Module 2

Development of the CTDOT ABC
Decision Matrix
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Timothy D. Fields, P.E. B METa:. ¥

Transportation Principal Engineer
Division of Bridges - Major Structures

Connecticut DOT’'s ABC Decision
Process

ABC Decision Matrix developed as a collaborative process with major
assistance From Mike Culmo, P.E. with CHA Consulting, Inc.

Development occurred over 3 year period
Used on pilot basis during refinement prior to official release

ABC Decision Matrix officially released November 2017 with mandate for
use in CTDOT bridge design projects

Now used in preliminary design of all bridge projects involving replacemenwn
of bridge deck, superstructure, and entire bridge 7
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Benefits of ABC
From FHWA ABC Website

« ABC improves:

— Site Constructability

— Total project delivery time

- Work-zone safety for the traveling public
+ ABC reduces:

— Traffic Impacts

— Onsite construction time

— Weather-related time delays

Any decision to use ABC should be based on these benefits

Connecticut Department of Transportation

Implementation of ABC at CTDOT

« CTDOT understood the benefits of ABC
« There was a need to develop a decision process to
use ABC wisely
— Early ABC projects were successful, but expensive

— There was a need to weigh the benefits for decisions,
but also consider the costs of ABC
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Building on work by others

There were several ABC decision processes in use
across the United States

— Some simple (FHWA, Utah DOT)

— Others more complex (Oregon: Analytical Hierarchy Process)

Simple process
— Easy to use
- May not factor in all the desired aspects of the decision
process (i.e. Cost)
Complex Process
— Provides a more detailed justification

— Not justified at the decision process milestone (not all
information is determined yet)

— Too onerous
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CTDOT Approach

« Middle ground approach

- Keep it relatively simple:
e Use aspects of the UTAH matrix
e Weighted scoring algorithm

— Develop a simplified road user impact process
— Account for total project costs

— Offset ABC costs with costs that can be reduced
or eliminated with ABC
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CTDOT Approach to User Impacts

User costs
— Some states calculate user costs
— Good tool for political justification of ABC

— Problem:

e You cannot spend user costs (not a real cost to
the DOT)

e Approach to calculating user costs vary widely.
— What is important?

o Impact of ABC on road users, environment, etc.

e The ratio of impacts is more important than the

$$
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» User cost impact ratio approach
— Compare aggregate road user impacts
for ABC versus conventional construction
e Calculated in person days

e Add up impacts to travelers on the bridge
and below the bridge

e Calculate a percent increase or reduction
— Key factors needed

e ADT for all roadways

e Delay time for all roadways

Connecticut Department of Transportation




roach to cost analysis

Ways to save $$ with ABC

e Reduced Construction Management Costs
— Field Inspectors: Less time on the job

— Backoffice staff: Reduced number of invoices and
reports

Field office and equipment rental: Reduced
number of months

e Reduced Traffic Management Costs
— Temporary signals
— Flagging and police
— Multiple stages of construction
Elimination of Temporary Bridges

Elimination of overbuilds to accommodate
construction stages

Connecticut Department of Transportation

CTDOT Approach to cost analysi

Cost analysis example

Preliminary Cost Evaluation Net time savings for ABC = 12.0 months
Estimated conventional construction project cost = Esti
Required Bridge $2,000,000
Overbuild " .
MPT savings with ABC
Total tional bridge cost [ s2o000000 |
otal conventions! bridge cos $2,000,000 Things that you can eliminate from conventional construction by using ABC
Overbuild for staging
Estimated CE&I Costs per month Temporary bridge
Field office monthly cost $2,000 Temporary signal
CE&I staff monthly cost (field plus main office) 540,000 Other |
Total CE&I Manthly Cost = 542,000 Total MPT Savings with ABC

d Percent Premium for ABC = 20%

Cost analysis

Premium for ABC = $400.000
CEIl Cost Savings = $504.000
MPT savings with ABC = $40,000

Net cost change for ABC =
ABC is less expensive than conventional

Net percent of conw nal cost =

g9

CTDOT ABC Matrix Screen Shots
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Weighted Scoring Algorithm

Score each aspect on a scale : T

S
Of 1 = 5 [Average Daily Traffic o

User Impact Reduction
Bridge Location

Apply weights to each factor being Use of Typeal Detalls
considered o oo
Railroad \mp_acts

Multiply the score by the weight o i Handing ;
[Waterway Limitations [

Normalize the total to a scale of Tolal Score 340
1:100

30
120
20
20
24
15
]
120

Dchouuhhbug

ABC Rating Scale

Why weight factors? SO0 [Use ABT

50-60 (Consider ABC

- Some aspects of the decision 250 [Ponoluse ABC

i h :
g{ﬁgfgij;ﬁemggiémgzr;?nt than CTDOT ABC Matrix Screen Shot

— There is no one equation that works
for; all states as every state has
different goals in'an ABC program
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Weighted Factors

Average Daily Traffic

e The goal of this measure is to account for the number of vehicles that are
traversing the construction site. The value used should account for vehicles
on the bridge and vehicles under the bridge (overpass structures).

e Weight Factor: 10/108
— memcre e |[Avorage Daily Trafic [ | o vfic impact
N Combined traffic on and under Less than 10000
Brankord 195 |9 @ 10000 to 40000

e 40000 to 70000
70000 to 100000

More than 100000
‘ h” CTDOT ABC Matrix Screen Shot

CTDOT Traffic Count Website Connecticut Department of Transportation




eighted Fact

User Impact Reduction

e This value is a percent reduction of the time it takes for ABC construction compared to
conventional construction.

e The spreadsheet calculates the appropriate value based on the input.
e Weight Factor: 30/108 (one of the highest weight factors)

Roatviay on BridGs User Impact Reduction _ Zero
Average Dally Traffic [ venictes perazy Calculated by spreadsheet 1% to 20%
Ci 1t I C tructi 9 9
i o s 21% to 40%
Sonstutn g Durton s 41% to 60%
61% to 80%

Delay Time (Per Delay Time Sheets) minutes
Construction Impact Duration Days 81% to 100%

Aggregate Impact Time o Person Days

Roadway Below Bridge [ ]

CTDOT ABC Matrix Screen Shots

Average Daily Traffic [ lvenicles per day
Conventional Construction
Delay Time (Per Delay Time Sheets)| minutes
Construction Impact Duration Days
Aggregate Impact Time 0 Person Days
Delay Time (Per Delay Time Sheets)| minutes
Construction Impact Duration Days

Aggregate Impact Time [ Person Days

in impact Time
Conventional Construction
Total Aggregate Impact Time 0 Person Days

ABC
Total Aggregate Impact Time 0 Person Days

[User Impact #DIVIO!

Note: Negalive value indicated that ABG hias more impact ‘ Connecticut Depa rtment Of Tl’anSpOl’tatiOn

eighted Factor

User Impact Example

Site Information Roadway on Bridge
Project Description:

Short span bridge replacement

‘Brldge over a waterway Average Daily Traffic 7000 vehicles per day

Prop. ABC Method: Conventional Construction
;ﬁ;ﬁ: Bi{a‘;:‘:z"“mm Delay Time (Per Delay Time Sheets) minutes
Detour traffic. Construction Impact Duration 300 Days
Aggregate Impact Time 4375 Person Days

Conventional Construction Method: Delay Time (Per Delay Time Sheets) minutes

Staged construction .
One lane atemating trafic Construction Impact Duration Days
Aggregate Impact Time 1167 Person Days

Percent Reduction in Aggregate Impact Time
Conventional Construction

Total Aggregate Impact Time 4375 Person Days
ABC
Total Aggregate Impact Time 1167 Person Days

[User Impact Reduction 73% |
Note: Megative value indicated that ABC has more impact

CTDOT ABC Matrix Screen Shots
Connecticut Department of Transportation




Weighted Factors

Bridge Location

e This is a measure of the location relative to the surrounding community and
the impact on the economy when there is construction work on the bridge. A
location that is vital to a connection to other transit would rate high in use of
ABC. A location nearby a hospital would equally rate high.

e Weight Factor: 5/108

Bridge Location Rural Bridge away from town center
Stakeholder Impact Rural bridge near town center
2 Suburban bridge away from town center
Suburban bridge near major traffic g
Urban Bridge near major traffic generato
Urban Bridge near emergency s

CTDOT ABC Matrix Screen Shot
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Weighted Factors

Use of Typical Details

e The complexity of design is a factor we use to calculate the ability to utilize
ABC. A site with simple geometry rates high while a site with complex
geometry rates low.

e Weight Factor: 5/108

Use of Typical Details Complex and unfavorable geometry
2 Curved and skewed bridges
Curved bridg
Skewed Bridges
Simple geometry well suited for typical details

CTDOT ABC Matrix Screen Shot
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Weighted Factors

Work Zone Geometry

e This measure pertains to safety both for workers and motorists.

e For example: With alternating one-way traffic the potential for an accident is
greater than if a project is constructed with a detour.

o Weight Factor: 8/108

Work Zone Geometry I:l Short duration project with good geometry & flow
Detour quality and/or 2 Short duration p ith netry & flow
MPT Quality 3 Awerage project duration with average geometry & flow

Long duration pr with moderate geometry & flow
Long duration project with complex geometry & flow

CTDOT ABC Matrix Screen Shot
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Weighted Factors

Site Conditions

e This is a measure of site restrictions and how limited ROW or significant
utilities impacts construction of the project.
Numerous utilities could severely influence the ability to use ABC
construction.

Restrictive ROW (e.g. building that cannot be acquired) prohibits the use of
certain types of ABC construction like lateral slides, potentially SPMT moves
or crane placement for prefabricated bridge units.

Weight Factor: 5/108

Site Conditions |:| significant i n work
Utiliti W/Env. Compliance moderate co imitations for portions of the work

minor construction limitations
Mo Res

CTDOT ABC Matrix Screen Shot
Connecticut Department of Transportation




Weighted Factors

Railroad Impacts
e This is a measure of the importance of maintaining rail traffic.

e A high volume of rail traffic or important rail lines benefit highly from ABC
construction techniques.

e An important rail line is defined as one that has significant influence on
commuters or the economic vitality of the region it serves.

e Weight Factor: 5/108

Railroad Impacts ] No Railroad (entry of 0 = not
Freight S1dmg [Less Teek)
Light Freight {1 Train per week to 1 Train per day)
Heavy Freight (More than 1 Train per day)
Commuter rail

Electrified Commuter Rail

CTDOT ABC Matrix Screen Shot
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Weighted Factors

Cost Analysis
This is comparative measure between the additional costs associated with
ABC methodology related to the additional cost of conventional construction.

The cost factor is generated from Sheet 2 and shown to the left of the input
box.

CTDOT is willing to spend a measured premium if other factors are high
Weight Factor: 30/108 (one of the highest weight factors)

Cost Analysis
Factor =
MNet percentage of




Weighted Factors

Environmental/Water Handling Impacts

e This is a measure of the impact on time-of-year limitations for in-water
work in watercourses.

Typically, in-water work is required for installation and removal of
cofferdams, and diversion pipes and other water handling measures.

Water handling measures may be less costly on a project where shorter
water diversion duration is possible and where a lower design storm
frequency may be used.

Weight Factor: 5/108
Envir. 'Water Handling _

moderate construction limitations for portions of the work

significant limitations on work
CTDOT ABC Matrix Screen Shot
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Weighted Factors

Waterway Limitations

e This is a measure of the functional significance of a waterway beneath a
structure and the degree to which restrictions are imposed on the waterway
use by recreational and commercial users. .

e Weight Factor: 5/108

Waterway Limitations I:l

CTDOT ABC Matrix Screen Shot
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e The purpose of the ABC rating table is to
compute a comparative rating for the ABC
project methodology under evaluation.

e Project ABC methodology ratings of 60 to 100
are considered good candidates for ABC
implementation. Project ABC ratings of 50 to
60 are considered marginal for ABC
implementation. Project ABC ratings of less
than 50 are not generally considered good
candidates for ABC implementation.

e The weight factors and the decision limits were
set after careful testing of the method with
various hypothetical projects.

e The weighting factors may be adjusted any.

time in the future with gain in experience with
results.

23

Adjusted
Score

|Average Daily Traffic
User Impact Reduction
Bridge Location

Use of Typical Details
[Work Zone Geometry
Site Conditions
Railroad Impacts

Cost Analysis

Envir. Water Handling

[Waterway Limitations

00 B O WK e & & W

30
120
20
20
24
15
0

0
0

Total Score 348

oo mowmanan

&
2
£l

ABC Ratng] 75|

ABC Rating Scale

BO-100  JUse ABC
50-60  |Consider ABC

0-50 Do not use ABC

CTDOT ABC Matrix Screen Shot
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(Ve i i o s ol ol
e b dck e rrmarcnd KEXT Soams)

e w2 ansas il

Input variables include Construction duration for both ABC and conventional, ADT of the roads
impacted, approximate cost for both conventional and selected ABC construction type, and other
bridge location site variables
Matrix calculates weighted ABC rating scores for all input variables.
Output macro then provides the user with an ABC rating score.

(Spreadsheet input in yellow boxes; Spreadsheet output in white boxes)
Connecticut Department of Transportation




Site Information

ABC Decision Matrix ‘

S h eet 1 Prop. ABC Method:
CTDOT ABC ‘

Enter Site Information data P

« Project description Shot ¢ © ‘ Method
» ABC construction method

» Conventional Construction method

Roadway on Bridge
Average Daily Traffic [ venicles perday

Enter following traffic inputs for Roadway on
Bridge and Roadway Below Bridge (if

Conventional Construction

Delay Time (Per Delay Time Sheets) minutes
Construction Impact Duration Days

applicable) for both Conventional and ABC e oregEeTpacTime O PersonDars
alternatives for determination of user impact S e e ey e sneetel___Jmnues
I’ed UCtIOl"I . Aggregate Impact Time 0 Person Days
. AD% Roadway Below Bridge
. Delay Time (entered from Supplementary Average Daily Traffic [ vehicles per day
traffic delay time spreadsheets) ety Time (Per Dty Time Sheets) inutes
+ Construction Impact duration J . e uralion e
» Spreadsheet calculates User Impact. Reduction Dety Tims (PermmmSnem)Emmm
value for ABC compared to Conventional Construction Impact Duration Days
C t t Aggregate Impact Time 0 Person Days
onsgriagen Percent in Impact Time
Conventional Construction
Total Aggregate Impact Time 0 Person Days
ABC
Total Aggregate Impact Time 0 Person Days
User Impact Reduction #DIVIO!
2 5 Mote: Negative value indicated that ABC has maore impact

Estimated conventional construction project cost =
Required Bridge

ABC Decision Matrix Overbuls 5

Sh t 2 Total conventional bridge cost 50
ee
Entire fo"owing project Estimated CE&I Costs per month

Field office monthly cost

H " CE&l staff thi t(field pl in office)
inputs: . TowlCER Montly Cost= 5%
‘ Conventlon_al ProJeCt Cost Notes: Small field office = Sux per manth
= Overbuild Medium office = S0t per month
+ Req’d base bridge costs e e ol nantn
aff = $20,000 per person per mon
E&I Monthly costs Net time savings for ABC =
y CTDOT ABC
O Field office Matrix Screen Estimated Percent Premium for ABC = |
: CE&I S_taff i Shot MPT savings with ABC
ABC Net t|me SaV|ngS Things that you can eliminate from conventional construction by using ABC
. Overbuild for st 0
ABC estimated add’l cost Temporaryordge 5
premium Temporary signal 0
Other [ 0
MPT (Maintenance & Protection Tota! MPT Savings with ABC 0
of Traffic) cost savings with ABC costana
) ost analysis
+ Overbuild not needed oS
« Temporary bridge not needed Premium for ABC =
+ Temporary signal not needed CEI Cost Savings =
+ Other
. et tn Agc -
Spreadsheet calculates the ABC premium s
w f Net cost change for ABC =
a= i" Net Percentage of conventional e a:ngwgr\ess expensive than conventional
cos
26 Net percentage of conventional cost =

months




[ABC Rating procedure
Enter values for each aspect of the project. Attach back-up data if applicable

|Average Daily Traffic Mo trafficimpacts

—
5o Combined trafic on and under Less than 10000
ABC Decision Matrix 1000010 40000
A | N el U s 40000 to 70000

70000 to 100000
More than 100000

s W o

Sheet 3

Zero
1% to 20%
21% to 40%

0
Enter project rating Matrix Screen D s
Va|ues Shot 5 81%t0100%

User Impact Reduction | #DIVi0!

Calculated by spreadsheet

Bridge Location 0 Rural Bridge away fram town center
i 1 Stakeholder Impact 1 Rural bridge neartown center
C Ave ra g e Da | Iy Tra fﬂ C 2 Suburban bridge away from town center
. . 3 Suburban bridge near major traffic generators
© Brldge Locatlon 4 Urban Bridge near major traffic generators
. . 5 Urban Bridge near emergency services
Use Of Typlca I Deta I IS Useof Typical Details [ | 1 Complex and unfavorable geometry
2 Curved and skewed bridges
Work Zone Geometry : cuneanidges
- ap= 4 Skewed Bridges
Slte Condltlons 5 Simple geometry well suited for typical details
2 \Work Zone Geometry [ | 1 Short duration project with good geometry & flow
Ra I I roa d I m pa Cts Detour quality and/or 2 Short duration project with moderate geometry & flow
MPT Quality 3 Average project duration with average geometry & flow
4 Long duration project with moderate geometry & flow
A 2 5 Long duration project with complex geometry & flow
User ImpaCt Red UCtlon ls Site Conditions 0 significant limitations on work
. Utilities/ROW/Env. Compliance 1 maoderate construction limitations for portions of the work
internally computed from 2
. 3 minor construction limitations
data input on Sheet 1 e
Railroad Impacts 1 o No Railroad (entry of 0 = not considered in score)
1 Freight Siding (Less than 1 train per week)
2 Light Freight (1 Train per week to 1 Train per day)
3 Heavy Freight (More than 1 Train per day)
4 Commuter rail
5 Elecirified Commuter Rail
27
[Cost Analysis 0 >30%
Factor = #DIvio! " 1 20% < Factor < 30%
Net percentage of conventional cost 2 10% < Factor < 20%
MNegative value means that ABC has 3 5% < Factor < 10%
less net costwhen compared to 4 0% = Factor = 5%
conventional construction 5 Factor <0%
= = -
ABC Declslon M atrlx Envir. WaterHandling [ | 0 No Restrictions (entry of 0 = not considered in score)
e ———————————— 1 minor censtruction limitations
2
S h eet 4 3 maderate construction limitations for portions of the work
—————— 4
CTDOT ABC 5 significant limitations on wark
i Waterway Limitations [ ] 0 No impact (entry of 0 = not considered in score)
. ; : Matrix Screen 1 Mo impaas
Enter Project rating values: ;"
. ShOt 3 Seasonal recreational impacts
® COSt Ana |ySIS Factor 4 Significant recreational impacls
. 1 5 Significant commercial impacts
« Environmental Water Handling
+ Waterway Limitations
|ABC Rating Weighi _ Adjusied | Maxmum _ Adjusted
0 . Score Factor Score Score Score
(ABC Ratlng Tab/e il dISCUSS Average Daily Traffic 0 10 0 5 50
. Userimpact Reduction | #DIV/i0! 30 #DIVI! 5 150
next S/Id&) Bridge Location 0 5 0 5 25
Use of Typical Details 0 5 0 5 25
'Work Zone Geometry 0 8 0 5 40
Site Conditions 0 5 0 5 25
Railroad Impacts 0 5 0 0 o
Cost Analysis 0 30 0 5 150
Envir. Water Handling 0 5 0 0 0
'Waterway Limitations 0 5 0 0 0
Total Score  #DIV/O!  [Max, Score 465
ABC Rating Scale
60-100 [Use ABC
50-60 |Consider ABC
0-50 Do notuse ABC

hote. Weight factors determined by CTDOT. Do not adjust factors without prior consultation.
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ABC Decision Matrix Sheet 4 (Continuation)
ABC Rating Table

ABC Rating table computes

Compa rative rat|ng for ABC DFOJeCt ABC Rating Weight Adjusted | Maximum  Adjusted
Score Factor Score Score Score

methodology under consideration Poarags Daly Trafie 0 0 %

User Impact Reduction #DIV/O! #DIV/0! 150
Bridge Location 0 0 25

Ratl ng Ta ble Use of Typical Details 0 5 25

. Work Zone Geometry 40
« Compiles all selected or computed Site Conditions 25
. Railroad Impacts 0
rating measures Cost Analysis 150
Multiples rating measures by ooy Lo : :
weighting factors Total Score

Divides sum of weighted measure

by theoretical maximum to ABC Rating Scale
5 60-100 [Use ABC
produce ABC rating score 5060 |Consider ABC
0-50 Do not use ABC

» Rating Scores
+ 60-100 - Use ABC

+ 50-60 - Consider ABC CTDOT ABC Matrix Screen Shot
« 0-50 - ABC not favorable

0
#DIV/0!_ |Max. Score 465

29 Connecticut Department of Transportation

ABC Decision Matrix Deployment

Issued to all designers (in-house and : PR— [
consultants) on November 8, 2017

Used during preliminary engineering

November 8, 2017

phase for:
« Deck replacement project
« Superstructure replacement projects
) : 1 Accelerated Bridge Construction Decision Matrix
+ Entire bridge replacement projects Thé skt Brdgs oot (ABC) Dk i st o Bidgh

Design Standard Practice. It shall be used to assess the viability of accelcrated bridge
y during the 7 y design phase of all projects involving
N (0} t a b SO I u t e bridge deck ’ or entire bridge The
companion Guide explains the use of the worksheet and definitions of the input variables
abtained from project preliminary design development. The results of the accclerated bridge

« It is a tool , N ot a mandate construction assessment for any project should not be considered to be absolute as other

factors not included in the decision matrix may be significant. However,

construction design methodology should be very strongly considered wh

. Oth er fa CtO S Can be cons | d e red ( both the worksheet analyss are favorable for acccleratd bridge constsucton. I i anicipaed

that the Accelerated Bridge Construction Matrix will be updated from time to time as the

pOS itiVe an d n eg a t| Ve) ent’s experience grows in this relatively new construction methodology

ruction Decision Matrix and Guide are available via the

ABC should be Strongly Considered is o S Prstics ok n e
the matrix points toward ABC




Questions

‘-;’)/Al('{/?/"y(?ll

Web address to CTDOT ABC Decision Matrix
https://www.ct.gov/dot/lib/dot/documents/aec/EB-2017-6.pdf
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