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NO STROLLERS

ON THE ESCALATOR.
PLEASE USE THE ELEVATORS.

A

USE CAUTION

e NO ROUGH HOUSING
e CHECK YOUR SHOE LACES
o BE MINDFUL OF OTHER ESCALATOR

PASSENGERS.




- Windows 10

Your device needs the latest security updates

Microsoft can't install important security updates on your PC until you install the most current
version of Windows 10

To ensure things go smoothiy.

« Knep your PC plugged in
« Don't turn your PC off or close i,

We'te doing our work behind the scenes. Feel free (0 keep woring, and we'll let you knovw when everything

s done.

Learn More
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Credit(s) earned on completion of
this course will be reported to
American Institute of Architects
(AlA) Continuing Education Session
(CES) for AIA members.

Certificates of Completion for both
AlA members and non-AIA
members are available upon
request.

This course is registered with AIA
CES for continuing professional
education. As such, it does not
include content that may be
deemed or construed to be an
approval or endorsement by the
AlA of any material of construction
or any method or manner of
handling, using, distributing, or
dealing in any material or product.

Questions to specific materials, methods or services will be addressed at the conclusion of this presentation.
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Course Description

Reliability Centered Maintenance is a strategic approach that
combines various maintenance practices to ensure that
equipment and facilities function optimally over their lifecycle.
This course will cover topics such as preventive, predictive,
and proactive maintenance techniques and delve into the role
of maintenance management in supporting the institutional
mission, increasin? cost-effectiveness, and contributing to
sustainability goals. The course concludes by considering case
studies and best practices that illustrate the application of
RCM principles in a campus setting.
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Learning Objectives

* Philosophy of Reliability Centered
Maintenance

* Discuss Reliability Centered Maintenance in
a Higher Education Setting

* Review Case Studies of RCM in Higher Ed

Continuin
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Have a question or comment?

Feel free to ask or share
during the presentation

This is your session...



We all need to do maintenance - 1.0




We all need to do maintenance — 2.0




Ion

2005 Texas City refinery explos

yammr =

L eyt

iy




2005 Texas City refinery explosion

15 workers killed

170 workers injured

The pressure wave was so powerful it shattered windows off site up to
% miles away

An area estimated at 200,000 square feet was burned

“Technical failings included ... a lack of preventive maintenance on
safety critical systems...”

(Report by Chemical Safety and Hazard Investigation Board)



1997 University of Virginia balcony collapse




1997 University of Virginia balcony collapse




1997 University of Virginia balcony collapse

PRIOR CORROSION THROUGH
ENTIRE ROD DIAMETER

NUT
(- LOCATION OF

FAILURE THAT
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OF FAILED ROD
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FACE BEAM CREATING A WEDGE




What is the cost of a maintenance failure?

e

*

Health & life safety

» Property damage / loss

Compliance

* Reputation

Loss of use (missien) = occupant (customer)
impact

* Increased / additional cost

> Unplanned work / emergencies / crises

* Environmental impacts
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What are the objectives of a preventive maintenance program?

« Reduce frequency of unscheduled breakdowns and
downtime of critical equipment and systems

« Extend service life of equipment

« Reduce energy consumption (sustainability)
« Improve safety

« Compliance

« Improve overall appearance of facilities

« Reduce overall maintenance costs

« Reduce occupant impact

 Liability

« Improve service level



Options for maintenance

Reactive or Demand
Maintenance Preventive Maintenance

(a.k.a. No maintenance just repairs!)

Proactive Maintenance Predictive Maintenance



Reactive/Demand Maintenance

Do not maintain an asset to prevent failure. Instead, run it
to failure and replace/repair it when it fails.

Reactive/demand maintenance forgoes the cost/effort of
routine maintenance on non-critical or low-impact assets

and accepts the cost/impact of asset failure. Also referred
to as run-to-failure (RTF).

For example, this typically involves non-critical or low-
impact assets such as changing a general use light bulb

when it burns out. (NOTE: Can also be effective for redundant
equipment.)



Reactive/Demand Maintenance Pros and Cons

Advantages
e |ow cost.

e |ess staff.

Disadvantages

* |ncreased cost due to unplanned downtime of equipment.
* Increased labor cost, especially if overtime is needed.

e Cost involved with repair or replacement of equipment.

e Possible secondary equipment or process damage from
equipment failure.

e |nefficient use of staff resources.

DoE Operations & Maintenance Best Practices Guide 3.0: https://wwwl1.eere.energy.gov/femp/pdfs/OM_5.pdf



Preventive Maintenance

Maintain an asset to prevent failure, instead of reacting to
it.

Preventive maintenance encourages a planned and
controlled program of time- or cycle-based continuous
inspections and corrective actions taken to ensure peak
efficiency and minimize deterioration.

For example, changing the oil in a motor according to
manufacturer’s recommendations or inspecting belts and
pulleys on a recurring basis.



Preventive Maintenance Pros and Cons

Advantages
* Cost effective in many capital-intensive processes.

* Flexibility allows for the adjustment of maintenance
periodicity.

* Increased component life cycle.

® Energy savings.

* Reduced equipment or process failure.

e Estimated 12% to 18% cost savings over reactive
maintenance program.

Disadvantages

Catastrophic failures still likely to occur.

Labor intensive.

Includes performance of unneeded maintenance.

Potential for incidental damage to components in
conducting unneeded maintenance.

DoE Operations & Maintenance Best Practices Guide 3.0: https://wwwl1.eere.energy.gov/femp/pdfs/OM_5.pdf



Proactive Maintenance

N
N\

MAINTAIN AN ASSET TO PREVENT FAILURE, PROACTIVE MAINTENANCE ENCOURAGES FOR EXAMPLE, THE BUSHINGS ON MACHINE
INSTEAD OF REACTING TO IT. MAINTENANCE OF ASSETS BASED ON X GET REPLACED EVERY Y NUMBER OF DAYS
CUMULATIVE DATA. BECAUSE HISTORICAL DATA SHOWS THEY

EXPIRE AFTER Z AMOUNT OF TIME, ON
AVERAGE.



Predictive Maintenance

Maintain an asset to prevent failure, instead
of reacting to it.

Predictive maintenance encourages
maintenance of assets based on monitoring
conditions.

For example, infrared thermographic studies
and vibration analysis of electric motors to
identify possible problems before they
become serious problems requiring an
unplanned (reactive) work.



Predictive & proactive maintenance techniques
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Predictive/Proactive Maintenance Pros and Cons

Advantages

® Increased component operational life/availability.
e Allows for preemptive corrective actions.

e Decrease in equipment or process downtime.

e Decrease in costs for parts and labor.

e Better product quality.

* Improved worker and environmental safety.

* Improved worker morale.

® Energy savings.

e Estimated 8% to 12% cost savings over preventive
maintenance program.

Disadvantages
* Increased investment in diagnostic equipment.
® Increased investment in staff training.

e Savings potential not readily seen by management.

DoE Operations & Maintenance Best Practices Guide 3.0: https://wwwl1.eere.energy.gov/femp/pdfs/OM_5.pdf



Predictive & proactive maintenance techniques

ClIO JOURNAL

‘Predictive-Maintenance’ Tech Is Taking
Off as Manufacturers Seek More
Efficiency

Pepsi, Colgate and other firms are populating their plants with sensors from Al startup Augury to
‘listen’ for machinery problems. And other up-and-coming ‘machine-health tech’ firms are offering

similar wares




The cost of maintenance

12% - 18%

8% - 12% O

DoE Operations & Maintenance Best Practices Guide 3.0: https.//wwwl.eere.energy.gov/femp/pdfs/OM_5.pdf



How do you prioritize maintenance?

COVEY'S TIME MANAGEMENT MATRIX

Urgent Not Urgent

1 2
3 4

Important

Not Important




How do you prioritize maintenance?

URGENT NOT URGENT
[ ACTIVITIES: I ACTIVITIES:
Crises, pressing Exercise, long-range planning,

problems, deadline-

preparation, preventive

IMPORTANT | driven projects maintenance, relationship
building, personal growth
activities, some leisure

[II ACTIVITIES: IV ACTIVITIES:
NOT Interruptions, some calls, | Trivia, busy work, some mail,
some mail, some reports, | some calls, time wasters,

IMPORTANT .

some meetings

some pleasant activities




APPA’s Maintenance Levels of Service include PM

Level 2 3 4
Comprehensive
Description Stewardship Managed Care Reactive Management

Response to most service needs,
including non-maintenance Services available only by reducing Services available only by reducing
Customer Service & Able to respond to virtually any type activities, is typically in a week or maintenance, with response times maintenance, with response times

Services not available unless
directed from top administration,

Response Time of service, immediate response. less. of one month or less. of one year or less. none provided except emergencies
Accustomed to basic level of
Proud of facilities, have a high level  Satisfied with facilities related facilities care. Generally able to Generally critical of cost,
of trust for the facilities services, usually complimentary of ~ perform mission duties. Lack of responsiveness, and quality of Consistent customer ridicule,
Customer Satisfaction organization. facilities staff. pride in physical environment. facilities services. mistrust of facilities services.
Maintenance 100% 75-100% 50-75% 25-50% <25%
No PM performed due to more
All recommend preventive A well-developed PM program: Reactive maintenance Worn-out systems require staff to pressing problems. Reactive
maintenance (PM) is scheduled most required PM is done at a predominates due to systems be scheduled to react to systems  maintenance is a necessity due to
and performed on time. frequency slightly less than per  failing to perform, especially during that are performing poorly or not at worn-out systems. Good
Emergencies (e.g. storms or power  defined schedule. Occasional harsh seasonal peaks. The high  all. PM work possible consists of ~ emergency response because of
outages) are very infrequent and emergencies caused by pump number of emergencies causes simple tasks and is done skills gained in reacting to frequent
Maintenance Mix are handled efficiently. failures, cooling system failures etc.  reports to upper administration. inconsistently. system failures.
Aesthetics, Interior Like-new finishes. Clean/crisp finishes. Average finishes. Dingy finishes. Neglected finishes.

Somewhat drafty and leaky, rough-
Windows, doors, trim, exterior walls ~ Watertight, good appearance of Minor leaks and blemishes, looking exterior, extra painting
Aesthetics, Exterior are like new. exterior cleaners. average exterior appearance. necessary.

Inoperable windows, leaky
windows, unpainted, cracked
panes, significant air and water
penetration, poor appearance
overall.

Small percentage of lights out,  Numerous lights out, some missing
Aesthetics, Lighting Bright and clean, attractive lighting. Bright and clean, attractive lighting. generally well lit and clean. diffusers, secondary areas dark.

Dark, lots of shadows, bulbs and
diffusers missing, cave-like,
damaged, hardware missing.

Maintenance activities appear to be  Maintenance activities appear

Maintenance activities appear
chaotic and without direction.
Equipment and building

Maintenance activities appear Maintenance activities appear somewhat organized, but remain  somewhat chaotic and are people- components are routinely broken
highly organized and focused. organized with direction. Service people-dependant. Service and dependant. Service and and inoperable. Service and
Service and maintenance calls are and maintenance calls are maintenance calls are variable and maintenance call are typically not maintenance calls are never
Service Efficiency responded to immediately. responded to in a timely manner.  sporadic, without apparent cause.  responded to in a timely manner.  responded to in a timely manner.
Breakdown maintenance Is limited
Breakdown maintenance is rare to system components short of Many systems are unreliable. Many systems are non-functional.
Building Systems' and limited to vandalism and abuse mean time between failures Building and systems components  Constant need for repair. Backlog Repair instituted only for life safety
Reliability repairs. (MTBF). periodically or often fail. of repair needs exceeds resources. issues.
Facility Maintenance
Operating Budget as % of
CRV >4.0 3.5-4.0 3.0-35 2.5-3.0 <25
Campus Average FCI <0.05 0.05-0.15 0.15-0.29 0.30-0.49 >0.50




Does a preventive maintenance program prevent failures?

Is 0% failure ideal?
* |s more maintenance better?

— What is the cost/impact of downtime for maintenance?
— “70% failures are self-induced” ??

s 100% PM completion ideal?

— Code compliance = 100%World class: > 95% PM completi
— Reality: 60% (20-30% properly done)!
— What is your PM completion %?

e |s time-based better?

* |s cycle frequency better?



Fundamentally, a good maintenance program is
an exercise in risk management

e Understand the risks

— ldentify risks
* Failure Modes & Effects Analysis (FMEA)

— Probability of risk

* Risk management balances:
— Cost of failure / How much failure can you afford?

— Cost of maintenance / How much maintenance can
you afford?

* Most likely, varies across your portfolio



Reliability Centered Maintenance

Reactive or Demand
Maintenance Preventive Maintenance

(a.k.a. No maintenance just repairs!)

Proactive Maintenance Predictive Maintenance



Reliability Centered Maintenance

<10% 25-35%

45-55%




Case study: Culture change

“The best service is no
service.

UVA McCormick Rd. Zone



Air filter’s impact on customer service — not just a bunch of hot air!




Case study: Staffing/Resourcing

The impact of planning work at
UVA P P g



Meet the Coordinators:

Mike Jessee — North Grounds
Eric Luedeking — West Grounds
Jerry Schwartz — Newcomb
Paige Herndon — Fire & Life Safety
John Quinn = Central Grounds

Jason Falls - McCormick




The Maintenance Coordinator Initiative

Improve ‘wrench time’ through planning & scheduling:

AiM/Maximo Work Order Dashboard

Shop [192 20220 NORTH GROUNDS ZONE H | WO Type: All l:l Bldg: All l:l Status: IN PROGRESS l:l Assi To[ALL  ~] CDEmail z E -

MBMZH/AIMProd/250 Work Orders || I Assigned to multiple employ

Phase Description Building Rm |Type/Category Status i | Est Start = Est End  Assigned To ActHr
2774465001 | Exhaust fan (east exterior wall of maint FAULKNER HOUSE | M049 [ MAINJ/REACT | IN PROG| C- |7/2/2018 | 7/30/2018 2.00
2766934-002 | Water still leaking. Please check. Mill FAULKNER HOUSE MAINREACT |[INPROG| C- |7/22018 |7/30/2018|[ || 2450|| Comp|
2774281-002 | Baily Art Storage- High Temp Alarm_Chec o MAINREACT | INPROG | C- | 6/30/2018 | 7/28/2018 |[>Jeffrey Fravel ~]| 4.00 ([ Comp|
2774271-002 | UPS RM 203 IS IN HIGH TEMP ALARM @ 79.0F | CARRUTHERS HALL MAINREACT |INPROG | A- |6/30/2018| 7/1/2018 |[>Jeffrey Fravel || 2.00([ Comp|
2774035-001 | Office room 067 has no air flow/occupant TJAGLCS SCHOOL MAIN/REACT | IN PROG| C- |6/29/2018 | 7/27/2018 || w200 | Comp|
UM =  Shop Daily Assignment Michael (Mike) About  Logou

Refresh

WorkOrder 2773966 Shop 132 Estmated StartDate Jun 28, 2018 09:43 PM
Rooem M1a8, Eshaust Fan 47 i 0

Phase 2 Estimated End Date  Jul 26, 2018 0349 PM
Room M 148, Eshaust Fan #7 i off

WorkCode  HVAC Percent Complete

> Months Years

[ schosuted [ Avaiiasie
isplay: 1 5 Al Week of June 24, 2018

BRCAN

D D TR TR, L R ae—m—Lh—.
Bernard Carrol

b = =1 L &' L = =

2763408 2763408 22598 2759408 2759408 w308 308

001 oot 001 001 001 oa1 001

AR CONDITIONER IN MICHE IR CONDITIONER I MICHEE AIR CONDITIONER IN MICHE AR CONDITIONER IN MICHEE AR CONDITIONER IN MICHIE AIR CONDITIONER IN MICHIE AIR CONDITIONER IN MICHIE

Ve o 20Hours 2.0Hours 2.0Hours 2.0Hours 2.0Hours 2.0Hours

o C = =~ ;N ;N ____§N ;N ]
Daniel Taylor

s = 0 = %0 = %0 = %0 = 0 = =

ADS202200 As202200 05202000 405202000 ADS202200 805202200 05202200

) o0z ™) o 0 ou3 o

20220 TRAINING 20220 TRANING 20220 TRANING 20220 TRAINNG 20220 TRAINING 20220 TRAINING 20220 TRAINING

0.0 Hours 0.0Hours 0.0Hours 0.0Hours 0.0 Hours 0.0Hours .0Hours
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PM Completion

Rates

- improved in
coordinator
maintenance shops

31%
Increase in # of PM
phases FY16 to FY18

Completion Status
¥ not Completed

I completed Late
B on Time

Number of Phases

FY 2016 FY 2017 FY 2018

3,500
On-Time Completion: On-Time Completion: On-Time Completion:
70% 78% 93%
3,000
2,500
2,000
1,500
1,000
500
0
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PM Completion FY 2016 FY 2017 FY 2018

Rates —all other 7000 o o
. n-Time Completion: n-Time Completion: On-Ti C leti
non-coordinator o i n-iime -ompletion:
1 71% 71% 71%
shops combined
6,000
5,000
]
3% s
. o
Decrease in # of “ 4,000
PM phases FY16 to 5
0
=
2,000
Completion Status
M Not Completed
M completed Late 1,000
B on Time
0
= LA A A = = = AoA A A = = = iAo A —
353323???EEESEEEEE??ﬁag%z?%gggggﬁagg
T O EFE C FEE =258 S T @ EgE Q@ EE =S 28« S T @ EgE Q@ EE =28« =
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Reactive Work
— decreases in
coordinator
maintenance
shops from FY17-
18

7%
Decrease in # of
WOs

20%

Decrease in labor
hrs charged per
month

Transaction Hours

6000

5500-

5000-

4500-

4000-

3500-

3000-

2500-

2000-

1500-

1000-

500-

0_

Ave Hrs: 4,176

FY 2017

Fy 2018

July

Total WO Count for 2017: 1,115
Average Hours per WQ: 3.75

September November January March
Month of Work Date [FY 2017]

N
v \/\ Ave Hrs: 3,328

/

Average Hours/Mo: -20.3%
Average WO Count:-7.3%
Total WO Count for 2018:1,034
Average Hours per WO: 3.22

May July September November January March
Month of Work Date [FY 2018]

May



Initial Response

Time — to reactive WOs
in coordinator
maintenance shops
improve in 2018

41%

Improvement in
time taken to begin
work on a reactive

WO

5.5

5.0

4.5

4.0

N w w
n S} tn

Avg Initial Response (Days)

I
o

1.5

1.0

0.5

0.0

Fy 2017

Ph Date C

ompleted

FY 2018

July Augu.. Sept.. Octo.. Nove.. Dece.. Janu.. Febr.. March April May June July Augu..Sept.. Octo.. Nove.. Dece.. Janu.. Febr.. March April May June




Ph Date Completed
FY 2017 FY 2018

Reactive Process

Time — work is being
completed more quickly &
once started in

6.50

. . 5.50
coordinator maintenance
shops 5.00

4.50

Ave: 3.99

@ 4.00
9 g

2 1 /O E 3.50
Improvement in time g

spent on reactive work £ 3.00
2

N
0
s}

2.00

1.50

0.50

July Augu.. Sept.. Octo.. Nove.. Dece.. Janu.. Febr.. March April May June July Augu..Sept.. Octo.. Nove.. Dece.. Janu.. Febr.. March April May June

0.00



Additional staffing/organization considerations for a PM program

Who has ownership/responsibility?
- Preventive Program Manager?
- Zone/shop responsibility?

Who performs PM?
- Dedicated crew? All technicians?
- Off-hours?



Case study: Using your data

How many people does it
take to change a light bulb at
UVA?



Central Grounds Zone Maintenance Analysis




Lighting Frequency Analysis for Central Grounds

Building Total Hours Reactive Hours Percentage Reactive Original Frequency New Frequency
RANDALL HALL 16 2.5 15.63% Bi-Monthly
GARRETT HALL 99.5 14.5 14.57%|Monthly Bi-Monthly
VARSITY HALL 4 2 50.00% [Semi-Annual Quarterly
ROBERTSON HALL 641 8 1.25%|Semi-Weekly Monthly




Work Category (group)
M PV & PV CODE
W REACTIVE

Lighting Analysis Reactive to PM
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Reactive to Proactive

* Reduced the total amount of hours
spent maintaining assets

* Improved customer service

35%

less hours spent
on electric assets

Work Category (group)
I CORRECTIVE

M P\ & PM CODE

W REACTIVE

Transaction Hours

Electrical Transaction Hours FY ‘17-"18

FY 2017 Fy 2018

7000- 6,784 hours

4,991 hours

FY 2017 Fy 2018



Take-aways and
keys to a successful
maintenance program:

It starts with culture change

Staff your maintenance
program

Use your data to tell your story



Thank you!

Chris Smeds

Director of Technology & Innovation
U.Va. Facilities Management

smeds@virginia.edu
(434) 982-4796 office

http://www.fm.virginia.edu/
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This concludes The American
Institute of Architects Continuing
Education Systems Course
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