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CLIMATE IMPACTS ON THE BUILT ENVIRONMENT [,

U.S. ARMY
Tornado damage at Fort Hurricane Michael damage at Flooding at Offutt
Leonard Wood, MO (2011) Tyndall AFB, FL (2018) AFB, NE (2019)
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ASSESSING BUILDING COMPONENT CONDITION AND
wsamy OSERVICE LIFE :

Component Condition/
Inventory Functionality
Assessment

Performance Work Conseguence
Metrics and Requirements Analysis and
Forecasting Reporting

Models

BUILDER SMS: A structured process for collecting, synthesizing, and
organizing information about civil infrastructure and facility assets to
support decisions pertaining to their sustainment over their lifecycle
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BUILDING COMPONENT INVENTORY

®
U.S. ARMY
System Sub-System Component Component Type Name Quantity UM Year
A1010 STANDARD
A10 FOUNDATIONS FOUNDATIONS A101001 WALL FOUNDATIONS  Strip Footing 30LF 957
A1010 STANDARD A101002 COLUMN
A10 FOUNDATIONS FOUNDATIONS FOUNDATIONS & PILE CAPS  Spread Footing 21EA 1957 ST
B20 EXTERIOR >
ENCLOSURE B2010 EXTERIOR WALLS B201001 EXTERIOR CLOSURE Concrete Block 3,500 SF 1957
B20 EXTERIOR B2020 EXTERIOR ‘
ENCLOSURE WINDOWS B202001 WINDOWS Steel Window s 10EA 1957 |
B20 EXTERIOR ot Conciig oty
ENCLOSURE B2030 EXTERIOR DOORS B203001 SOLID DOORS Steel

17EA

walls, doors,
and windows)

1957 2 ¢ . y (e.g., exterior

8. Interior finishes
C10 INTERIOR (o capeing,
CONSTRUCTION C1010 PARTITIONS C101001 FIXED PARTITIONS Wall - Concrete Block 890SF 1957 il
C10 INTERIOR s s
CONSTRUCTION C1010 PARTITIONS C101001 FIXED PARTITIONS Wall - Dryw allw /Stud Framing 1,780SF 1957 Htnklony)
C10 INTERIOR C102001 STANDARD INTERIOR
CONSTRUCTION C1020 INTERIOR DOORS DOORS Wood Door/Metal Frame 27EA 1. Foundations

7. Stairs

3. Superstructure (e.g.,
columns, beams, floors)

D3020 HEAT GENERATING D302004 AUXILIARY

D30 HVAC SYSTEMS iUIPMENT Exiansion Tank - 40 ial ET 1

D3030 COOLING D303001 CHILLED WATER Cooling Tow er, Galvanized - 60

D30 HVAC GENERATING SYSTEMS  SYSTEMS TN 1EA 1997
D3040 DISTRIBUTION Fan System, Wall Exhaust - Wall

D30 HVAC SYSTEMS D304007 EXHAUST SYSTEMS  Exhaust, 6175 CFM EF-1 1EA 1998
D3040 DISTRIBUTION

D30 HVAC SYSTEMS D304008 AIR HANDLING UNITS Central Station - 10000 CFM AHU-1 1EA 2001
D3050 TERMINAL & A/C Unit, Split Systems w/Air

D30 HVAC PACKAGE UNITS D305006 PACKAGE UNITS Cooled Condenser- 3 TN AC-2 2EA 1997
D3050 TERMINAL & Heat Pump, Air Source, Roof

D30 HVAC PACKAGE _UNITS D305006 PACKAGE UNITS Top - 10 ton HP-4 1EA 1990

iil} Sustainment Management Systems (SMS) Summit 2023 NUTOINAE s

SrsTER
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STANDARDIZED CONDITION ASSESSMENT

U.S. ARMY

RATING CI

RATING DERNITION

VALUE

Distress
Density

Distress
Type

Distress

Distress Type(s): Deteriorated Severi ty

Severity Level(s): Low
Quantity/Density: 200 SF

Distress Type(s): Cracked
Severity Level(s): Med
Quantity/Density: 12 LF

T a
R
@

SrsTER

GREEN (-
)

88

ENTIRE COMPONENT FREE OF
OBSERVABLE DISTRESSES. LIKE
NEW CONDITION.

NO SERVICEABILITY OR RELIABILITY
REDUCTION. SLIGHT DEGRADATION
BUT NON-CRITICAL. NO WORK
OTHER THAN ROUTINE
MAINTENANCE.

SLIGHT OR NO SERVICEABILITY OR
RELIABILITY REDUCTION. SOME
NOTICEABLE DEGRADATION BUT
NON-CRITICAL. NO WORK OTHER
THAN ROUTINE MAINTENANCE.

AMBER
*)

80

SERVICEABILITY OR RELIABILITY IS
DEGRADED, BUT STILL ADEQUATE.
MODERATE DETERIORATION BUT
NON-CRITICAL. MINOR REPAIRS
NEEDED.

AMBER

71

SERVICEABILITY OR RELIABILITY IS
NOTICEABLY IMPAIRED. MODERATE
DETERIORATION OR DAMAGE
REQUIRES CORRECTIVE REPAIRS.

AMBER

Sustainment Management Systems (SMS) Summit 2023

61

SIGNIFICANT SERVICEABILITY OR
RELIABILITY LOSS. SIGNIFICANT
DEGRADATION OR DAMAGE
REQUIRES MAJOR REHABILITATION
OR OVERHAUL.

SEVERE SERVICEABILITY OR
RELIABILITY REDUCTION MAY
RESULT IN LOSS OF USE OR SAFETY.
IMMEDIATE REPLACEMENT
WARRANTED.

NATIONAL

ACADEMIES negicne




CONDITION AND SERVICE LIFE FORECASTING

U.S. ARMY

Construction/Installation

Degradation/Shape parameter 100
| Inspection 1
- < 80 Inspection 2 @ “Economic Sweet Spot”
3 384 oS S
E -
5 Inspection 3
£ 60
5
Shape Param O \\\
£ 40 —@ Condition @ Failure
: N
R o E \\\
als S 20 [<— “Real” Service Life =17 years —

o [ Design Life = 20 yrs.
| 1990 1995 2000 2005 2010 2015 2020

Year

Adaptive model predicts performance of gach unigue component; identifies best time to invest
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QUESTION: CLIMATE EFFECTS ON 7

sy DEGRADATION?

Building
Components
Foundation
Super Structure
HVAC

Rooftop AC Unit

|

Damage/Distress

Mode

Hazard Events =—» Stressors

Severe Storm
Extreme Heat

Excessive

Wind

Increased

CCDs
Increased

Temp Intensity 1

Damage
Effect

Weather
Variable

Equipment Damage due | Abrupt Condition CDDs

to excess Wind Loss/ Failure

Accelerated HVAC Gradual Service Life | Annual
equipmentdegradation Reduction Days

due to increases above 100
demand

HVAC Equipmentfailure | Abrupt Condition wWind

due to prolonged run- Loss/ Failure | Speed
time

Condition Index

Failure distribution vs Age
mmmmm No Weather Effects

ﬁ.’ﬂlﬂ ‘.. = \Vith Weather Effects
...P..
®e

i

Expected Condition vs Age

100
90
80
70
60
50
40
30
20
10

0

—— No Weather Effects

— With Weather Effects

30 40 50
Age
Sciences
N AT I O N A L Engineering
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CLIMATE DATA / WEATHER EVENT MODELING

U.S. ARMY

Weather Researchand Forecasting (WRF) model
simulations at 3km resolution

{b) {d)
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WRF Tropical Channel Model simulations at 27km resolution
60°N
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W m™2

cooling degree days above 65F

2000

-
o
=
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1600 1

1400 1
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Site-specific Forecasted Weather Metrics
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35°N -
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Sustainment Management Systems (SMS) Summit 2023

healing degree days below 65F

1000 4

900

8004

2010 2020 2030 2040 2050
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EXPLORING LINKAGE BETWEEN CDDS AND :
wsamy FAILURE AGE @

Failure Distribution by CDD bins

Air-Handler Avg. Failure Age vs. CLDD

AHU Failures

40

30

20
Avg. Failure Age

24

T T
500 1000 1500 2000 2500

CLDDiyr
Failure Age (years)

AHU Service Life Comparison

Boosted Decision Tree Approach  Relative Influence of Model Predictor Variables ==

20
Years <23 7837
' 50
40 EE
30 %
20 ?é, 10
10
e_Years < 20.7255 ears <3 5 -
B 0 I I I H m B B o =
Years <[14.6776 Age. lYear <4(|) 308 Shap Year .
: ‘ 3011 4766  RSL<178633 ALPHA 1875093 Scale CDD .. | Size | BCl Cost HDD FAC PRV
FoL< 182803 2506 3243 € Built J
ALPHA 4 3.11407 2145 0
35 drgs 29 Age_Years|< 28 499TALPHA 4 125191 B Relative Influence 44.26 9.09 8.62 8.44 7.04 543 538 496 3.46 3.32

1
19.03 3411 50.54 6513 Air Handling Unit
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WEATHER EFFECTS ON THE LIFECYCLE OF DOD =
sy EQUIPMENT REPLACEMENT (WELDER) @

O 8 https:/jwelder

te-projector/map now Tt gy # o @ < 0

@ Climate Recon (©)

[> Log Out

° Extreme Weather Variable

Climate

ables

Climate Recon

Annual number of days with rainfall rate exceeding 0.5 in/hr for the year 2005 and 2060
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U.S. ARMY

ELDER: COMPONENT LEVEL IMPACT ANALYSIS

W Nicholas

Qa Climate Recon

¥ Phenix, Avinger, Barrington, Lafitte, Callisburg, Colfax, West Baden Springs, Laguna Heights, El ... ¥ Complexes

Scenario List > Organizations > Barrington > Boathouse > Component

Scenario ®
IMCOM_B30_only
Only B30 for all of IMCOM

Years Hazards
3

Filter
Systems All

Components All

Component Details Risk Analysis

Component @ - D3030 COOLING GENERATING SYSTEMS CRV @ - $10,191

faterial Category (@ : D303004 AUXILIARY EQUIPMENT Risk Premium 2

Component Type: Expansion Tank - 240 gal
Year Built: 2017 . |

Age: § Service Life Reduction
0.0y
Quantity: © : 1EA . - z
D 50th Percentile
@ 90th Percentile

Percentile: 50% (90%) likelihocd that the actual risk premium/service life reduction falls below the estimated risk

Design Life: 19

premium
Projected Condition
100
75 ——
3
2 50
>
25
0

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

- Initial Values -~ 90th Percentile 50th Percentile

Component Specific Damage

Climate Variable Damage Mode ® Damage Type © Damage Effect ) Threshold @
Wind Wind Damage to Exterior HVAC Abrupt Condition Loss 50

Cooling Degree Days Excessive Runtime for HVAC Cooling Systems Gradual Service Life Reduction 65

Max Temperature Excessive Runtime for HVAC Cooling Systems Abrupt Condition Loss 100

11

@ Help/Documentation [> Log Out

Component
Service Life
Reduction

Risk Rating ®

Based on
weather-
related

SL Reduct

0.00

0.54

0.32

SMS) Summit 2023

NATIONAL
ACADEMIES
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WELDER: COMPONENT RISK INDICATORS |

@ WELDER € ClimateRecon (@) Help/Documentation  [= Log Out

U.S. ARMY

Organizations Sites.

W Nicholas - Phenix, Avinger, Barrington, Lafitte, Callisburg, Colfax, West Baden Springs, Laguna Heights, El .. ™ Comple

Scenario List > Organizations > Barrington > Boathouse

Scenario (O Facility Climate Model Location CO mpo ne nt
IMCOM_B30_only Boathouse - o e ® i R | S k R atl ng

Only B30 for all of IMCOM Facility Number: 00126 e
(2s)
Year Constructed: 1975 =
5 ® ® — based on
3 tandard
Risk Analysis Leesville ratio Of

Filter Total PRV (D = $1,588.53 i
New Llano

Risk Premium @ Risk Rating (0 . annual riSk
Service Life | w @ premium to
Reduction & .- component

T I " : T

Medium

. P 7]} Fullerton
an n ua rl S ‘ 50th Percentile @ 90th Percentile Q‘L‘M.{E’.E@E Val ue
Percentile: 50% (90%) likelihoed that the actual risk premium falls below the estimated risk premium. :
premium for pe—
each Ve RV N
|-
TTIteT >
p . N o N ) s Annual Risk Avg Risk
Component (7) Material Category (D) Compenent Type () Name Quantity () recetion @ e @ Raing [6)
D3030 COOLING GENERATING
t d cvermns D303004 AUXILIARY EQUIPMENT Expansion Tank - 240 gal MECH RM 1EA 086 54 | Medium
b : |d gsgig;gmme GENERATING 1303004 AUXILIARY EQUIPMENT Chemical Feedwater - 150 Ib,, 5 gallon, ASME MECH RM 1EA 0.92 a5 Low
gsg_arlé;goune GENERATING 1303001 CHILLED WATER SYSTEMS Chiller, Seroll - 100 TN SOUTH CHC-01 1EA 0.89 18 Low
03030 COOLING GENERATING 1303004 AUXILIARY EQUIPMENT Expansion Tank - 24 gal MECH RM 1EA 0.87 10| Medium
SYSTEMS
82020 EXTERIOR WINDOWS B202001 WINDOWS General ALUMINUM 7 138.52 5F 0.00 0
1020 INTERIOR DOORS 102001 STANDARD INTERIOR DOORS Metal Door ELEC RM TEA \ 0.00 y

NATIONAL

ACADEMIES
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WELDER: BUILDING RISK INDICATORS

& Climate Recon (?) Help/Documentation [> Log Out

U.S. ARMY

0 s Sites
W Nicholas ~  Phenix, Avinger, Barrington, Lafitte, Callisburg, Colfax, West Baden Springs, Laguna Heights, El .. ™ = Complexes - N/A
Scenario List > Organizations > Barrington
Scenario @ Site Climate Model Location
N
w30 r sargion s o8 Facility risk
alnut Hil
Only B30 for all of IMCOM Number of Buildings: 507 ! Hicks -
° rating based on
Years Hazards . ® g
3 Risk Analysis i
Leesville A
Toslory @ 2008 . ratio or annua
Filter i
Risk Premium @ Risk Rating New Llano . .
Systems All
° rNsK premium to
Components All Medium @I
51958 M WVery High =
Plant Replace
Very Low ( : )i Palk
$348.77 M f— : b
Value
‘ 50th Percentile @ 90th Percentile PR 171) Fullerton
Parcentile: 50% (90%) likelihood that the actual risk premium falls below the estimated risk premium. ‘\9/‘["“”:&&(%
Facilities (D

List of

Filter

Individual v
Facilities at

RPUID () Building Number Name Year Category Code () PRV (@D Annual Risk Premium (&) Avg Risk Rating (D)

246929 00126 Boathouse 1975 6412 1,589 124
Slte — CIICkIng 896908 01194 Water Tower 1974 2386 433,159 043 (D
. 10415 08162 Garage 1967 2402 450,387 7,759 m
on a faCIIIty 023759 01227 Observatory 1975 1055 760318 351 Low
oes tO 109100 02117 Clinic 1968 152 102M 3,409 Low
g 296957 61008 Marina 2005 6511 35,269 74 Low
analys IS 752914 07332 silo 1974 549 95,852 134 Low

640613 01250 Garage 1938 6527 669,332 61 Very Low

details

313169 00842 Dormitory 1971 12299 216 M 1,548 Very Low

623515 06227 Fire Station 1977 2025 507 M 3,317 Very Low
157160 00227 Chapel 1969 2718 163,101 107 Very Low
131805 61402 Recycling Center 2004 12112 480,619 294 Very Low

560289 08380 Dormitory 2003 11095 605,152 341 Very Low

NATIONAL

Sustainment Management Systems (SMS) Summit 2023 ACADEMIES
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WELDER CLIMATE LIFECYCLE IMPACT )

Calculation Steps

« Step 1. Component Level Info

« Step 2. Calculate Component Metrics

« Step 3. Get Damage Modes and model parameters for component Types

« Step 4. Find Baseline Climate Variables for each Damage Mode

« Step 5. Given a percentile assumption, Find Climate Value Change for each Damage Mode
« Step 6a. Calculate Climate Impact Metrics for Gradual Damage Types

« Step 6b. Calculate Climate Impact Metrics for abrupt Damage Types

« Step 7. Aggregate Service Life Reduction across all damage modes

« Step 8. Calculate weather adjusted degradation parameters across all damage modes
« Step 9. Calculate Annual Risk Premium

U.S. ARMY




STEP 1. COMPONENT LEVEL INFO

U.S. ARMY

Given a building component in service in a building, we have
certain information about that component in BUILDER, including:

Construction/Installation

« Building Location: Geographic
Location building

« Component Type: Specific Type that
component is classified as

* Quantity: The quantity of the @ Condition @ Failure
component o I™N

« Year Installed: Year component was [ "Eflective” Senvice Lie = 17 years \
installed or placed in service o [ Desionlie 220y

° Component Replacement Value: 2010 2015 2020 2\(2:5 2030 2035 2040
The estimated cost to replace the

. %%@%?}”Ei?é_ The expected service Degradation/Shape Scale/Service Life
life of the component from install to parameier : JElElLEE]
replacement ] | =

« Alpha: The condition degradation

shape parameter I {

Inspection

40

Component Condition Index

N
o

 Beta: The condition degradation W

scale parameter 1 Iﬂ M Jamd L _H;h,_




€3 Climate Recon () Help/Documentation [> Log Out

WELDER

o

ganizations

W Nicholas v Phenix, Avinger, Barrington, Lafitte, Callisburg, Colfax, West Baden Springs, Laguna Heights, El.. ¥ Complexes - N/A

Scenario List > Organizations > Avinger > Workshop > Component > Calculation Details

Scenario @ Component Info Component Metrics

IMCOM_B30_only Component: D3030 COOLING GENERATING SYSTEMS Current Age: 3
Only B30 for all of IMCOM Material Category: D303001 CHILLED WATER SYSTEMS Current Cl: 89.2
Component Type: Cooling Tower, Stainless Steel - 1000 TN Effective Age: 6.82
Years Hazards
3 Replacement Value:  $686,880.00 Remaining Design Life (RDL): 12
Year Built: 2019 Remaining Service Life (RSL):  10.3
Filter
Age: 3 Model Year (CurrentYear + RSL): 2030
Systems All Design Life 15
Components All Quantity: 1EA

Alpha

Beta:

Climate Model Location Cooling Degree Days
Fort Riley 2000
Milford
w 1500 — ——t—t P ————"
Mitford Lake E JEDEDEEEP S S e o o g ~—
@ DD SUOOES eSS

500
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060

Alida 50th Percentile -+ 90th Percentile

Max Temperature

Junction City

Values
3
3
4

@ — *

€
L

2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2060

an
50th Percentile  -e= 90th Percentile



U.S. ARMY

STEP 2. CALCULATE COMPONENT METRICS

Based on this information, BUILDER calculates various metrics
used to inform planning decisions, including:

Current Age: CurrentYear — YearInstalled
CurrentAge )alpha

* Current Cl: 100 X ( — )_(DeS"gnL"fexbem
Clterminal

1
alpha

)

« Effective Age: Designlife X (—Log (Cur:g:)ltCI’14OOO))(

 Remaining Design Life: DesignLife — CurrentAge
 Remaining Service Life: DesignLife — EffectiveAge

17




Ga Climate Recon

(?) Help/Documentation [> Log Ou

WELDER

o

Complexes - N/A -

W Nicholas - Phenix, Avinger, Barrington, Lafitte, Callisburg, Colfax, West Baden Springs, Laguna Heights, El.. ¥

Scenario List > Organizations > Avinger > Workshop > Component > Calculation Details

s —

Scenario ()

Component Info

Component Metrics

IMCOM_B30_only Component: D3030 COOLING GENERATING SYSTEMS Current Age: 3
Only B30 for all of IMCOM Material Category: D303001 CHILLED WATER SYSTEMS Current Cl 89.2
Component Type: Cooling Tower, Stainless Steel - 1000 TN Effective Age: 6.82
Years Hazards
3 Replacement Value:  $686,880.00 Remaining Design Life (RDL): 12
Year Built: 2019 Remaining Service Life (RSL): 10.3
Filter
Age: 3 Model Year (CurrentYear + RSL): 2030
Systems All Design Life 15
Components All Quantity 1EA
Alpha 1.40
Beta: 0.89
Climate Model Location Cooling Degree Days
Fort Riley 2000
Milford
» 1500 — ———t Pa— ——r——"
Milferd Lake _5 A M *~—+
7 Z 1000 ¢yttt t———" +— v o—o M
500
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060
(i 50th Percentile  -e- 90th Percentile
o @
Max Temperature
75
Junction City . & " M —— — e
—— > 25 — — ——————— ¢
T {70 ot -
w 0
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060
an

50th Percentile - 90th Percentile



STEP 3. GET DAMAGE MODES AND MODEL =
wsamy PARAMETERS FOR COMPONENT TYPES

For each component type, a damage association table lists
applicable damage modes and associated model parameters

Damage Mode: A description of the damage type

Mode Type: Whether the damage mode is abrupt or gradual

Stressor: The climate factor associated to the damage mode

Climate Variable: The climate variable that measures intensity of the stressor

Threshold: The level of the climate variable that is typically results in the damage

mode if exceeded.

« Damage Likelihood: The likelihood of damage mode occurring given climate
variable threshold is met

 Damage Factor: the extent of the damage on component service, ranging from no

effect on condition an/or service life to total loss of component.




WELDER

Wakefield -~

Fort Riley
Milford Lake

Junction City

o I

Chapman

Climate Variable

Damage Mode

Damage Type
Damage Effect
Threshold

Damage Likelihood

Damage Extent

Baseline

Ogden

[> Log Out

@ Climate Recon

@ Help/Documentation

Valu

1000 —t- S +—o >4
Mz
500
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060
50th Percentile  -#- 90th Percentile
——
2 Max Temperature
75
w50 — —o— +—
> 75 _ ——t +———— *
o——t +
~—
0
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060
50th Percentile -~ 90th Percentile
Rainfall (in/day)
» 2
2
0
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060

Max Temperature

Excessive Runtime for HVAC Cooling Systems

Abrupt

Condition Loss

50th Percentile  -e- 90th Percentile

Damage Modes

Rainfall (in/day) Totals

Cooling Degree Days

Excessive Runtime for HVAC Cooling Systems Water infiltration and flooding cause damage to
interiors and services

Gradual Abrupt

Service Life Reduction Condition Loss

100 65 6

0.75 0.25 0.25

0.05 0.5 0.8
—

12.16 923.22 0.00



STEP 4. FIND BASELINE CLIMATE VARIABLES FOR =
sy EACH DAMAGE MODE

When evaluating a damage mode for a given component:

* Find the climate dataset closest to the building location

« Specific Climate Variable

« Specific Climate threshold for damage mode

* Year = Component Year installed (or 2005 if installed prior to 2005)

« Select the climate value for the 50%. This represents the baseline climate value at or near the
beginning of the component’s service life




Climate Variable

Damage Mode

Damage Type
Damage Effect
Threshold

Damage Likelihood

Baseline

2005 2010

Max Temperature

Excessive Runtime for HVAC Cooling Systems

Abrupt
Condition Loss
100

0.75

2015 2020 2025

@ Climate Recon

2030 2035 2040 2045

50th Percentile  =e= 90th Percentile

Damage Modes
Cooling Degree Days

Excessive Runtime for HVAC Cooling Systems

Gradual

Service Life Reduction
65

0.25

Rainfall (in/day) Totals

Water infiltration and flooding cause damage to
interiors and services

Abrupt
Condition Loss
6

0.25

Climate Value
Annualized Increase
Degradation Rate
Adjusted RSL
Adjusted Alpha
Adjusted Beta

SL Reduction

Annual Risk Premium

Climate Value
Annualized Increase
Degradation Rate
Adjusted RSL
Adjusted Alpha
Adjusted Beta

SL Reduction

Annual Risk Premium

17

30.1

1,020.53
0.01
105.27%
9.81
1.43
0.85

0.52

90th Percentile
1,171.28

0.03
113.43%
9.1

1.49
0.81

1.22

0.83
0.9
3,997

1.66

0.7
1.22 283

12,538

() Help/Documentation

2050

2055

2060



STEP 5. GIVEN A PERCENTILE ASSUMPTION, FIND

sy CLIMATE VALUE CHANGE FOR EACH DAMAGE MODE

Now find the change in the climate variable value over its expected
service life. This change depends on whether evaluating at a 50%
probability level (50% probability of value not being exceeded) or a
more risk averse 90% probability level (90% probability of value not
being exceeded).

Find the climate dataset closest to the building location

Specific Climate Variable

Specific Climate threshold for damage mode

Year = CurrentYear + RemainingServicel.ife

Select the climate value for the desired confidence level. This represents the projected
climate value at or near the end of the component’s service life.

ClimateValueChange: ProjectedClimateValue — BaselineClimateV alue

23




Climate Variable

Damage Mode

Damage Type
Damage Effect
Threshold

Damage Likelihood

Damage Extent

Climate Value

2005 2010

Max Temperature

Excessive Runtime for HVAC Cooling Systems

Abrupt
Condition Loss
100

0.75

0.05

2015 2020 2025

@ Climate Recon

2030 2035 2040 2045

50th Percentile  =e= 90th Percentile

Damage Modes
Cooling Degree Days

Excessive Runtime for HVAC Cooling Systems

Gradual

Service Life Reduction
65

0.25

0.5

50th Percentile

1,020.53

Rainfall (in/day) Totals
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STEP 6A. CALCULATE CLIMATE IMPACT METRICS =
sy FOR GRADUAL DAMAGE TYPES

For gradual damage mode types, calculate service life reduction
as follows:

ClimateValueChange

« Annualized Increase: ; — —
BaselineValue X RemainingServiceLife

« Degradation Rate: 1+ AnnualizedIncrease X DamageFactor X RemainingServicelLife

. RemainingServicelife
. Adjusted RSL: gservicerly
DegradationRate

CurrentAge+AdjustedRSL

« Adjusted Beta: If RSL =<0, then — , else beta
DesignlLife
. . ] . CurrentCIl 100 CurrentAge
Adjusted Alpha: Log(( Log ( 100 '’ Clterminal)) ’DesignlLife xAdjustedBeta)

« Service Life Reduction: If RSL > 0, 0, else RemainingServicelLife — AdjustedRSL
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2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060

50th Percentile  =e= 90th Percentile

Damage Modes
Climate Variable Max Temperature Cooling Degree Days Rainfall (in/day) Totals

Damage Mode Excessive Runtime for HVAC Cooling Systems Excessive Runtime for HVAC Cooling Systems Water infiltration and flooding cause damage to
interiors and services

Damage Type Abrupt Gradual Abrupt
Damage Effect Condition Loss Service Life Reduction Condition Loss
Threshold 100 65 6
Damage Likelihood 0.75 0.25 0.25
Damage Extent 0.05 0.5 0.8
Baseline 12.16 923.22 0.00
50th Percentile
Climate Value 17 1,020.53
Annualized Increase 0.01
Degradation Rate 105.27%
Adjusted RSL 9.81
Adjusted Alpha 1.43
Adjusted Beta 0.85 0.83
SL Reduction 0.52 0.9
Annual Risk Premium 3,997
90th Percentile
Climate Value 1,171.28 0.89
Annualized Increase 0.03
Degradation Rate 113.43%
Adjusted RSL 9.1
Adjusted Alpha 1.49 1.66
Adjusted Beta 0.81 0.7
SL Reduction 1.22 1.22 2.83

Annual Risk Premium 12,538




STEP 6B. CALCULATE CLIMATE IMPACT METRICS -
sy FOR ABRUPT DAMAGE TYPES

For abrupt damage mode types, calculate service life reduction
as follows:

« Service Life Reduction: If RSL =<0, O, else RemainingServicelLife X DamagelLikelihood X
365—ClimateValueChange)365)

365

DamageFactor X (1 —(
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2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060

50th Percentile  =e= 90th Percentile

Damage Modes
Climate Variable Max Temperature Cooling Degree Days Rainfall (in/day) Totals
Damage Mode Excessive Runtime for HVAC Cooling System Excessive Runtime for HVAC Cooling Systems Water infiltration and flooding cause damage to
interiors and services
Damage Type Abrupt Gradual Abrupt
Damage Effect Condition Loss Service Life Reduction Condition Loss
Threshold 100 65 6
Damage Likelihood 0.75 0.25 0.25
Damage Extent 0.05 0.5 0.8
Baseline 12.16 923.22 0.00
50th Percentile
Climate Value 17 1,020.53
Annualized Increase 0.01
Degradation Rate 105.27%
Adjusted RSL 9.81
Adjusted Alpha 1.43
Adjusted Beta 0.85 0.83
SL Reduction 0.38 0.52 0.9
Annual Risk Premium 3,997
90th Percentile
Climate Value 30.1 1,171.28 0.89
Annualized Increase 0.03
Degradation Rate 113.43%
Adjusted RSL 9.1
Adjusted Alpha 1.49 1.66
Adjusted Beta 0.81 0.7
SL Reduction 0.39 1.22 1.22 2.83

Annual Risk Premium

12,538



STEP 7. AGGREGATE SERVICE LIFE REDUCTION
sy ACROSS ALL DAMAGE MODES

If there are multiple damage modes applicable for a component,
aggregate service life reduction across all n damage modes:

 Total Service Life Reduction: Y.} ServiceLifeReduction
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2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060

50th Percentile  =e= 90th Percentile

Damage Modes
Climate Variable Max Temperature Cooling Degree Days Rainfall (in/day) Totals
Damage Mode Excessive Runtime for HVAC Cooling System Excessive Runtime for HVAC Cooling Systems Water infiltration and flooding cause damage to
interiors and services
Damage Type Abrupt Gradual Abrupt
Damage Effect Condition Loss Service Life Reduction Condition Loss
Threshold 100 65 6
Damage Likelihood 0.75 0.25 0.25
Damage Extent 0.05 0.5 0.8
Baseline 12.16 923.22 0.00
50th Percentile
Climate Value 17 1,020.53
Annualized Increase 0.01
Degradation Rate 105.27%
Adjusted RSL 9.81
Adjusted Alpha 1.43
Adjusted Beta 0.85 0.83
SL Reduction 0.38 0.52 0.9
Annual Risk Premium 3,997
90th Percentile
Climate Value 30.1 1,171.28 0.89
Annualized Increase 0.03
Degradation Rate 113.43%
Adjusted RSL 9.1
Adjusted Alpha 1.49 1.66
Adjusted Beta 0.81 0.7
SL Reduction 0.39 1.22 1.22 2.83

Annual Risk Premium

12,538



STEP 8. CALCULATE WEATHER ADJ. DEGRADATION
sy PARAMETERS ACROSS ALL DAMAGE MODES

« Total Adjusted RSL.:
— RSL — TotalServiceLifeReduction
« Total Adjusted Beta:

— If RSL > 0, then

« Total Adjusted Alpha:

Lo ( Lo (CurrentCl 100 ) CurrentAge )
g g 100 " DesignLifexTotalAd justedBeta

Current Age+Total Adjusted RSL
DesignlLife

. else beta

" Clterminal
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WELDER

Scenario
IMCOM_B30_only
Only B30 for all of IMCOM

Years Hazards
3

Filter
Systems All

Components All

Component Details
Component ) : D3030 COOLING GENERATING SYSTEMS
Material Category (@ : D303001 CHILLED WATER SYSTEMS
Component Type: Cooling Tower, Stainless Steel - 1000 TN
Year Built: 2019
Age: 3
Design Life: 15

Quantity: @ : TEA

100

Values

2022 2023 2024 2025 2026 2027 2028 2029 2030

Initial Values  -#= 90th Percentile

Climate Variable Damage Mode @

Max Temperature Excessive Runtime for HVAC Cooling Systems

Cooling Degree Days Excessive Runtime for HVAC Cooling Systems

Rainfall (in/day) Water infiltration and flooding cause damage to interiors and services

@ Climate Recon

Risk Analysis

CRV (D : $686,880

Risk Premium
$3,997

Service Life Reduction
0.90 yr

2.83 yr

50th Percentile
@ 90th Percentile

Percentile: 50% (90%) likelihood that the actual risk premium/service life reduction falls below the estimated
risk premium.

Projected Condition

(?) Help/Documentation [> Log Out

Risk Rating ®

High

Medium
Very High

2031 2032 2033 2034 2035 2036 2037 2038

50th Percentile

Component Specific Damage

Damage Type @ Damage Effect @

Abrupt Condition Loss 100
Gradual Service Life Reduction 65

Abrupt Condition Loss 6

Threshold @

* —

2039 2040 2041 2042

SL Reduction

0.38

0.52



U.S. ARMY

STEP 9. CALCULATE ANNUAL RISK PREMIUM

Annual Risk Premium:
ComponentReplaceValue X TotalServiceLifeReduction

DesignLife x RemainingServicelLife

33




WELDER

€Q Climate Recon (?) Help/Documentation [> Log Out

Scenario
IMCOM_B30_only
Only B30 for all of IMCOM

Years Hazards
3

Filter
Systems All

Components All

Component Details
Component ) : D3030 COOLING GENERATING SYSTEMS
Material Category (@ : D303001 CHILLED WATER SYSTEMS
Component Type: Cooling Tower, Stainless Steel - 1000 TN
Year Built: 2019
Age: 3
Design Life: 15

Quantity: @ : TEA

100

Values

2022 2023 2024 2025 2026 2027 2028 2029 2030

Initial Values

Climate Variable Damage Mode @

Max Temperature Excessive Runtime for HVAC Cooling Systems

Cooling Degree Days Excessive Runtime for HVAC Cooling Systems

Rainfall (in/day) Water infiltration and flooding cause damage to interiors and services

Risk Analysis
CRV (D : $686,880
Risk Premium Risk Rating ®

$3,997

Medium

High

Very High

Low
v au Very L
0.90 yr LA —
2.83yr

50th Percentile
@ 90th Percentile

Percentile: 50% (90%) likelihood that the actual risk premium/service life reduction falls below the estimated
risk premium.

Projected Condition

* —

2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042

-+~ 90th Percentile 50th Percentile

Component Specific Damage

Damage Type @ Damage Effect @ Threshold @ SL Reduction @
Abrupt Condition Loss 100 0.38
Gradual Service Life Reduction 65 0.52

Abrupt Condition Loss 6



SUMMARY e
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| Incorporate impacts of climate risk
on facility condition

Evaluate climate scenarios to
iIdentify potential work requirements

Prioritize faclility investments that
lower risk and improve resilience

: : NATIONAL sences
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