including the procedures for maintenance 7. Performance plan including the method of reading, the method of processing and the procedure for follow-up actions. The responsibilities are also indicated 8. Decommissioning plan		ERROR:#N/A

						overall rating		Miss 1
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Introduction.

This report contains a step-by-step plan for setting up condition- based monitoring (CBM) for
a specific application. This step-by-step plan is the result of a literature study in the context
of World Class Maintenance , in which the following sources have been identified as most
relevant for CBM: (1) the principle for risk identification by means of a risk graph as laid
down in IEC 61508 and (2) the step-by-step approach to rational monitoring as elaborated in
the HERMES monitoring philosophy, a development within the DelftCluster initiative.

In order to record the considerations made in a traceable manner, a checklist has been
developed in which the HERMES aspects have been supplemented with a risk graph for
risk identification. The available material has been used as a basis for both the checklist
and these work instructions.

The questions included in the checklist contain the essential elements that require
attention in condition monitoring.

The risk graph makes it possible to determine the risk that needs to be controlled by
means of CBM measures. The larger the risk, the greater the required depth and the
required certainty that the applied CBM concept will be effective.

With the checklist, answers to the essential CBM components, the so-called
“checkpoints”, are obtained. It is of course important that the arguments used are
traceable.

To this end, the checklist provides for a reference to be recorded at the appropriate place,
with which the details of the applied terms of reference with respect to a particular
guestion can be found.

The questions to be asked are as short and concise as possible. An explanation has
been prepared for those who are not familiar with the background of the questions.
You will find this explanation below.

Together with the basic report and the checklist, this explanation forms a whole for
effectively putting the WCM CBM step-by-step plan into practice.

Applicability.

Monitoring takes place within the various industrial sectors for various purposes.

It is certainly no exception when results obtained through monitoring are used for
purposes other than those originally intended. This creates the risk that the severity of the
monitoring applied is disproportional to the purposes for which the results are used.

For such cases and also when functions are transferred from the persons who are
responsible for monitoring, the checklist provides a clear overview of the objectives set
and the subsequent considerations that played a role in the design of the monitoring
system.

The checklist with this associated work instruction can be used for this purpose within the
following sectors which can relate to critical applications (hence the scope of
consideration):

Road and waterworks

Civil engineering.

Industry

Infrastructure (rail, roads)

Construction management.

Scientific research of degradation mechanisms in structures.

Authors: Geert Henk Wijnants; John Marines Page 2 4/17/2023
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The applicability of the checklist and the work instruction has been determined by
applying the underlying philosophy in the design of several monitoring systems..

The intended user(s) of the checklist and associated work instruction are:

e Asset owners; this allows the quality of the monitoring design to be tested.

o Designers of a monitoring task ; the list enables the realization of a complete design.

Relevance of the research for society.
The substantiated application of CBM concepts is important for society on the following

points:
e It leads to an increase in the effectiveness of existing and future monitoring
programmes

e |t leads to efficiency gains or a higher efficiency of monitoring tasks that are required
to achieve a set goal.

e It leads to increased insight for stakeholders into the relationship between the set
goal and the required resulting approach. In other words, it aligns the expectation
with the explicit monitoring objectives and thus increases the perceived quality of the
monitoring process .

In summary: within projects it leads to an improvement in the alignment of monitoring

tasks as part of the total number of actions .

Authors: Geert Henk Wijnants; John Marines Page 3 4/17/2023
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1 Introduction

In the study ' Monitoring Philosophy HerMes ' a line of thought has been developed with
which monitoring can be approached in a rational way. Various case studies were carried
out within the project, in which the practical consequences of the chosen approach were
examined. On the basis of existing needs from practice, which emerged in the evaluations, a
start has been made for a checklist, which a future user of the philosophy can take as a base
for design when developing a monitoring project and with which a detailed monitoring project
can be checked/tested for completeness. The attention is primarily focused onto monitoring
in order to ensure the correct performance of a construction/installation and on monitoring in
order to guarantee the lifespan of a construction/installation.

The monitoring philosophy has currently (year 2023) been successfully applied for about 25
years. That is the main reason why this work instruction largely uses and supplements that
concept. The principle of the risk graph from IEC 61508 has been used worldwide for critical
systems for 35 years. The broad acceptance of this principle means that this method is
eminently suitable for use in the context of CBM as a guideline for the required depth related
to the applications for which it is to be used.

1.1 Global format

A monitoring project can be divided into the following phases:

—  (pre-)study for the design

— design of the monitoring system

— evaluation of the monitoring system
— construction of the monitoring system
— functioning of the monitoring system

This report only elaborates on the first three phases. The activities to be performed are
numbered.

The functioning of the monitoring system consists of various components, which can occur
partly synchronously in time and partly sequentially in time. The following components have
been identified: managing (maintaining) the monitoring system , reading the data,
interpreting (processing) the readings and taking the necessary actions based on these
interpretations.

For background information, reference is made to the various reports, where possible with
paragraph number from the report.
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2 Preliminary study for the design

2.1 Effects of the project. Risk inventory.

Based on a clearly recognizable method for risk assessment, the risks that are present when

no monitoring is applied are determined. Use a globally accepted assessment method such

as laid down in IEC 61508. The company's own risk method can be used if it increases

recognisability. The following risk types are decisive:

2.1.1 The health effects on individuals (to be characterized in terms of the costs as
recognized in insurance terms)

2.1.2 The effects on the environment (characterized in terms of the cost of environmental
restoration)

2.1.3 The risks due to system failure for production or users who depend on the function.

The risk assessment forms a separate step in the initiation of a monitoring project , as it

forms the basis for subsequent assessments in the context of the project.

Based on the risk assessment, it is determined whether there is a need to apply measures

other than monitoring. This check is necessary to define the influence limits of monitoring.

3 Definition of the preliminary project.

3.1 Objective of the project

3.1.1 Determine the objective and impetus of the monitoring project .

State the reason and the background for which the monitoring plan must be developed.
Options are the operational (management or quality assurance), legal and scientific
background [Wijnants, 2001]. The client usually has specific ideas or requirements about
this.

In the following, the term 'project' refers to the ' monitoring project .

3.2 Demarcation of the project

The project is defined in space and time to control the scope of the activity. To this end, it is

necessary to determine the following elements:

3.2.1 The objects that belong to the project

3.2.2 The influencing factors that are important in connection with the stated objective
during the monitoring of the objects that are part of the monitoring project

3.2.3 The duration of the project offers sufficient certainty with regard to the stated
objective to be able to take the intended decisions.

3.2.4 The intended budget enables the intended goals to be achieved.

With regard to the available budget, it should be realized that a (one-off) budget is required

for the design and construction of the monitoring system and a (usually multi-year) budget

for the functioning of the monitoring system .

Prior to the actual design, the availability of the next required information must be

determined:
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3.2.5 The design requirements that apply to the project result

3.2.6 The standards and regulations that apply (both for the construction to be monitored
and for the monitoring system itself). These are important because both the work
process to be applied and interpretations of the end result are influenced by it.

3.2.7 The calculation models that apply

3.2.8 The values of the model parameters used (at least material parameters and loads)

3.2.9 The variations in these parameters that can be expected. To ensure that possible
variation in influencing factors cannot ultimately render the intended result useless, it
is to be determined here that the influence of that variation on the result is
acceptable.

The following aspects are specific components that are addressed in the above points in the

case of construction projects :

¢ The implementation method for the project (for new construction projects)

e The results of research carried out with regard to the location where the structure to be
monitored is located (for instance soil investigation when appropriate)

e The design drawings of the structure/installation to be monitored

Monitoring makes it possible to effectively prosecute certain mechanisms; there may also be
mechanisms present (often abrupt events that are considered “non-normative” as a result of
2.3.3) that cannot be effectively followed up by monitoring. By explicitly determining which
demand is being met, the scope of the monitoring system is effectively defined.

In order to be able to track the monitoring effectiveness, it is necessary to indicate which
guestions explicitly do NOT belong to the monitoring.

With regard to the available budget, it should be realized that a (one-off) budget is required
for the design and construction of the monitoring system and a (usually multi-year) budget
for the functioning of the monitoring system .

3.3 Determination of normative failure mechanisms

3.3.1 All possible failure mechanisms must be determined
3.3.2 The probability (or risk) of each failure mechanism must be determined (globally).
3.3.3 The decisive / normative failure mechanisms are determined.

A structure or a process can be in an acceptable or unacceptable condition. We call the
separation between these two states a limit state [de Wit, 2000]. A failure mechanism is a
process by which a structure or a process reaches the limit state from an acceptable state
under the influence of a combination of (external) influences.

Critical failure mechanisms are the failure mechanisms with the greatest probability (or risk).
Only these normative failure mechanisms are considered in the design of the monitoring
system .

For limit states associated with failure, chance seems to be the appropriate variable, for limit
states associated with functioning, risk seems to be the appropriate variable.
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3.4 Determining which questions must be answered by monitoring

The monitoring questions are to be written down in explicite terms:

3.4.1 The monitoring questions must be elaborated into explicit questions. These questions
must be directly correlated to the normative failure mechanisms. All normative failure
mechanisms must be covered by a monitoring question .

This establishes in concrete terms that the monitoring questions posed can be
achieved with the use of measuring instruments.

Monitoring makes it possible to effectively track certain mechanisms; there may also be

mechanisms present (often abrupt events that are considered “non-normative” as a result of

2.5.1) that cannot be effectively followed up by monitoring. By explicitly determining which

demand is being met, the scope of the monitoring system is effectively defined.

It can be indicated which questions explicitly do not belong to the monitoring.

3.5 Determine the monitoring strategy

3.5.1 Select possible monitoring strategies that are effectively applicable in the situation.

3.5.2 For each strategy, determine the total cost of monitoring broken down into
design/build and management costs

3.5.3 For each strategy, determine the benefits related to the reduction of risk

3.5.4 Choose the most attractive strategy

A monitoring strategy indicates at the global level
- what is being monitored

- why monitoring is being applied

- where it is monitored

- when monitoring will take place

- how it is monitored

The benefits may lie in the reduction of the risk of loss of money, time, quality or image. This
is a decision problem elaborated in [ Ref. 5].
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4  Design of the monitoring system

The chosen monitoring strategy is elaborated in this chapter .

4.1 The parameters to monitor

4.1.1 define the parameters to be monitored.

4.1.2 The preliminary design specifies the "what, where, when" of the parameters to be
measured; at this point it is to be eleborated whether, with the monitoring results to
be obtained, actions can be taken in time to achieve the intended goal in accordance
with the monitoring strategy .

4.1.3 indicate which monitoring question(s) is(are) answered by each parameter.
Answering this question determines the extent to which parameters are present that
do not influence a monitoring question in any way; if there is no such influence, it is
inefficient to include this parameter in the monitoring plan.

Demonstrate that the set of selected parameters is complete (can answer all
monitoring questions).

This “completeness question” ensures that certain parameters have not been forgotten that

could hinder the goal to be achieved.

4.2 The order of magnitude of the variations

4.2.1 determine the range of each parameter to be monitored.
This range is determined by the levels that have been defined to characterize the
situations relevant to the monitoring objective.
4.2.2 determine the required accuracy of each parameter to be monitored.
By treating this point of reference, it is determined whether the accuracy of the final
registration of the parameter to be monitored is suitable in order to be able to signal the
necessary changes. This guestion concerns the system accuracy of which the measuring
unit is only a part.

Take into account the situation that is relevant in the decision-making process.

4.3 Additional measures

4.3.1 indicate for each failure mechanism which parameter value(s) will be exceeded in
order to initiate intervention

4.3.2 indicate which intervention measure must be implemented
It is requested to explicitly work out and record the necessary measures in order to
ensure that nothing has been overlooked.

4.3.3 indicate that this intervention measure is feasible.
The question is whether the explicit measure is actually feasible. This is to avoid that
the necessary time or information or persons are missing at the moment that action
needs to be taken.

4.3.4 indicates who is responsible for implementation.

The question is whether the required follow-up actions are related to a person who is

ultimately responsible in order to prevent an action from escaping attention due to group

responsibility .
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4.4 Location of the sensors

4.4.1 determine the locations of the sensors

In this step it is necessary to carry out the determination on the basis of reliability analyses
for all normative failure mechanisms. This ensures that the location where the parameter to
be monitored is registered has sufficient sensitivity for the relevant failure mechanism.

4.5 Specific purpose of each sensor

45.1 state the specific purpose of each instrument

These goals are directly related to the normative failure mechanisms
Instruments without purpose must be removed.

One tool/instrument can serve several purposes.

4.5.2 check whether every normative failure mechanism is monitored

With instruments that serve many purposes and instruments that are essential for monitoring
a normative failure mechanism, it is necessary to consider whether one instrument will
suffice.

4.6 Environmental influences

4.6.1 select relevant environmental influences

This step determines whether relevant disruptions have been considered and whether their
influence has been ruled out by a targeted measure.

4.6.2 indicate for which mechanism each relevant environmental influence is important
At this point, consideration is given to whether the consequences of the occurrence of a
relevant environmental factor for the ultimate monitoring result are known.

4.6.3 indicate how the check on environmental influences will be included in the monitoring
At this point it can be determined whether the relevant environmental factors have been
explicitly incorporated within the monitoring programme . By doing so, the time plan of the
monitoring and the time plan of the environmental impact are explicitly linked.

At point number 3, visual observations or general observations (for instance tidal graphs of
the authorities) may suffice. If measuring instruments are necessary, these can be included
according to the above strategy.

4.7 Planning functioning monitoring system

4.7.1 schedule the readings (frequency, accuracy according to paragraph 4.2)

4.7.2 schedule the processing of the readings.

This ensures that the necessary processing for follow-up actions is explicitly worked out.
This is to ensure that up to the level of capacity planning has been worked out to exclude
capacity shortages.

4.7.3 plan follow-up actions

This action ensures that there is also room in the planning for any follow-up actions to be
able to fill them in.

This concerns a global planning that is necessary for the global cost estimate
see also DelftCluster report 01.01.07-05 par. 3.7
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4.8 Instrumentation

4.8.1 select the necessary instruments

This action is aimed at establishing that instruments have been selected on the basis of
guality and reliability requirements. This is to prevent selection on a function only.

It should be noted that instruments that have the same specific purpose (see also section
4.5.1) are possible if the purpose of the double execution is well defined. It can be imagined
that the failure or malfunction of an instrument that records essential data renders the
complete monitoring useless. That risk must be reasonably covered.

4.8.2 prepare specifications for all instruments.

This action is aimed at establishing that requirements with regard to instrument performance
(accuracy, reliability, possibly maintainability) are explicitly laid down.

4.8.3 prepare an installation plan for all instruments

This concerns a global planning that is necessary for the global cost estimate

Measuring range and measurement accuracy follow from section 4.2, measurement duration
and frequency from sections 2.1and 4.7.

The installation plan should include step-by-step installation.

See also Ref. 7( DelftCluster report) , par. 3.11, 3.12 and 3.14.

4.9 Planning maintenance of monitoring system

4.9.1 establish procedures to determine the correct functioning of the instruments
4.9.2 schedule regular calibration and maintenance

This concerns a global planning that is necessary for the global cost estimate.

These activities are necessary in order to obtain reliable readings at all times. The need for
this is of course also related to the response time after exceeding a limit value and the
associated risk.

See also Ref. 7, par. 3.8 and 3.9

4.10 Allocation of tasks and responsibilities

4.10.1 indicate who is responsible for the readings
4.10.2 indicate who is responsible for processing the readings
4.10.3 indicate who is responsible for the follow-up actions

See also Ref. 7, par. 3.10

4.11 Provisional budget

4.11.1 Compose a provisional budget for the planned monitoring plan

4.11.2 Compare this budget with the available budget (section 2.1and also 3.5)

In this step, the budget is evaluated in relation to the task-setting monitoring assignment ,
whereby it is necessary that deviations with respect to the set tasks are clearly motivated.

If the costs-estimation and the budget are not in balance, the following actions can be
considered (back to section 2.1)

- critically review the design process

- increase the available budget

- limit the monitoring questions

If the costs-estimation and the budget are in balance, you can continue with chapter 5 Final
design monitoring system.
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4.12 Evaluation of the design

This global evaluation is desirable in order to prevent too much focus on detailed steps,
whereby the total design does not or no longer meets the requirements (possibly developed
through advanced insight).

4.12.1 Does the design meet the requirements: does the monitoring system answer the
monitoring questions?

4.12.2 is the management of the monitoring system such that the system continues to
function

4.12.3 is obtaining the measurement data guaranteed

4.12.4 the follow-up actions following the monitoring result are guaranteed

4.12.5 the budgeted returns (in terms of money, time, quality and image) are achieved

Attention should be paid to the fact that all participants are involved in this evaluation.
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5 Final design monitoring system

In the final design phase, the design is specified in such a way that the design is ready for
implementation. This chapter contains the aspects on which the effective use of the total
monitoring system is evaluated.

5.1 Overview of the deviations

It is unavoidable that there will be deviations between the preliminary design and the final
design. However, these must be documented and justified.

5.1.1 draw up a document in which all deviations between the preliminary design and the
final design are described and justified.

5.2 Final instrumentation plan

Compare section 4.8, but now in final and more detailed form

5.2.1 make one (or more) situation drawing(s) for the monitoring project, in which the
locations of all instruments are recorded

5.2.2 record the specifications of each instrument

5.2.3 record the method of installation

5.3 Final planning functioning monitoring system

Compare section 4.7, but now in final and more detailed form

5.3.1 describe the scheduling of the readings (frequency, accuracy)

5.3.2 describe the planning of the processing of the readings

5.3.3 describe the limit values at which follow-up actions are required and indicate which
follow-up actions must then be taken

Also indicate who is responsible for the follow-up actions and ensure that the person
responsible can and will actually carry this out.

5.4 Final planning maintenance of monitoring system

Compare section 4.8, but now in final and more detailed form

5.4.1 describe the procedures for determining whether the instruments are functioning
correctly
5.4.2 set up the maintenance plan.

Regular calibration of the instruments is included in the maintenance plan.

In the maintenance plan, attention must be paid to possible failure of instruments. The
temporary lack of measurement data can be acceptable as long as the objective of the
project is not jeopardized. For example, regular inspection should prevent long-term
outages. This is part of the maintenance plan.
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5.5 Dismantling

5.5.1 indicate who is responsible for dismantling the system
5.5.2 develop a dismantling plan for this

5.6 Report

5.6.1 Record the designed monitoring plan in a report.

This report contains at least the following chapters:

agrwdPE

Demarcation of the project and relevant environmental influences

Normative failure mechanisms

Monitoring questions

Summary of the monitoring strategy

Instrumentation plan

including the location of the sensors , the purpose of each sensor, measuring range and
accuracy of the sensors, method of installation

Maintenance plan

including the required procedures for the related maintenance activities

Performance plan

including the method of reading, the method of processing and the procedure for follow-
up actions. The responsibilities are also indicated

Decommissioning plan
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