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Examples of Integrated Asset Management

e |daho DOT

o State-of-the-Art PMS Integer Optimization
Analysis and Integrated MMS

o0 adding Fleet and Network Manager

e North Carolina DOT

o Integer Optimization PMS, MMS, BMS and
Asset Trade-off Analysis

o adding Mobility Analysis
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Idaho DOT — First Steps Toward
an Integrated AMS
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Asset Management System Dashboard
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Integer Optimization Analysis Better
than Incremental Benefit/Cost Analysis

o State DOT clients desired multi-constraint
analysis
O maintain certain average condition, AND
0 no more that X% deficient lane mileage

 Precluded the use of Incremental Benefit Cost
method because it can only analyze one
constraint at a time

 To meet these needs AgileAssets developed
an Integer programming based optimization
method to allow these types of analysis
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Multi-year Analysis

 We expanded the analysis to look at
alternative treatment strategies for each

pavement section rather than single treatments
on a year by year basis

e How do we do this?

o0 We substitute the idea of a section strategy in place
of a section treatment as the analysis variable

0 Strategies are a treatment plan for the section
across all analysis years

s1cAssers
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Strategies

Tee

Condition

Multi Year Analysis allows us to better compare the effect of the
different treatment timings on the network

Years

s1cAssers
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Optimization Analysis

Output
Projected

Condition Condition Other Pavement
Data Indexes Data

/ \ Conditions
Integer Solver & Budgets

Predicted Decision
Condition NGCES

Section
Strategies
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= Management

Setup || Results || Consir Results || Report

<]|1 [Ba][=](=J37 pages (330 rows)

Plan Year ] Budget Group [Treatment [Estimated Cost [Route +]Direction | Lane 4|Begin Mile 4{End Mile #|Length [MWP Project Status [Pri
1 Preservation - PN RC - Surface Coat 5211,200.00 1015 Asc. All 36 39.75 3.75 Scenaric Recommended
1 Preservation - 1R RC - 1R Thin Restoration $2,289,408.00 1015 Asc. All 46.67 548 8.13 Scenario Recommended
1 Prezervation - 1R RC - 1R Thin Restoration $1,658,624.00 1015 Asc. All 76.01 819 5.89 Scenarie Recommended
1 Restoration RC - 3R CRABS/RABS $1,719,163.00 1015 Asc. All 819 856 3.7 Scenaric Recommended
1 Preservation - PM RC - Surface Coat £191,037.00 1015 Asc, All 92.48 95.872 3.382 Scenario Recommended
1 Preservation - 1R RC - 1R Thin Restoration Floating Map
1 Preservation - PM RC - Surface Coat ' -
Themes Seale: 1:1,690,585 O, @) I\ ; PRl ty E]
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Routes Y. o " Big Hole -
1 Preservation - 1R RC - 1R Thin Restoration 4 d fH-uu Mountaing
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ldaho Integration Example

 Integrated PMS and MMS

o MMS Activities incorporated into PMS
Decision Trees

Fleet Management

Analysis Database

Pavement Mgmnt

HPMS  KPI's

Resources

Reports S Ltiliti

Road Maintenance

System

E Treatments
* Treatment

* Treatment Name

1R- Hot in Place Recycle with Overlay

1R- Leveling Course with Surface Coat
1R- Mill and Inlay

1R- Minor Slab Replacement (Concrete)
1R- Rut Filling with 1R

1R- Rut Filling with Microresurfacing
1R- Rut Filling with Surface Coat

1R- Hot in Place Recycle with Overlay

1R- Leveling Course with Microresurface 1R- Leveling Course with Microresurface

1R- Leveling Course with Surface Coat
1R- Mill and Inlay

1R- Minor Slab Replacement (Concrete)
1R- Rut Filling with 1R

1R- Rut Filling with Microresurfacing
1R- Rut Filling with Surface Coat

1R- Thick Plant Mix Overlay (0.15' or greater) 1R- Thick Plant Mix Overlay (0.15' or greater)

B nETWORK MASTER

B Decision Trees
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Rows 1-9 of 52 total rows
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Performance Model Type:
ITD - Flexible - 3R Restoration (CRABS/RABS)
ITD - Flexible - Sur...
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ldaho Integration Example

« MMS maintenance work integrated with
construction history in PMS

Fleet Management Pavement Mgmnt Resources Road Maintenance System

Analysis Database HPMS KPI's Reports Setup Utilities ITD Help

BMMs Activities
* Activity *Work Code | Treatment Typical Section Pavement Type User Update |Date Update [Comments Att.
131 - Slab Replacement (Square Yard) |v R 1R- Minor Slab Repl:vl |v| Rigid v RA 010
M112 - Inlay Patch (Ton ) |v| RM2 Reclamation Patchinvl |v| Flexible v'| KSTRAUSS  7/23/2010
M113-ASPHALT OVERLAYS (Ton ) |y | PM2 Thin Plan Mix Overly | || Flexivle v | KSTRAUSS 712312010
M116 - BASE REPAIR OF ASPHALT RDA[| v'l PM1 Open Graded Frictiovl |v| Flexible v'| KSTRAUSS  7/23/2010
M117 - ASPHALT CRACK SEALING OR Fl | RM1 Crack Sealing (Asphy | || Flexivle v | KSTRAUSS 712312010
M119 - FOG OR CHIP SEAL OF ASPHALH v'l SC3 Sealcoat (Chip Seal)s, | |v | Flexible W | KSTRAUSS  7/23/2010
M132 - CONCRETE PAVEMENT JOINT SE | CS1 Crack Sealing (Concy, | || Rigia v | KSTRAUSS 712312010
M136 - SHALLOW CONCRETE PAVEMEH v'l MNCR4 3R- Concrete Rehabvl |v| Rigid v'| KSTRAUSS  7/23/2010
M115 - CONTRACT SLURRY SEAL OR Ml y| SC1 Slurry Seals v] || Flexivle v | KSTRAUSS 712612010
M137 - CONTRACT GRINDING !SURFAC| v'l MNCR1 Grind and Joint Sealvl |v| Rigid v'| KSTRAUSS  7/26/2010

s1cAssers
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Construction History Review

: Management

g Fleet Management Pavement Mgmnt Resources Road Maintenance System
™ Database HPMS KPI's Repors Setup Ulilities ITD Help
° B Location B partitions
+) =1 [Ea)(=][==1 pages (1 rows) ==l (Ea)(=) =3 pages| <[] 1 (&) [=)==)4 pages (12 rows)
ﬁ Route 1015 v - Begin Mile+|End Mile |La Contract name |Year Completion+|Layer+| Material Code |Thickness {in) |Work Type Work
> Direction Asc. v 3 0.0 10.0 | p HO15(M(006)} 2011 1 Asphalt 3 Rehabiltation
2] Lane 1 (Outer/Right-mostlane) E 10.0 16.0 BB0Z(1MD-15-1(129707 2004 Pr swettT Data table
~ i L {1MD-15-1(129)0} : iltati
g Begin Mile 0 16.0 16.184 8502(1MD-15-1{12910 2004 1 Asphalt 4.7 Rehabiltation
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ldaho Network Management

* Linear Referencing System for MMS and
PMS integrated with Network Manager

-86 E American Falls IC #40 7& s
BR-1721(102), AO09(887) K#0B671 & 09887~ wiwsueo ™
American Falls, Power County, District 5.~ W=7 5 e w Import or draw
Effective 07/17/2011 = e '
active = new alignments
o 7o e
i Efid Bus Leon
oot
Delete or rename
"FLZ’. \ 4 Old allgnments
s "' : /*-_\\.;\_ E i
Add nodes where [ Sl e R
change starts/ends | TR S
/ E Snraeey
CorAssers”
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North Carolina DOT —
Integrated Asset Management
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2005 | 2006 2007 | 2008 | 2009 2010 2011 | 2012

Maintenance Pavement Bridge & Asset Trade-Off
Management System! {Management System! {  Management Systems

Modular Framework of NCDOT’s Web-Based
Integrated Asset Management System Mobility

Asset
Trade-Off

Pavement
Manager

Interface

Fleet,

Equipment,
Materials,
Labor

o1 ASSETS
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NCDOT Integration Example

 Ability to create MMS Work Orders from
PMS or BMS plans

I [ BMS Work Plan 3.wo » \ElR LR A1

2 vega.dellanahome.com:8
(1 Websites I"Jlnsperﬂepm Dfosﬁuﬂ! DGma[e Ellml’mgrmmju

Asset P.'1ar|aqn=munr. b\-st: m [ams- uj;u"':‘] [Prudm.lmn gﬂMq N(. 06 (I
Roadway Maintenance Resources Bridge TradeOff System

Utilit:

2012 [=] Test BMS to MMS [=]

B BMS ltems
1= [&][=)(=]2 pages (18 rows)
Inventory Assalﬂh\mmng_' Element |Work Function ﬂplun Amount |Total Cost IPHm Year ﬂmlmstmm Unit
» 169681 BO15 0011 3304-Malntain/Replace Timber Superstructure Components (LFT) $1.379.70 2012 01/1 Camden Mnt
169679 B015 0009 3306-Maintain Concrete Superstructure Components (SFT) $4,2258.00 2012 01/1 Camden Mnt
169678 B015 0008 3306-Maintain Concrete Superstructure Components (SFT) $7,436.80 2012 01 1 Camden Mnt
169677 B015 0007 3306-Maintain Concrete Superstructure Components (SFT) $385.56 2012 0171 Camden Mnt
169674 B015 0003 3306-Maintain Concrete Superstructure Components (SFT) $344.08 2012 01/1 Camden Mnt
- 169673 BO15 0002 3306-Maintain Concrete Superstructure Components (SFT) $7.800.00 2012 01 11 Camden Mnt
.ocation Reference
CLRM | 169683 B015 0016 3326-Maintain Concrete Deck (SFT) 88218 5844 67 2012 01 11 Camden Mnt
S 169682 B0150013 3326-Maintain Concrele Deck (SFT) 7.6471 sraza 2012 0171 Camden Mnt
LOI0r ma
Green | w 169681 B0O15 0011 3326-Maintain Concrete Deck (SFT) 155937 $1493.10 2012 01 1 Camden Mnt
|
169679 BO15 0009 3326-Maintain Concrete Deck (SFT) 441567 54.228.00 2012 01 1 Camden Mnt
3 New I g
g ilizatlessaze 160678 B015 0008 3326-Maintain Concrate Deck (SFT) 776689 $743680 2012 01/1 Camden Mnt
| Design Mode 169677 B015 0007 3326-Maintain Concrete Deck (SFT) 30.2964 5290088 2012 01/1 Camden Mnt
169674 BO15 0003 3326-Maintain Concrete Deck (SFT) 16.0075 $153272 2012 01 1 Camden Mnt
169673 BO15 0002 3326-Maintain Concrete Deck (SFT) 814621 57.800.00 2012 01 1 Camden Mnt
‘ m
pages (13 rows) - & [ = ]{==|0 pages (0 rows)
mﬂﬂ& Function Jj O-In-house 1-contract: Route/Co |Lnne Direction |Lﬂna From M
» 663572 Sections 2816-Asphalt Pavement Repair/ Paiching
665648 3112 L e/ Rec ction
@m 785364 Sections 3102-Removal of Hazards/Debris From ROW
785375 Sections 2900-Grass Mowing
. = 5 R i
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Bridge Analyst Implementation

21,000 Bridges

Funding Is insufficient and NC Bridge
population Is aging
A Bridge Management System was needed
[{e]:
o show the long-term trends developing and
o maximize the public benefit of the limited
budget

Bridge Analyst Module with Integer
Optimization was added

©AgileAssets Inc. Maximize Public Benefit www.AgileAssets.com



Needed Budgets to Maintain LOS

Maintain Deck Rating @ 5.5

$70,000,000 9
$60,000,000 -8
- o0
$50,000,000 - -
L6 &
£ $40,000,000 S
3 R
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<
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@ $30,000,000
Budget e=fll==Condition
$20,000,000
$10,000,000
$0
o1 ASSETS
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Maximize Public Benefit

Maintain Deck Rating @ 6.0

2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026

I Budget e=ll==Condition

www.AgileAssets.com

Deck Condtion Rating



Analyze Recommended Strategy

STRUCTURE LIFE CYCLE ANALYSIS REPORT

STRUCTURE#:140021
SCENARIO NAME :Maximize Network Condition given Budget (LC: 35 Years) 2011 TO 2046

250,000 - & 107

- = 12.5
8 200,000- Y

E—_{ = 10.0 1

E 150,000 - ,ﬁ 75

'g 100,000 - :E 5.0 1

F 50,000- £ 254
-7}

0-% 0.0

1 2 3 4 5 6 7 8 9 1011121314151617181920212223242526272829303132333435

-B- Remaining Service Life [l (RHB) DC - Patch Spalls. Epoxy Injection. Guniting (condition 4)

(RHB) SUPERST - ST - Restore Cross Section. Repair Bearing Area (condition 4) (RHB) SUBST-T - Replace Affected members (condition 5)
[ (PRS) SUPERST - ST - Spot Clean and Paint (condition 6) (PRS) DC - Minor Patching. Crack Sealing (condition 6)

(PRS) DC - Deck Sealers\Joints (conditions 7-8) [l (RHB) SUPERST - ST - Restore Cross Section. Repair Bearing Area (condition 5)

ECONOMIC ANALYSIS RESULTS

Net Present Worth of Costs by Work & Element Cost Analysis Benefit Analysis - Structure Condition
SCENARIO ID : 760 SCENARIO NAME : Maximize Network Condition given Budget (LC: 35 Years)
ErEsens Rehab. Number of Years in Analysis : 35 Element ettt During Life Cycle
Average Interest Rate - 3% Inspection | N | Ave | MAX | END
Deck $ 285426 $ 161,809 $ 447 235
Average Inflation Rate : 1% Deck 4.00 467 6.36 7.00 | 6.04
SubSt. $0 $ 366,000 $ 366,000
| | Net Present Worth of all Costs (NPW) : $ 1,442 536 SuperSt. 4.00 5.05 552 599 | 591
SuperSt TR o At Equivalent Uniform Annual Cost (EUAC) - $67,135 SubSt. 5.00 503 555 6.00 | 5.70
$522,641 | $919,895 | $ 1,442,536 Annual User Cost Savings (EUAUC) - See NM RSL 8.00 890 | 1147 | 1435|1395




Integrated Asset Management Vision

AssedradecfiFAnalyVsisi(ATOA)

Bridges Pavement || Maintenance || Mobility Safety

Performance Performance Performance Performance Performance
Based Based Based Based Based
Policies & Policies & Policies & Policies & Policies &
Work Plans Work Plans Work Plans Work Plans Work Plans

s1cAssers
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Asset Tradeoff Analysis

o Strategies

— Network Super-Strategies (options)

Pavement NetworkStrategy

Project Strategy
Condition ‘

Time

Time

|

1

|

|

1

| Project Strategy

[

| ConditionT | =
| >| I
|

1

|

[

dge Network Strategy

| Project Strategy
Project Strategy | |
| Coridition
Condition | )
> |

s1cAssers

BRYiTEASsets Inc.

I Time

Time

I Project Strategy

|

| Condition

I >

Maximize Public Benefit

|
|
|
|
. | Project Strategy :
| ConditionT I
I > |
|
|
|
|
|

Overall Network
Super-Strategy

[ e o
|
|
I Pavement Network Strategy
I [ S S e e e _I
1 1 Project Strategy I
1 1
|
| 1 Time .
|1 Project Strategy  IBridge Network Strategy
11 l '
I I Tligme-  Sirat || Project Strategy |
roject Strate:
) gy Il |
1 1
I || Time |
| — e mliME = = = o Project Strategy |
I ' - '
Time |
| | Project Strategy
| | —Time . = _I
| .
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Asset Tradeoff Analysis

S0 a whole Super-Strategy Is condensed
to a ‘little green dot’!

Overall Network
Super-Strategy

|
Project Strategy I
b I

T

|

|

I ime )

I Project strategy  IBridge Network Strategy
| i-= T '

I ime j I

|

|

s1cAssers l
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Asset Tradeoff Analysis

o Super-Strategies (NC example)

—_— Budgets for Selected Combination
Start Year 2011 Number of Years |1p Build Super Scenario Ye:rs Al Years |E|
Avg Utility || Utility By Year | S—
- Budget per Discipline
Utility 5000000000 {201 Years
90 All Scenarios - Utility Function B Eridge
= 4000000000 - O Paveiert
o5 3000000000 -
S 75 2000000000 4
Té' 70+ & & ¢ 10000000001
E s @0 © 0 - o
g ® 0 ® O -
@ B0 ¥
55_ . s _ =
Budget per Division
50_
700000000 All Years
43 e S S e e e e L s e e e e L S S e S S S :
“ X - 7 7 7, 600000000 B 01 Div Adm
J% '%: ot % qéb 3&@, ‘@@, 00000000+ @ 02 Div Adm
al Budget 3 03 Div Adm
- 400000000 4 O 04 Div Adm
: ' 300000000 gg g 20'"1
Budgetsiindices By Year: 200000000 4 ! i
57531 Type J Deck Condition (¥) Weighted Avg EI =i
= = 100000000 4 0 08 Div Adm
g 2| D 09 Div Adm
Statewide 01 Div Adm o & 10 Div Adm
70 Deck Condition (#) Weighted Avg 7 Deck Condition (#) Weighted Avg h
69 544 Click On Division to Refresh Division Graph
7 B Scenario Data
e 6.5 < [Ga)(>](2]172 pages (1200 rows)
674 G int Column 4| Division 4{Plan Year4|VALUE |[Constr. Type |Scenario #
6.74 i o = | |» Average Index (BMS) 01 Div Adm 2009 6.3576 Weighted Avg BMS - Tradeof Templ
6.5 3.5 Average Index (BEMS) 01 Div Adm 2010 6.2658 Weighted Avg BMS - Tradeoff Templ
55 ' Average Index (EMS) 01 Div Adm 2011 6.1875 Woeighted Avg BMS - Tradeoff Templ
’ 6.4
64 Average Index (BMS) 01 Div Adm 2012  6.0319 Weighted Avg BMS - Tradeoff Templ
4 53
Average Index (EMS) 01 Div Adm 2013  5.8906 Weighted Avg BMS - Tradeoff Templ
63 T T T T T 6.2 T T T T T
‘b’e ,3,’& ‘bf,’ ‘b’.r ‘b’e ,b]) ,3,"9 ‘b’e ,%,0 b’v ‘b{r ‘b’a\ ,b/) ‘bl& Average Index (BMS) 01 Div Adm 2014 5.8289 Weighted Avg BMS - Tradeoff Templ
i h Average Index (BMS) 01 Div Adm 2015 5.83 Weighted Avg BMS - Tradeoff Templ
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Budgets for Selected Combination

| Build Super Scenaro ] Yaars Al Years EI
B Budget per Discipline
: 5000000000 All Years
tion @ 6ridge
O Pavement
=
I
{
Budget per Division
700000000 All Years
%%% 600000000 @ 01 Div Adm
—— i - 1 02 Div &dm
=1l { B 03 Div Adm
- 400000000 0O 04 Div Adm
- 300000000 @ 05 Div Acm
O 08 Div Adm
200000000 0 07 Div Adm
100000000 O 08 Div Adm
. = 0 [ 09 Div Adm
)1 Div Adm ' o @ 10 Div Adm
Jeck Condition (¥) Weighted Avg 4
Click On Dnision to Refresh Drvision Graph




Tradeoff Analysis Sources

e S0 where do the candidate projects
come from?

* The current process Is:

Pavement
Management
System

Bridge Tradeoff

Analysis

Management
System

Maintenance
Management

L1 ASSETS System

O©AgileAssets Inc. Maximize Public Benefit www.AgileAssets.com




e Pavement

e Bridge

e Maintenance
e Mobility

o Safety

o Each individual area contributes multiple
optimized budget plans to cover a range of
possible funding scenarios...

O©AgileAssets Inc. Maximize Public Benefit www.AgileAssets.com



Mobility Analyst — The Goal

Optimize Mobility
Recommendation of Congestion Mitigation Strategies

Economic Evaluation of Congestion Mitigation
Strategies

Mobility Improvement Program
Road Widening

Managed (HOV/HOT) Lanes
Traffic incident management
Traveler information services
Road weather management

Etc.

O O O 0O O O

s1cAssers
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Mobility Analyst Interfaces

Trade-Off

Microscopic
Simulation
Analysis

Mobility Analyst

Performance Based
Policies & Work Plans

Travel

Demand Traffic

Models Volumes

s1cAssers
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Develop Work Programs

 Based on Optimization Analysis
— Prepare Optimal Work Plans
— Evaluate Existing Work Plans

Analysis Reports

Maintenance LOS Analysis
Short Term Analysis

Long Term Analysis
Master Work Plan

*  Performance Analysis

Optimization Analysis

Detailed Optimization Results

s1cAssers
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Why Does Best in Class Analysis Matter?

 Setup Graph Report
| setup || Graph || Data
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Why Does Best in Class Analysis Matter?
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Summary of Asset Management Components &\

Trade-Off
Analysis

OPTIMIZATION

Bridge Pavement Safety Mobility
Analyst Analyst Analyst Analyst

e [ oo
MAINTENANCE
oty | | v | s
Crossings

INVENTORY Asset Data Mobile
CORE DATA Legacy Asset
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