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Course Start-upCourse StartCourse Start--upup
• Sign-up sheet and Name tag
• Self-introduction

–Name, Discipline, Career
• Package

–CD (references), Manual (Screenshots), 
Brochures

• Initial assessment (Acronym Quiz)
• Projects data
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Course Schedule - Day 1 Course Schedule Course Schedule -- Day 1 Day 1 

Session 2: Concrete Rehabilitation (JPCP)10:30 – 12:00 p.m.

Fist-day Wrap-up4:10 – 4:30 p.m.

Session 4: AC Rehabilitation (CSOL & FDAC)2:40 – 4:10 p.m.

PM Break2:20 – 2:40 p.m.

Session 3: Concrete Rehabilitation (CRCP)1:00 – 2:20 p.m.

Lunch12:00 – 1:00 p.m.

AM Break10:10 – 10: 30 a.m.

Session 1: CA4PRS Overview9:00 – 10:10 a.m.

Course Introduction8:30 – 9:00 a.m.
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Course Schedule - Day 2Course Schedule Course Schedule -- Day 2Day 2

AM Break10:00 – 10: 20 a.m.

Session 5: AC Rehabilitation (MACO)8:30 – 10:000 a.m.

Wrap-up and Course Evaluation3:45 – 4:00 p.m.

Session 8: District Projects Analysis2:30 – 3:45 p.m.

PM Break2:15 – 2:30 p.m.

Session 7: Implementation (TMP & Simulations)1:00 – 2:15 p.m.

Lunch12:00  – 1:00 p.m.

Session 6: Design-Traffic Integration (WZ delay) 10:20 – 12:00 p.m.
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CA4PRS IntroductionCA4PRS IntroductionCA4PRS Introduction

•Development Background

•Modeling Alternatives 

• Implementation Projects 

•Outreach Promotion

•Screen Shots



CA4PRS

Development
Background
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The Challenge We Face in The Challenge We Face in 
Highway Infrastructure RenewalHighway Infrastructure Renewal

• Highway infrastructure must be renewed
– Many pavements have reached their design life
– DOTs shift their focus to highway sustainability 

(4-R)
– We must rehabilitate highways under live traffic 

(urban)
• Impacts of construction work-zone to 

public
– CWZ lane closures create adverse impacts to 

travelers, local communities, and businesses: 
safety & mobility
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How Do We Meet This Challenge?How Do We Meet This Challenge?

•Balancing competing objectives
– (1) Longer-lasting design; 
– (2) Faster construction delivery; 
– (3) Tolerable traffic delays; 
– (4) Agency budget constraint
– Needs tools for optimization and 

effective teamwork solution

•CA4PRS Tool: ‘Rapid Rehab’ Software
– FHWA pooled fund for SPTC (CA, FL, MN, TX)
– Decision-support computer model for DOT  to help select 

the most economic rehabilitation strategies
– Estimate construction duration, to calculate traffic

delay, and to compare agency cost

Pavement
Design 

Traffic
Operations

Construction
Logistics

Budget

Collaboration

Pavement
Design 

Traffic
Operations

Construction
Logistics

Budget

Collaboration
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CA4PRS Analysis Framework 
Multi-discipline Team Solution

Rehabilitation
Alternatives

No Schedule
Constructible?

Traffic
Tolerable?

No

Yes

Yes

Cost
Affordable?

Production (mile)
Closure Duration

Queue & Delay
Road User Cost

Total Cost
Budget Limit

No

Most Economic
Strategies

Yes

“What-if”
Scenarios

PS&E Package
TMP 

Step 1

Step 2

Step 3



CA4PRS

Modeling 
Alternatives 
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CA4PRS Comparison Alternatives
Schedule-Delay-Cost Comparison
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PCC => PCC (Jointed Concrete)
Typical CA Pavement Cross-section
PCC => PCC => PCCPCC (Jointed Concrete)(Jointed Concrete)
Typical CA Pavement CrossTypical CA Pavement Cross--sectionsection
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AC => AC (Milling and AC Overlay)
Typical CA Pavement Cross-section

AC => AC => ACAC (Milling and AC Overlay)(Milling and AC Overlay)
Typical CA Pavement CrossTypical CA Pavement Cross--sectionsection
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PCC => AC (Crack-seat AC Overlay and Full-depth AC 
Replacement) Typical CA Cross-section

PCC => ACPCC => AC (Crack(Crack--seat AC Overlay and Fullseat AC Overlay and Full--depth AC depth AC 
Replacement) Replacement) Typical CA CrossTypical CA Cross--sectionsection
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Balance of Closure – Access – Production 
Full Closure for PCC Concurrent Method

BalanceBalance of Closure of Closure –– Access Access –– Production Production 
Full Closure for PCC Concurrent MethodFull Closure for PCC Concurrent Method
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Balance of Closure – Access – Production 
Half Closure for PCC Sequential Method

Balance of Closure Balance of Closure –– Access Access –– Production Production 
Half Closure for PCC Sequential MethodHalf Closure for PCC Sequential Method
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CA4PRS Analysis Inputs and Outputs 
Summary (for Schedule-Traffic)

CA4PRS Analysis Inputs and Outputs CA4PRS Analysis Inputs and Outputs 
Summary (for ScheduleSummary (for Schedule--Traffic)Traffic)

• Scheduling analysis outputs
– Maximum production (lane-km) per closure
– Closure numbers and total project duration
– Constraining resources

• Traffic analysis Inputs
– Traffic demand: ADT and hourly distribution 
– Demand reduction (outreach): Detours and no-shows
– Hourly lane closure scheme
– Time value of traveling public

• Traffic analysis outputs
– Work-zone queue and maximum Delay per Closure 
– Total Road User Cost (RUC)
– Demand and Capacity Sensitivity



CA4PRS

Implementation
Projects
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CA4PRS Implementation Projects

I-710 II (LA) Project
(bid) 2008

I-710 Long Beach Project
2003

I-15 Devore Project
2004

I-10 Pomona Project
1999

I-15 Ontario Project
(PS&E) 2009

Use by other sponsoring DOTs
- I-5 Seattle (WA), PCC
- I-494 St. Paul (MN), AC

I-10 II (LA) Project
(PS&E) 2010

SR-91 Riverside Project
(PAED) 2015
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I-10 Pomona with FSHCC, 2000II--10 Pomona with FSHCC, 200010 Pomona with FSHCC, 2000
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I-10 Pomona Project (FSHCC)
CA4PRS Monitoring Study

II--10 Pomona Project (FSHCC)10 Pomona Project (FSHCC)
CA4PRS Monitoring StudyCA4PRS Monitoring Study
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55-hour Weekend Production
• Contractor’s Plan = 3.5 lane-km 
• CA4PRS Estimate = 2.9 lane-km (2.4-3.4)
• Actual Performance = 2.8 lane-km
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I-710 Long Beach Project (55-h), 2002 II--710 Long Beach Project (55710 Long Beach Project (55--h), 2002 h), 2002 
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NN

FDAC= 1.6 C.L.-km
CSOL= 2.8 C.L.-km• Initial Caltrans Plan (10 Weekends)

1st Closure (3A) 2nd Closure (3B) 3rd and 4th Closures (4B, 4C)

8th Closure (6A) 5th and 6th Closures (5A, 5B)

FDAC: 362m
CSOL: 1,259m 

FDAC: 406m
CSOL: 1,035m 

FDAC: 840m 
CSOL: 480m 

FDAC: 342m
CSOL: 760m 

FDAC: 321m 
CSOL: 959m

FDAC: 840m 
CSOL: 1,160m

7th Closure (5C) 

I-710 Long Beach (AC): Staging Plan
Contractor Revised Work-plan Based on CA4PRS

II--710 Long Beach (AC): Staging Plan710 Long Beach (AC): Staging Plan
Contractor Revised WorkContractor Revised Work--plan Based on CA4PRSplan Based on CA4PRS

• Finished with 8 Weekends (Incentives)
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I-15 Devore Project  (27/7), 2004II--15 Devore Project  (27/7), 200415 Devore Project  (27/7), 2004
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I-15 Devore (RSC) : Preconstruction 
CA4PRS Analysis Schedule-Traffic-Cost 

Total
Closures

Closure
Hours

User
Delay

Agency
Cost

Total
Cost

One Roadbed
Continuous (24/7) 2 400 5.0 15.0 20.0 80

72-Hour Weekday
Continuous 8 512 5.0 16.0 21.0 50

55-Hour Weekend
Continuous 14 770 14.0 17.0 31.0 80

10-Hour Night-time
Closures 220 2,200 7.0 21.0 28.0 30

Max.
Peak
Delay
(Min)

Construction
Scenario

Schedule
Comparison

Cost Comparison ($M)

Using CA4PRS on I-15 Devore, “Rapid Rehab (24/7)”, saved $6M 
agency  cost and $2M road user cost, compared to nighttime closures. 
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I-15 Devore 2 Project, 2006II--15 Devore 2 Project, 200615 Devore 2 Project, 2006
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CA4PRS Contribution to Practice



CA4PRS

Outreach & 
Deployment
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Outreach for Nationwide Promotion 
and Deployment: FHWA-AASHTO

• FHWA nationwide deployment (in process)
– Priory, Market-ready Technologies and Innovations
– Group license for 50 state DOTs
– NHI training course

• AASHTO TIG: AASHTOWare
– CAST: Integration with traffic simulations

• International Road Federation (IRF)
– 2007 Global Road Achievement Award: Research

• Publications: Magazine articles and papers
– TRB TRNews, FHWA Focus, FHWA Public Roads
– 30 Journal & conference papers (incl. case studies)



30CA4PRShttp://www.dot.ca.gov/hq/research/roadway/ca4prs/index.htmhttp://www.dot.ca.gov/hq/research/roadway/ca4prs/index.htmhttp://www.dot.ca.gov/hq/research/roadway/ca4prs/index.htm

CA4PRS in Caltrans Web
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Cycle of Rehab Projects with CA4PRSCycle of Rehab Projects with CA4PRSCycle of Rehab Projects with CA4PRS
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Analyses a DOT Engineers Can 
Perform with CA4PRS

• Planning stage: baseline to PSSR and  PAED 
– Preconstruction analysis for what-if scenarios
– Justification in project scoping and approval

• Design stage: supplementary to PS&E package
– Construction schedule (Working-days estimate)
– Traffic delay and user cost for TMP
– Construction staging-plan 
– Constructability check
– Contracting methods: A+B, Incentives/disincentives

• Construction stage: validate work plans
– Seek consensus in public (media) outreach 
– Validate contractor’s work plan
– Evaluate contractor’s request of change orders
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Development, Training, and
On-going Enhancement

• SPTC incl. Caltrans: Free license from UCB
• Windows PC-based Stand-alone Application

– MS ACCESS database with Visual Basic interfaces
– Store historical analysis and project data

• 2-day Hands-on user training workshops
– About 40 training sessions (700 engineers)
– CA, MN, TX, WA, FL, MI, MO, UT 
– Online (self-paced) training course in development

• Enhancement plan (current version is 2.0)
– Version 2.5: Roadway widening
– Version 2.6: Precast panel (Super-slab)
– Version 3.0: Interchange & Bridge replacements
– Version 4.0: Interaction with LCCA (FHWA Realcost)
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CA4PRS Menu - Training OutlineCA4PRSCA4PRS Menu Menu -- Training OutlineTraining Outline
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Screen-shots
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Schedule Analysis: Project ListSchedule Analysis: Project ListSchedule Analysis: Project List
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Schedule Analysis: Project Details InputsSchedule Analysis: Project Details InputsSchedule Analysis: Project Details Inputs
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Schedule Analysis: Scheduling InputsSchedule Analysis: Scheduling InputsSchedule Analysis: Scheduling Inputs
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Schedule Analysis: Resources InputsSchedule Analysis: Resources InputsSchedule Analysis: Resources Inputs
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Schedule Analysis: Analysis Inputs (PCC)Schedule Analysis: Analysis Inputs (PCC)Schedule Analysis: Analysis Inputs (PCC)
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Schedule Analysis: Scheduling Inputs (AC)Schedule Analysis: Scheduling Inputs (AC)Schedule Analysis: Scheduling Inputs (AC)
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Schedule Outputs: Deterministic AnalysisSchedule Outputs: Deterministic AnalysisSchedule Outputs: Deterministic Analysis
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Schedule Outputs : Probabilistic AnalysisSchedule Outputs : Probabilistic AnalysisSchedule Outputs : Probabilistic Analysis
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Traffic Analysis InputsTraffic Analysis InputsTraffic Analysis Inputs
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Traffic Inputs: 
Hourly Counts  and

Lane Closures



46CA4PRS

Traffic Analysis Outputs
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More Information?

• Contacts 
– Dr. E.B. Lee (UC Berkeley)

• (510) 665-3637;   eblee@berkeley.edu

– Michael Samadian (Caltrans)
• (916) 324-2048; Michael_M_Samadian@dot.ca.gov

– Dr. Nadarajah Sivaneswaran (Siva) (FHWA) 
• (202) 493-3147;  n.sivaneswaran@dot.gov

– Keith Platte (AASHTO-TIG)
• Tel: (202) 624-7830;  kplatte@aashto.org

• GOOGLE “CA4PRS”
http://www.dot.ca.gov/research/roadway/ca4prs/index.htm


