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_earning ODbjectives

Describe the challenge of forecasting

Explain a method of sustainment modeling as a
solution

|dentify applications to a portfolio
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Why Do This?

By simply expending the necessary resources to conduct
maintenance activities intended to be used by the
equipment designer, equipment life is extended and its
reliability is increased. In addition to an increase In
reliability, more money is saved than when using a
program of reactive maintenance. Studies indicate that this
savings can amount to as much as 12% to 18% on average.
Depending on the facility's current maintenance practices,
present equipment reliability, and facility downtime, there
Is little doubt that many facilities purely reliant on reactive
maintenance could save much more than 18% by
Instituting a proper preventive maintenance program.

DOE, Energy Efficiency and Renewal Energy
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Preventive maintenance adds 5 to 10 years of life to
an existing pavement.

SAVINGS FROM PREVENTIVE MAINTENANCE, Larry Galehouse and Al Friend, Michigan
Departmentl of Transportation, 1996

Facilities in which proper HVAC maintenance is
completed will use at least 15 to 20 percent less

energy than those where systems are allowed to

deteriorate.

HVAC Maintenance and Energy Savings, James Piper, P.E. Facilities Net.Com, March 2009
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Sustainment, Restoration,
Modernization (SRM)
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Sustainment:
It’s more than just maintenance

Sustainment includes those actions necessary to keep a good facility
In good condition, extracting full use over the design life of the
facility.

This includes regularly scheduled inspections, preventive
maintenance, emergency response, and major repairs or
replacements that are expected to occur periodically over the
design life — for example, blasting/recoating surfaces, replacing
motors, pumps, reroofing, painting, replacing floor coverings

Maintenance Cost Forecasting
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Impact of Sustainment on Recapitalization Frequency
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Restoration

Restoration includes repair and replacement work to
restore facilities damaged by inadequate sustainment,
excessive age, disaster, accident, or other causes.
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Modernization

Modernization includes alteration of facilities solely to
Implement new or higher standards (including regulatory
changes), to accommodate new functions, or to renew
building components that typically last more that 50 years
(such as foundations and structural members).
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Problem

How do you get reliable, estimates of longer
term maintenance needs for a large number
of similar facilities that are:

e Consistent,
 Auditable, and
* Objective
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Why Try?

To provide creditable estimates of
resource needs to key decision
makers In the organization
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Resource Requirements

Present Forecast

Condition Condition
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Determining the Present
Condition

CMMS or Backlog Facility Assessment
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CMMS or Backlog

« As accurate as you make It
« Should include PM

 Lots of CMMS software on the COTS
market — for example:

- 360Facilty - MicroMain

- Maximo - Maintenance Connection
- Archibus -COGZ

- SchoolDude - MaintSmart
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Backlog Effect
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Sustainment Forecast

* |s not the cost of restoring deterioration

— Deterioration can be caused by........
« Natural disaster
 Lack of maintenance and repair (sustainment)
« Occupant damage (e.g. graffiti)

* Preventive
« Expected replacements, repairs

e Sources:
— Modeling
— Benchmarking
—= — Delphi Method (guessing)

Engin i
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Assessments

« Bottom Line Up Front (BLUF) — as they say
in real estate, don’t invest in a depreciable

asset
« Many types — in house and contract

» Assessments are worthwhile — but many
turn into expensive door stops

« Lag between report and funding results in
lowered worth of initial assessment effort

« NASA Method allows identification and
prioritization at minimal cost
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The SRM Solution — DOD and
other federal agencies

 Develop cost factors which are
Interchangeable between proponents &
locations

« Agreement on definitions

 Engineering Analysis to produce SRM cost
factor

* Regular updates
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Justifying and Prioritizing Funding
through the SRM Model

It’s still all politics and money, but the Services
cooperated in the design, development and
Implementation of the SRM model, so they now have a

Logical, methodical approach to planning,

programming, budgeting and execution for facilities
sustainment which is acceptable to Congress
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Sustainment Formula

FAC 8999

Sustainment = )  SCF * Record Asset Quantity * ACF

FAC 1111

 \Where:

« SCF is an individual cost factor for the FAC,
expressed in $ per unit (SF, GA, MB, KVA, MGD,
LF, SY, etc.) normalized to Washington DC

« ACF is an area cost factor to adjust to the specific
location
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Sustainment Cost Factor

« Commercial (non-DOD) sources

— Facility models using R.S. Means CostWorks
adjusted for average size of asset, typical
materials, expected service life

— Published data or studies

— Unpublished data (e.g. state DOT’s, city
agencies, vendor guotes)
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Methodology

Step 1 — Identify the components of the building

Step 2 — Identify all routine M&R activities
required for expected service life of the facility.

Ste
eac

Ste

0 2 — Determine the cost and frequency for
N activity (e.g., $300/SF roof — every 20 years).

0 3 — Sum all the costs throughout the expected

service life (reduced at end of life).
Optional steps to get an annualized requirement:
Step 4 — Divide the sum by the expected service

life

. (Cost per year)
Step 5 — Divide the result by the size of the facility.

(Cost per SF per year)

Maintenance Cost Forecasting
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Modeling Example

FAC 7213 Student Barracks

CostWorks 2009 Quarter 3

This spreadsheet was exported
from R.S. Means CostWorks

Terminal Cutoff is the removal of a single task occurrence if that task occurs within

Design Life|55 10% of the end of the design life and if the frequency of the task exceeds 20% of
Awerage Size|21,947 the design life. This prevents scheduling major work near the end of the design life
Occurrences Adjusted )
Zip Code in De_33|gn Occurrences Terminal Cutoff
Description Frequency Crew Qty Unit Total In-House |Total Incl. O&P | Prefix Type Release Life
Repair brick wall - 1st floor 25 1 Bric 309.700| S.F. 12,264.12 14,908.96|200 FMR 2009 Qtr 3 2 1/$  14,908.96
Replace brick wall - 2nd floor 75 2 Bric 30.900f C.S.F. 67,043.11 81,092.42|200 FMR 2009 Qtr 3 0 0/'s -
Replace brick wall - 3rd floor 75 2 Bric 30.900/ C.S.F. 67,043.11 81,092.42|200 FMR 2009 Qtr 3 0 of$ -
Replace glass - 1st flr. (1% of glass) 1 1 Carp 9.500/ S.F. 97.66 114.48]200 FMR 2009 Qtr 3 55 55 $ 6,296.13
Repair 3' x 4' aluminum window - 1st floor 20 1 Carp 79.000 Ea. 21,726.58 25,388.23(200 FMR 2009 Qtr 3 2 2[$ 50,776.46
Replace 3' x 4' aluminum window - 1st floor 50 1 Carp 79.000/ Ea. 62,985.91 72,982.57|200 FMR 2009 Qtr 3 1 0s$ -
Replace glass - 2nd fir. (1% of glass) 1 1 Carp 10.100| S.F. 146.65 174.43|200 FMR 2009 Qtr 3 55 55/'$ 9,593.49
Repair 3' x 4' aluminum window - 2nd floor 20 1 Carp 84.000 Ea. 26,618.76 31,336.20/200 FMR 2009 Qtr 3 2 2[$ 62,672.40
Replace 3' x 4' aluminum window - 2nd floor 50 1 Carp 168.000| Ea. 140,978.88 163,884.00/200 FMR 2009 Qtr 3 1 0[$ -
Replace glass - 3rd floor (1% of glass) 1 1 Carp 10.100| S.F. 222.60 267.55(200 FMR 2009 Qtr 3 55 55[$  14,715.20
Repair 3' x 4' aluminum window - 3rd floor 20 1 Carp 84.000/ Ea. 30,211.44 35,752.08/200 FMR 2009 Qtr 3 2 2[$ 71,504.16
Replace 3' x 4' aluminum window - 3rd floor 50 1 Carp 168.000, Ea. 148,164.24 172,715.76{200 FMR 2009 Qtr 3 1 0/'s -
Repair aluminum storefront door 12 1 Carp 2.000 Ea. 896.20 1,062.14|200 FMR 2009 Qtr 3 4 4['$ 4,248.56
Replace 3-0" x 7-0" aluminum storefront doors 50 1 Carp 2.000] Ea. 3,497.66 4,099.68|200 FMR 2009 Qtr 3 1 0[$ -
Repair steel, painted, door 14 1 Carp 7.000, Ea. 4,395.16 5,183.92|200 FMR 2009 Qtr 3 3 3[$ 15551.76
Refinish 3-0" x 7-0" steel, painted, door 4 1 Pord 7.000, Ea. 247.17 303.87/200 FMR 2009 Qtr 3 13 13['$ 3,950.31
Replace 3-0" x 7'-0" steel, painted, door 45 1 Carp 7.000, Ea. 3,876.04 4,482.03|200 FMR 2009 Qtr 3 1 1[$ 4,482.03
Debris removal by hand & \visual inspection,modif| 1 2 Rofc 7.300| M.S.F. 229.59 277.69/200 FMR 2009 Qtr 3 55 55($ 15,273.06
Non-destructive moisture inspection,modified bitu 5 2 Rofc 7.300, M.S.F. 713.06 858.48/200 FMR 2009 Qtr 3 11 117$ 9,443.28
Minor membrane repairs-(2% of roof area), modifig 1 G5 1.500 Sq. 417.45 491.93|200 FMR 2009 Qtr 3 55 55[$  27,055.88
Flashing repairs-(2 S.F. per sq. repaired), modifie 5 2 Rofc 2.900| S.F. 10.03 11.89/200 FMR 2009 Qtr 3 11 11[$ 130.79
Membrane replacement-(25% of roof area), modifi 20 G5 18.300| Sq. 12,166.21 14,463.04/200 FMR 2009 Qtr 3 2 \_9 2&9@
Replace manual pull station 15 1 Elec 5.000i Ea. 645.20 785.101200 FMR 2009 Qtr 3 3 3'$ 2,355.30
Repair smoke detector 10 1 Elec 53.000 Ea. 2,068.06 2,568.91;200 FMR 2009 Qtr 3 5 5'$ 12,844.55
Check operation smoke detector 1 1 Elec 53.000] Ea. 632.29 791.29{200 FMR 2009 Qtr 3 55 55[$  43,520.95
ReBIace smoke detector 15 1 Elec 53.000 E 10,27& 12,317.731200 FMR 2009 Otr 3 3 3'$  36,953.19
$1,821,672.211 $2,162,265.08
MR Subtotal $4,053,859.76
MR Per Year $73,706.54
PM Per Year $25,959.63
Subtotal $99,666.17
Total Per Unit $4.54

Engineering
Planning
Systems
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Modeling Example — Preventive
Maintenance

1.000

1.32

$5,481.09]

FMR

CostWorks 2008 Quarter 2 - FAC 6100 Office
Qty Description Labor Hours | Total Incl. O&P | Zip Code Prefix | Type Release
3.000;Door, emergency egress, swinging, annualized 0.78 172.53{200 FMR 2008 Qtr 2
22.000|Fire doors, swinging, annualized 8.62 656.92{200 FMR 2008 Qtr 2
2.000; Drink fountain, annualized 1.24 118.72200 FMR 2008 Qtr 2
5.000; Lavatories, annualized 1.74 150.40{200 FMR 2008 Qtr 2
4.000; Toilet (vacuum breaker type), annualized 0.91 64.60;200 FMR 2008 Qtr 2
3.000; Urinals, annualized 0.68 48.451200 FMR 2008 Qtr 2
1.000{Centrifugal, over 1 HP, annualized 1.20 103.19:200 FMR 2008 Qtr 2
2.000{Fan, centrifugal, up to 5,000 CFM, annualized 2.16 151.90i200 FMR 2008 Qtr 2
1.000Fan, centrifugal, 5,000 to 10,000 CFM, annualize 1.14 79.371200 FMR 2008 Qtr 2
4.000;Fan coil unit, annualized 13.35 1,066.40;200 FMR 2008 Qtr 2
10.000{VAV Boxes, annualized 9.34 760.00{200 FMR 2008 Qtr 2
2.000{Package unit, air cooled, 3 thru 24 ton, annualize 4.80 502.06{200 FMR 2008 Qtr 2
1.000{Fire alarm annuciator system, annualized 11.05 990.03{200 FMR 2008 Qtr 2
2.000iPanelboard, 225 A and abowe, annualized 0.88 135.42i200 FMR 2008 Qtr 2
1.000{Motor control center, over 400 A, annualized 0.39 64.15{200 FMR 2008 Qtr 2
4.000;Light, emergency, dry cell, annualized 1.48 320.72{200 FMR 2008 Qtr 2
Central clock systems, annualized 96.231200

2008 Otr 2

 Engineering
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Benefits/Results

Offices responsible for approving funds see
this method as:
— objective,
— consistent,
— auditable,
— uniform methodology

Result Is that appropriations for facility
sustainment are more readily approved

25
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Applications of Modeling

Organizations with large number of facilities:
« School systems, colleges and universities
 State and local governments

« Banking and telecommunications

» Real Property Portfolio Management

For organizations with a small number of
facilities, customized benchmarking models
are worth investment

26
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Routine M&R Requirement

« Campus Example

— Built a model of each building

 Size and Components based on
— Site Survey
— Available Campus CC Data
— CAD Drawings

— Reasonable Assumptions for quantities of common
components ( electrical outlets, lighting)

» 50 year expected service life assumed

28
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CostWorks — Composite Chart
All Buildings Annual Sustainmen

Sustainment by Year - Terminal Cutoff Applied
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Community College Graphical
Display of Conditions

— I . _ — — e
5 - welc
R&K Higher Education Campus * soatial Faciiities Assessment i & 0
b e = / o ¢ —/ - o v ¢ ]
¥ Buildings i > Dashboard
Q, + Building A ¥ Facility Condition Index
Q - Building B [v/] Show Fc1 | Play =
Q ++ Building C Sustainment Funding Level
S % of Sustainment
<, + Building D 0% —{ }——8—125%
Q + Building E Funding Amount § | 394,682
Q + Building F
A Annual Requirement:
Q - Building G $1,315,606
@ 4 Building H Funding Rate:
$394,682/$1,315,606
4+ Building K 30% \
Q 4+ Building L

$920,924

Shortfall: ‘
70%

Fiscal Year

:{ }— 2015 |

[B <0 to 100% ‘
[ 50 to 89%
Il 70 to 79%
[]60 to 69%
[ 50 to 59%
[ 40 to 49%
Il 0 to 35%
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> Campus Photos
> Campus Documents
> Reports

> Map Layers
o ps - g - —
Copyright R&K Engineering, Inc. Build 1.0.2628
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Campus Prioritization
| Caegores  CategoryWeight  CredaSeoring

Essential to Operations/ Major Impact on Minor Impact on

QOL Operations/ QOL Operations/ QOL i
Campus
Operations/Quality of 1.5 10 7 3 0
Life (QOL)
. o Major Damage to Minor Damage to
Failure of Facility Facility Facility No Impact
Envelope/Structure 2.0 10 7 3 0
Not in Compliance/ No  Limited Compliance/ Not in Total Compliance No Impact
Access Limited Access but Significant Access P
Americans with
Disabilities Act (ADA) 15 10 ! 3 0
Death{ Per'r'nanent Loss of Limbs Severe Injury/Serious No Impact
Disability lliness
Building Code, Health, 15 10 7 3 1

Life, Safety
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SCF Reference

{= Construction Criteria Base - Unified Facilities Criteria (UFC) | Whole Building Design Guide - Windows Internet Explorer

o A |@, hitbp: ffwna wbdg. orgfechfbrowse_cat. php?o=298c=4 v| 41| X% | | el

File Edit Wiew Favorites Tools  Help

Go 3[(—:| & wuniform Facilities criteria V| Search «+ &2 - E?' SJ - 9% Bookmarks - @ Find ~ A:? Check = ﬁl] AukoFll - % - | /SignIn -

Wk [@Construction Criteria Base - Unified Facilities Criberia (... I ‘ @ - B géa - |i:h Page - f)} Tools ~

Home [/ About / Contact / Site Map / Search: _ GO

Advanced Search

Design Guidance  Project Management Operations & Maintenance Documents & References  Too Continuing Education  BIM

Home = Documents & References » CCB = Documnents Librsry » DOD Criteris * Unified Facilities Criteris (UFC)

E| COMMENT ON THIS PAGE
DDCUMENTS & . . . = EMAIL THIS PAGE
REFERENCES Construction Criteria Base (CCB)

a service of the Whaole Building Design Guide

Federal Mandates

. o o SEARCH CCB
Construction Criteria Base Unified Facilities Criteria (UFC) o)
Specifications Library [] -
e Unified Facilities Criteria (UFC) dacuments pravide planning. design. construction, S A
sustainment, restoration, and modemization criteria, and apply to the Military = L Er )
Standards Library Departments. the Defense Agencies. and the DaD Field Activities in accordance with USD [ search tities anly
Documents Library [AT&L) Mermorandum dated 29 May 2002. UFC are distributed only in electronic media and Advanced Search

— are effective upon issuance.
—DOD Criteria

E) CCB RSS — Keep up with

—NAVFAC Criteria The United States Army Corps of Engineers (HQUSACE), Naval Facilities Engineering CCE additions or updates

— ARMY/COE Criteri Command (NAVFAC), and Air Force Civil Engineer Support Agency (AFCESA) are
o ErETE responsible for administration of the UFC system. Points of contact and procedures for the

—MNASA Criteria development and maintenance UFC documents are prescribed in the latest edition of MIL-

— Aur Force Criteria STD-3007

~ VA Criteria See the Matrix of UFCs and their superseded Agency-Specific Documents for the list of

— GSA Criteria UFCs that were formerly Agency-specific documents.

~ DOE Criteria For additional information regarding NAVFAC documents that have been superseded, see v

[ & Internet 00 v
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UFC 3-701-series

{= Construction Criteria Base - Unified Facilities Criteria (UFC); | Whole Building Design Guide - Windows Internet Explorer,
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22-2007) PDF 1750 KB, 45 pgs y

UFC 3-580-10 Mawy and Marine Corps Intranet (WMCI) Standard Construction Practices,

with Changes 1-3 (07-14-2004) PDF 989 KB, 83 pa:

SERIES 3-600: FIRE PROTECTION

UFC 3-600-01 Fire Protection Engineering for Facilities (05-28-2008) FOF 782 KB, 125 pas

UFC 3-600-02 O&M: Inspection, Testing. and Maintenance of Fire Protection Systems

(01-01-2001) EDF 308 KB, 38 pgs

SERIES 3-700: COST ENGINEERING

UFC 3-700-01A Programming Cost Estimates for Military Construction o2-01-2005)

FOF 2320 KB, 82 pgs

UFC 3-T00-02A Construction Cost Estimates (02-01-2005) FOF 1228 KB, 124 pos

UFC 3-701-07 DoD Facilities Pricing Guide, FY2007 (07-02-2007) EDF 420 KB, 51 pas

UFC 3-710-01A Code 3 Design with Parametric Estimating (02-01-2005) FDF 275 KB, 43 pas

SERIES 4: MULTI-DISCIPLINARY AND FACILITY-SPECIFIC DESIGN

UFC 4-010-01 DoD Minirmum Antiterrorism Standards for Buildings, includes Change 1

[10-08-2002) FDF 288 KB, 71 pas b

UFC 4-010-02 Dol Minimum Standeff Distances for Buildings (FOUQY), includes Change

1 (10-08-2002) FOF 57 KB, 5§ pgs

UFC 4-020-01 DoD Security Engineering Facilities Planning Manual (og-11-2008)

EDF 2674 KB, 331 pgs

UFC 4-020-02FA Security Engineering: Concept Design (FOUO) 02-01-2005)

™

Trkermet Hol00% v
(3 @

f'.-‘! gl‘;."‘t . / Ao FMT Presentation op

Engineering
RsK CILE Maintenance Cost Forecasting



{= hitp:fwww.whdg.orgfceh/DODUFCAufc_3_701_07.pdf - Windows Internet Explorer

94|

o -

L [ htkpe e, whbidg orgfecb DODUFC fufc_3_701_07 . pdf

File Edit Vview Favorikes Tools  Help

Go gh’: g~ w ‘ Search + G = Cgi* @ * $9 Bookmarks @ Find = A:? Check - (\\_| AukoFil -
w o |88 = | @ Construction Criteria Base - ... | € hitp: fhww whdg.orgfec... X | ‘

&l

g -

B

Signin -

bl

sy - b Page - 0k Tools -

H Save a Copy __“ Prirt (a_. Etniail W Search

|\:_”J| ]:T] Select Text = @:

ABC
Ll

& - D[e

- @

O £

S Review & Comment - ZSign -

UFC 3-7101-07

2 July 2007

0
x ~
E Table 3: FAC Cost Factors
-E: Table 3: FAC Cost Factors for DoD Cost Models
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water
0w
% 1111 | Fined-Wing Ramway, Surficed 57 T120.19 5000 5§00 51551 5000 50,00 50.27 5013 50,05
E 1112 | Roty-Wimg Landing Are, Surfaced SY $120 18 £000 $0.00 §19.51 5000 00 011 2013 0,03
= 1113 | Rumwey Chvarun Arss, Surfaced Y $12018 $000 000 £19.51 8000 00 1037 B013 £0.05
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FCI Difficulty

« FCI - Facility Condition Index

* Defined by APPA as “...a comparative
Indicator of the relative condition of facilities. The
F.C.I1. Is expressed as a ratio of the cost of
remedying maintenance deficiencies to the current

replacement value”.

* Only 2 things are troublesome — the numerator
and the denominator
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Troublesome FCI

* Denominator — no standard way of
expressing plant replacement value.
Possible choices include:

— State defined valuation

— Marshall and Swift

— Design Cost Data

— Square Foot Cost data (Means, BNI, ENR)
— Inflated original cost to construct

— Insurance value
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Troublesome FCI

 Numerator:
— Tends to be subjective, no matter who does it

— Often includes non-deficiency items (e.g. new
work)

— Out of date shortly after completion

— Typically very expensive if done by contract
(price can be $0.50 to $5.00 per square foot if
done by contract)

— Contractor sometimes “low balls” inspection
cost to sell expensive proprietary software

— Leaves out unfunded sustainment costs

40

Maintenance Cost Forecasting



FCI Work-Around

« Denominator — as long as campus/state Is
consistent in definition, trends will be valid,

but can’t compare to others

* Numerator recommendation:
— Spend as little as possible on evaluation

— Use one of the self-survey tools to get estimate
and set priorities
— Use technical inspectors once priorities set
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Inspection & Design

» Corrective projects — funded as
sustainment, restoration or modernization —
are still designed by professionals

* Sustainment can be thought of as “reserve”
account — providing a “banked reserve” for
maintenance and expected replacements

* Inspections still needed to:
— Develop owner’s estimates before contracting
— ldentify specific M&R requirements & timing
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Influences on SRM Funding

Politics and Money

Geographic interests C;:@
Inter-service preferences 2
Constituencies

Targeted industry and sector support
Availability of funds

Competition for funds

Budget requests from services and agencies
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