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Use of P-F Curve and Interval

Strategy: Use of P-F Curve & Interval
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Strategy: Use of P-F Curve & Interval

P-F Curve & Interval (Based on ASHRAE life)
Initial capital replacement budget based on ASHRAE life
Equipment condition assessed at appropriate frequency

% in service Potential for failure?

| ASHRAE Rated Life

/ Critical Equipment

Replacement?

Cost of repair
equals value of
replacement

Years

Chart showing replacement at year 15 of all 6 ahus

versus replacement in 6 different years based on risk
and usage.
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Strategy: Use of P-F Curve & Interval
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Reliability
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High

Maintenance Evaluation: Parameters

A

Lost
Productivity

Maintenance
Costs

Repair Costs.

| om'myl

Downtime Costs

Excessive

maintenance

Changes to operating
procedures & strategies
Establishment of capital
maintenance regimes and
plans

Preventive
Maintenance
Cost
» High
Low Maintenance Level
Reliability Centered Maintenance (RCM)
“A process to establish the
safe minimum levels of
maintenance”  jonn Moubray
High
Used to achieve s
B Optimal
improvements in fields such Floicay
as: Mai Downtime Costs
i aintenance
Establishment of safe Costs
minimum levels of e
Repair Costs. xcessive

Preventive
Maintenance
Cost

Maintenance Level

High
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/A

John Moubray’s Book

Reliability-centered maintenance is a process used to
determine - systematically and scientifically - what must be
done to ensure that physical assets continue to do what
their users want them to do. Widely recognized by
maintenance professionals as the most cost-effective way
to develop world-class maintenance strategies, RCM leads
to rapid, sustained and substantial improvements in plant
availability and reliability, product quality, safety and
environmental integrity. The author and his associates have
helped users apply RCM and its more modern derivative,
RCM2, on more than 700 sites in 34 countries. These sites
include all types of manufacturing (especially automobile,
steel, paper, petrochemical, pharmaceutical, and food
manufacturing), utilities (water, gas, and electricity), armed
forces, building services, mining, telecommunications, and
transport. This book summarizes this experience in the
form of an authoritative and practical description of what
RCM2 is and how it should be applied. This book will be of
value to maintenance managers, and to anyone else
concerned with the reliability, productivity, safety, and
environmental integrity of physical assets. Its
straightforward, plant-based approach makes the book
especially well suited to use in centers of higher education.

/A

Reliability Centered Maintenance (RCM)
SAE JA1011, Evaluation Criteria for RCM Processes

» which sets out the minimum criteria that any process should meet

before it can be called RCM
Seven questions:

> What is the item supposed to do and its associated
performance standards?

> In what ways can it fail to provide the required functions?

> What are the events that cause each failure?

> What happens when each failure occurs?

> In what way does each failure matter?

> What systematic task can be performed proactively to prevent,
or to diminish to a satisfactory degree, the consequences of the
failure?

> What must be done if a suitable preventive task cannot be
found?
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Reliability Centered Maintenance (RCM)

3 Principal Risks:
to safety,
to operations, and
to the maintenance budget
5 Principal options among risk
management strategies:
Predictive maintenance tasks,
Preventive Restoration or Preventive
Replacement maintenance tasks,
Detective maintenance tasks,
Run-to-Failure, and
One-time changes to the "system" (changes
to hardware design, to operations, or to
other things).

Criticality Analysis
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impact

Mission impact

Customer impact

Criticality Analysis: Why is it important?

Gathering input from operations, maintenance, engineering,

materials management and EH&S representatives can replace
individual perceptions of criticality with agreement and better
understanding.

Examples of analysis characteristics for assets:

Spares lead-time
Asset replacement value

Environmental, Health, and Safety Planned utilization rate

Ability to isolate/recover from Preventive Maintenance (PM)
single-point-failures

history

Mean-Time-Between-Failures Corrective Maintenance (CM)
(MTBF) or “Reliability”

history

Criticality Analysis: Healthcare example

Operatio p Operational/Repair Cost

Criteria Rank Criteria Rank Criteria Rank
Potentalloss of [Federal Finding Buiding down or Major |Loss of or no existing >5100,000
equipment could resut in Function not avaiable for [redundancy
geath 10 >5 Days 10 10
Fotental loss of imb, __[State Finding Criical funcion down or_[Spares and expertise n 550,000 10 $100,000
extremety or long term Major Function not area, but not owned or
isabity 8 avaiable 1-5 Days avaiable on ste s 8
[Potental for oss e at _|Local (AH.), EPA Fines Unt down or Major Spares and expertise 510,000 10 543,998
work, short term Function down 1224 [owned and avaiable on
disabity, professional Hours ste

6 6 6
required at Emergency
[Room o Urgent Care.
cinic.
Potental for OSHA [Report Inside CLENT or Fioor down or Major [ Installed non-operational 52500 10.59,999
recordable, professional [CBRE Function down 812 [system avaiable. Must
medical assistance 4 Hours be manualy put on ine. 4 4
required by Primary Care
Physician
Band AK, in house basic_|Report inside Department Room(s) down or Wajor | Instaled and running or <5500
frst aid Function 2.8 Hours automaticaly put on ine

2 2 2
o effect o Effect o Wajor Funcion lost or_[No effect o effect

<2 Hours down
1 1 1
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Reliability Excellence

Reliability Excellence for Critical Systems

Maintenance recognized as a contributing resource

Active participation from all employees, including top level
leadership

Organizational culture embracing responsibility and continuous
improvement

Cooperation between maintenance, operations, and
management

Proactive application of total asset life cycle management
practices

Educated, trained, flexible workforce

Ralph Tileston, Life Cycle Engineering
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Reliability KPIs: (MTBF)

Mean time between failures (MTBF) describes the
expected time between two failures for a repairable

system.
For example, three identical systems starting to function properly at
time 0 are working until all of them fail. The first system failed at 100
hours, the second failed at 120 hours and the third failed at 130 hours.
The MTBF of the system is the average of the three failure times,
which is 116.667 hours.

up time (after repair) down time (unplanned)

| |
=] L

Down —> . . .
off one failure one failure one failure

Time Between Failures = { down time - up time}

Reliability KPIs: (OEE)

Overall Equipment Effectiveness (OEE) encompasses
availability, performance, and quality, and when used
correctly is removing waste.

3 factors:
A -> Availability = (MTBF-MTTR)/MTBF
PE -> Performance Efficiency = RE x SE
Q -> Refers to quality rate. Which is % of good parts out of total
produced

MTTR : Mean time to repair

Rate efficiency (RE) : Actual average cycle time is slower than design cycle time
because of jams, etc. Output is reduced because of jams

Speed efficiency (SE) : Actual cycle time is slower than design cycle time
machine output is reduced because it is running at reduced speed

Copyright 2019 FM College, Inc. 11
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Reliability KPIs: (FCI)

Facility Condition Index (FCI) is used in facilities
management to provide a benchmark to compare the
relative condition of a group of facilities.
3 cost factors:

DM -> Deferred Maintenance cost

CR -> Capital Renewal cost (renovation cost)

CRV -> Current Replacement Value

Case Study 1:

International Journal of Scientific World, 5 2) (2017) 110-116
8 International Journal of Scientific World 4"‘ >
Website: www.sciencepubceo.comfindex. php/IISW g
doi: 10.14419%jsw.v5i2.3109
SPC e —

A study on the reliability and performance of solar powered
street lighting systems

Adebayo A. Fashina 1.2 #, Salifu T. Azeko *4, Joseph Asare!.5, Chukwuemeka J. Ani, Vitalis C. Anye®¢, Egidius
R. Rwenyagila *’, Bruno Dandoghessi !, Omotoba Oladele ¢, Murna Dyeris *

! Department of Theoretical and Applied Physics, Aftican University of Science and Technology, PMB 681, Garki, Abuja, Nigeria
2 Department of Physical Sciences, Kampala Fternational University, P.O. Box 20000, Kampala, Uganda
Science and Eng Afican University of Science and Technology, PMB 681, Garki, Abuja, Nigeria
4 Dopartment of Mechanical Engineering, Tamale Technical Universiy, P.O. Box 3 /R, Tamale, Ghana
3 Department of Physics, Baze University, Flot 636, Cadastral Zone C00, Abuja, Nigeria
8 Department of Rectrical/Blectronics, Nile University of Nigeria, Plot 631, Cadastral Zone C, Abuja, Nigeria

3 Doy

7 Department of Physics, University of Dar es Salam, P. O. Box 35091, Dar es Salaam, Tanzania
#Operations Office, Aftican University of Science and Techology, PME 681, Garla, Abuja, Nigeria LJ
9 Natural Science Department, Bugema University, P. O. Box 6529, Keampala, Uganda Adobe Acrobat
*Corvesponding authar E-mail: fashina adebay o@n ac.ug Document
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Case Study 2:

Engineering, 2010, 2, 863-873 3% Scientific
doi: 10.4236/eng. 2010.211109 Published O; 2010 (http:/# cinp. 1 *%%* Research

Reliability-Centered Maintenance Methodology and
Application: A Case Study

Islam H. Afefy
Industrial D , Faculty of Eng. Fayoum University, Al Fayyum, Egypt
E-mail: Islamhelaly@yahoo.com
Received September 15, 2010, revised September 27, 2010; accepted October 19, 2010

o)
Adobe Acrobat
Document

Case Study 3:

PM Improvements at Toyota Lift Truck Plant

Paul V. Arnold, Noria Corporation

Tags: preventive maintenance, lubrication programs, lubricant storage and
handling, Case Studies, maintenance and reliability

Georgetown, Ky., is synonymous with Toyota. Each year, manufacturing leaders
from across the country — and across industry sectors — make a pilgrimage to this
21,000-resident town to tour the car plant and learn lean principles, efficiency and
asset care from the masters.

Considerably fewer plant professionals know that an equally educational Toyota
experience exists in the southern Indiana city of Columbus (population 36,000).
Toyota Industrial Equipment Manufacturing, or TIEM, may be the best-kept secret
in Columbus ... and perhaps all of industry.

Adobe Acrobat
Document
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o A

TJC Requirements to Modify Maintenance

/A

Alternative Equipment Maintenance (AEM)

» Strategies of an AEM must not

= reduce the safety of equipment

Maintenance Management > Based on accepted standards of
for Health Care Facilities practice

~ Equipment with activities based on
OEM must have 100% completion
rates

» AEM scheduled frequencies for both
high-risk and non-high-risk equipment
must have 100% completion based
on the Hospital's AEM program
frequencies

» Written AEM Program with policy
justification

» Good reference!

Copyright 2019 FM College, Inc. 14
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OEM Maintenance Standards Required

Equipment subject to federal or state law or Medicare
Conditions of Participation in which inspecting, testing,
and maintaining must be in accordance with the
manufacturers’ recommendations, or otherwise
establishes more stringent maintenance requirements

Medical laser devices

Imaging and radiologic equipment (whether used for
diagnostic or therapeutic purposes)

New medical equipment with insufficient maintenance
history to support the use of alternative maintenance
strategies

Source: The Joint Ct C Manual for Hospitals Effective January 1,
2019

“Generally accepted Standards”: Example

Generally Accepted Standards of Practice used by in its AEM
Program take into account the following publications by nationally
recognized organizations/expert associations in establishing AEM
activities and frequencies.
American Society for Healthcare Engineering (ASHE) 2009 document:
Maintenance Management for Health Care Facilities
ANSI/NETA Standard for Maintenance Testing Specifications for
Electrical Power Equipment and Systems

NFPA 70B, Recommended Practice for Electrical Equipment Maintenance

NFPA Standards such as NFPA 17A (standard for wet chemical
extinguishing systems); NFPA 99 (standard for health care facilities);

NFPA 99C (standard on gas and vacuum systems); NFPA 110 (standard

for emergency and standby power systems).

ANSI/ASHRAE/ACCA Standard 180-2008, Standard Practice for
Inspection and Maintenance of Commercial Building HVAC Systems;
including Addendum a dated 2012

Copyright 2019 FM College, Inc. 15
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Process for establishing AEM Program

Gather Assessment Documentation AEM
Information Program
| &
5 (
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Location . Strategy < AEM? + Review
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Microsoft Excel Source: UCSD Medical Center, University of California San Diego Health System
97-2003 Worksheet
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Example process for establishing AEM Program

NFPA 99.2012 Risk Assessment Tool )
(ASHE

Source: American Society for Healthcare Engineering - ASHE.org

Example process for establishing AEM Program

.
together X ;
Disaster Planning for California Hospitals. g '

Key Action:

Impacts

Tl b =
]
+ May need to unlock Pyxisimedication delivery | Pharmacy

+_Pagers

Source: California Hospital
Association
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SUBJECT/TITLE:

PURPOS]

Utilities AEM Policy - Example

ALTERNATE EQUIPMENT MANAGEMENT (AEM) PROGRAM

In accordance with CMS/TIC regulations, UIHC has established an

Altemate Equipment Maintenance (AEM) program for selected utlity

y use other
for inspections / testing / maintenance (ITM).

Utilty systems are defined by TIC as building systems that provide
support of care, including electrical

emergency power; vertical and horizontal transport; heating, ventilating,
and air conditioning (HVAC): refrigeration: plumbing and mechanical
systems including piped gases and vacuum systems.

High-risk utility system operating components — As stated within the

Utility Management Plan, high-risk utility system operating components
(equivalent to the CMS term Critical Components) are any devices or
companents of building utility systems for which there is a risk of serious
injury or death to a patient or staff member if the device or component
fails. High-risk equipment includes but is not limited to life support
equipment, However it applies more broadly. encompassing other items
that are technically not necessary to support lfe but that would put the
patient or staff member at risk of serious injury or death if they fail. All
high-risk operating components are so designated on the utilty
inventories.

Generally Accepted Standards of Practice ~ Generally Accepted
Standards of Practice used by UIHC in its AEM Program take into
account the following publications by nationally recognized
organizations/expert associations i establishing AEM activities and
frequencies.

American Society for Healthcare Engineering (ASHE) 2009
document: Maintenance Management for Health Care Facilities
(hereinafter called the ASHE Book)

ANSUNETA (InterNational Electrical Testing Association)
Standard for Maintenance Testing Specifications for Electrical
Power Equipment and Systems

NFPA 70B, Recommended Practice for Electrical Equipment
Maintenance

NFPA Standards such as NFPA 17A (standard for wet chemical

Source: University of lowa Healthcare

ights Reserved

/A

MODULE 04-C

MAINTENANCE MANAGEMENT

Copyright 2019 FM College, Inc.
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Overview

HVAC and refrigeration

systems and equipment.
Management of
refrigerants

Steam and hot water

generation systems.

Medical gas and vacuum

systems.

Electrical distribution

systems.

Emergency power supply

systems.

Emergency energy
systems

Possess an understanding of the operation
and maintenance of:

Fire protection systems.

fire alarm, fire
suppression, and life
safety protection
systems.

« Sprinkler Systems

Sprinkler head
selection

Inspection

Fire Suppression
systems

Fire Detection systems

Copyright 2019 FM College, Inc.

19




Healthcare Facilities Management ~ Student Workbook

Possess an understanding of the operation
and maintenance of:

Water and sanitary Medical equipment.
systems. Biomedical equipment
Water Heating technicians
Systems Building envelope
Water Hardness systems (e.g., roof,
Upfeed and Downfeed windows, exterior walls).
water distribution Roof maintenance
systems .
Exterior walls and
Water supply

h facade features
maintenance problems

Safety and security
systems.

Windows and doors
Grounds maintenance

Coordinate a maintenance management program

For:
Buildings
ASHRAE recommendations for ventilation
Air filtration
Sick Building Syndrome y ~
Equipment |

Identify
Work

+ Maintenance Manual

Plan Work
Operations Manual

Sequences of operation
srea Complete Execute
Utilities ‘ Work Work |
Grounds A 4

Schedule
Work

Copyright 2019 FM College, Inc. 20
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Coordinate a maintenance management program

Maintenance and Repair
Maintenance history and machine history
Repair costs

Condition assessment
Blueprints (updating, etc.)

Corrective Maintenance

Copyright 2019 FM College, Inc. 21
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/A

Types of Breakdown Maintenance

Breakdown

Maintenance

Unplanned Planned
. . Run to
Reactive Corrective failure

/A

Corrective Maintenance: Definition

Corrective maintenance is a maintenance task performed to
identify, isolate, and rectify a fault so that the failed equipment,
machine, or system can be restored to an operational condition
within the tolerances or limits established for in-service
operations.

PM s performed || Issue is detected = Yes»- Fix onsite

No
Y

Create
work order
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Preventative Maintenance

OEM Maintenance
Time-Based EXEZN 53025 130 Goiler, Steam, Oil/Gas/Comb.

Corrective

Description Labordys. [ Wateid | Lbor | Equp | Total | inHouwse | wiOsP
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/A

AEM Maintenance

Time-Based
Condition-Based
Predictive

RCM

» Total Productive
Maintenance

»~ Criticality / Risk
» FMEA
> Root Cause Analysis (RCA

100% Completed!

4 A

Program
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/AN

Administer and direct all preventive
maintenance programs

Identify Work Plan Work Schedule Work

Work 5
Identification Materials and
Job Planning Resource
Procurement
Work Screening ;2;::; Backlog
Management

Execute Work Standing Work
Rt Order
Management

Complete Work
Scheduling
Breakdown
Work
Management

Analyse &
Improve

Forward Work

History Projection
Recording &
Work Order
Completion

Work Execution

2019 FM College, Inc., All Rights Reserved

/A

Develop preventive maintenance strategies
and programs

» Buildings

» Equipment

é
\\?fs

I— Air Handling Unit %J"

o,
— AHU Pump el .
L 0/)&.
(M Ficctric Harness |

© 2019 FM College, Inc, All Rights Reserved
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/A

Schedule predictive and reactive work

To various trade personnel and outside contractors:
» Engineering technician
» Carpenter
» Electrician
» General maintenance
~ Painter
» Plumber
» And others

Schedule predictive and reactive work

» Outsourcing maintenance
activities

» Maintenance and repair
staffing

» Problem resolution with
vendors

Copyright 2019 FM College, Inc. 26
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/A

Manage building maintenance repair parts
and supplies |nventory

Evaluate results of all maintenance and
testing activities

= WebVieWaus

T B -

Exceptons by Ssiem
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Resolve equipment performance problems
and recalls with vendors

Recall registry with product/equipment suppliers

Accurate inventory of installed equipment, make, model, etc.
Recall log/data file system

Contact information, etc.

Warranty data

Vendor notification for obsolescence

Parts inventory updated as well

Vendor management and relationships

Established process for equipment/performance/recall
management

Staff & Vendor Training

Copyright 2019 FM College, Inc. 28
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Develop and Manage a Staff Training Program

Establish Job Safety Task Analysis program (JTA)
New equipment and installation training

Video record if possible,

Documentation/manuals

Establish refresher training cycle

New employee program

Completion/pass records
New Construction — as above as well

Whenever a new employee/contractor is directed to
perform a task for the 1sttime, JTA must occur.

Program and individual employee records documented

Staff Skills Improvement Programs

On-line training resources for at least basic skills

Scheduled training/instruction for license/certification
maintenance/upgrades

Employee development program individualized for each
employee

Documentation records
Annual review

Copyright 2019 FM College, Inc.
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Employee Advancement Program

Support for:
Licenses
Degrees
Corporate leadership
Industry certifications
Etc.

Documentation Management

Copyright 2019 FM College, Inc. 30
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/A

Regulation/Standards Records (TJC/JCI/AHJ)

Inspections/records/actions

ay

Eanaéuu =
i
HAZARD Ohcigg "
MATERIA

Safety/Health Records (OSHA, etc.)

UNITED STATES
DEPARTMENT OF LABOR

OSHA MENU

By Standard Number
1904.39 - Reporting fatalities, hospitalizations, amputations, and losses of an eye as a result of work-related
incidents to OSHA.

- Part Number: 1904

= Part Number Title: Recording and Reporting Occupational Injuries and liness

« Subpart: 1904 Subpart £

- Subpart Title: Reporting Fataity, Injury and liness Information to the Goverment

« Standard Number: 1904.39

- Title: Reporting fataliies, hospitalizations, amputations, and losses of an eye as a result of
work-related incidents to OSHA.

+ GPO Source: eCFR

1904.39(a)

Basic requirement.

1904.39(a)(1)
Within eight (8) hours after the death of any employee as a result of a work-related incident, you must report
the fatallty to the Occupational Safety and Health Administration (OSHA), U.S. Department of Labor.

Copyright 2019 FM College, Inc. 31
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Maintain updated CAD drawings for
healthcare facilities

J

=% J)JUL '

Are you seeing a true picture of your healthcare
facilities?

Find clarity in your facility data to mitigate risk, optimize resources, and improve patient
satisfaction.

&

Gain insights into key business functions...

s v P
o, & B @
Facility pliance & Planning Design&  Decision Finance &

Compliance& ~ Planning n
Construction

acili
Management

/A

Testing & Balancing (TAB) & Sequence of
Operations Records (SO0) records/updates

[

4RSA £
Air Balance Summary

T | e[| o [ o e

32
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OEM Manuals

1 g UNVERSITY
MECHANICAL
CONTRACTORS, INC

Operation and Maintenance Literature
G Puyallp

Section 13

Energy Recovery Units

Policy Management
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Manage departmental policies, procedures, goals,
objectives, and standards of work performance

For the operation, maintenance and repair of:
Medical equipment
Buildings
Building systems

Manage departmental policies, procedures, goals,
objectives, and standards of work performance

Policy ‘

(]

- Operational Policy
GroupHealth

POLICY

Copyright 2019 FM College, Inc. 34
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Manage departmental policies, procedures, goals,
objectives, and standards of work performance

Implementation / Rules

Relevant
standards and
codes are usually
referenced in this
document as well
as procedures,
etc.

Note: Guidelines for “unique” issues may also be provided/ as a third level document

THANK YOU
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