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Welcome to CA4PRS Training!Welcome to CA4PRS Training!Welcome to CA4PRS Training!

• Self-introduction
– Name, Unit, Career

• CD and Free-License for DOT
– CD (CA4PRS & LCCA), User Manual, Brochures

• Course Binder
– Handout and Screenshots

• Support: E.B. Lee at UC Berkeley
– 510)665-3637;   eblee@berkeley.edu
– Google CA4PRS
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3-Day Course Schedule  33--Day Course Schedule  Day Course Schedule  
• Session 1: Introduction and Overview

– Highway Rehabilitation and Tools
– CA4PRS Overview and Modeling

• Session 2: Construction Schedule          DAY 1
– Concrete Rehabilitation Strategies: PCCP
– Closure-hours and Schedule Sensitivity
– AC Rehabilitation Strategies: MACO

• Session 3: Work-zone Traffic
– Delay Analysis: Demand-Capacity Model           DAY 2
– Lane Closure Practice: Schedule-Traffic
– Simulation Models for TMP

• Session 4: Cost and Integration
– Concrete Rehabilitation Strategies                       DAY 3
– Interaction with Life-cycle Cost Analysis
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• Highways Need Renewal
– Interstates & state highways reached their design life
– DOTs shift their focus to highway sustainability (4-R)
– 1,400 Caltrans Projects (‘00-’08): 50% are M&R
– Combine with Capacity increase (Widening)
– More work-zones and lane closure

• Adverse WZ Impacts
– Impacts travelers, communities, businesses
– Mobility: Responsible for 12% of delay 
– Safety: 40,000 injuries, 1028 fatalities in CWZ (2003)
– Improve WZ Mobility and Enhance Safety

Highway Infrastructure SustainabilityHighway Infrastructure SustainabilityHighway Infrastructure Sustainability
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Pavements
Deterioration

Needs
Renewal

Traffic Congestion 
though Construction 
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Highway Construction WZ TrafficHighway Construction WZ TrafficHighway Construction WZ Traffic
• Challenges: Competing Objectives

– Longer-lasting Design
– Faster Construction delivery 
– Tolerable WZ Traffic delays 
– Agency Budget constraint
– Need Integration and Tools

• Federal Work-zone Rule: 23 CFR Part 630 Subpart J
– Improve WZ Safety and Mobility (Oct 2007)
– Develop agency-level policy for statewide process

• Caltrans: Deputy Directive (DD-60R; Sep 2007)
– Implement project-level standard procedures

• WZ impact assessment: Regional network 
• TMP strategies in PS&E
• Public outreach with stakeholders
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CA4PRS Development OverviewCA4PRS Development OverviewCA4PRS Development Overview
• Decision-support tool for Practitioners

– Help agencies and contractors to select more efficient 
and economic highway construction strategies

– Estimate Construction Schedule, analyze Traffic 
Delay, and compare Agency Cost

• Development and Implementation
– FHWA pooled fund for SPTC (CA, FL, MN, TX, WA), 

developed by UC Berkeley ITS (since 1998: $2M)
– Caltrans ‘Standard’ and FHWA endorsed ‘Technology’
– FHWA/AASHTO Free-group License for 50 DOTs

• Awards and Recognition
– 2007 International Road Federation (IRF) 
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The Director (Mr. 
Kempton) Emphasized to Implement 

CA4PRS on more (All) Caltrans 
Projects.

CA4PRS 2007 International Road Federation Award Ceremony (March 20, 2008)
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Modeling
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CA4PRS Process FrameworkCA4PRS Process FrameworkCA4PRS Process Framework
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CA4PRS Alternatives ComparisonCA4PRS Alternatives ComparisonCA4PRS Alternatives Comparison
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Concrete Pavement Cross-sectionConcrete Pavement CrossConcrete Pavement Cross--sectionsection

CA4PRS Compares Cross-section Change 
Alternatives from SCHEDULE-TRAFFIC-COST 

Perspective, as the baseline of LCCA.
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Asphalt (AC) Pavement Cross-section
Schedule-Traffic-Cost Comparison

Asphalt (AC) Pavement CrossAsphalt (AC) Pavement Cross--sectionsection
ScheduleSchedule--TrafficTraffic--Cost ComparisonCost Comparison
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Closure <=> Access <=> Production
Full Closure for Concurrent Method
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Closure <=> Access <=> Production
Half Closure for Sequential Method

Closure <=> Access <=> ProductionClosure <=> Access <=> Production
Half Closure for Half Closure for Sequential MethodSequential Method
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ConstructabilityConstructability:: Demolition Methods, LoadingDemolition Methods, Loading--cycle, Haulingcycle, Hauling--TrucksTrucks
PCC  Slab Saw-cut & Lift Method

PCC Slab-Cracking & Excavation Method

Packing (Hauling) Efficiency

AC Milling (Clod-plane) Method
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Mix-Design vs. Discharging-cycle, Delivery-Truck, Efficiency

FSHCC: Ready-mixer Truck

HMA: Semi-bottom Truck (Windrow)CRCP: End-dump Truck to Pump

JPCP (RSC): End-dump Truck

Constructability:Constructability: MixMix--types, Dischargingtypes, Discharging--cycle, Deliverycycle, Delivery--TrucksTrucks
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Projects
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CA4PRS Implementation ProjectsCA4PRS Implementation ProjectsCA4PRS 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

D4: I-880 Oakland, I-80 Vallejo, 
I-280 San Jose, US-101 San Jose

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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D8  I-15 Devore (3 mile) PCC Project (24/7), 2004D8  ID8  I--15 Devore (3 mile) PCC Project (24/7), 200415 Devore (3 mile) PCC Project (24/7), 2004
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I-15 Devore Daily Traffic Patterns
- Approximately 120,000 ADT (10% trucks)
- Weekdays Commuters + Weekend Leisure

II--15 Devore Daily Traffic Patterns15 Devore Daily Traffic Patterns
-- Approximately 120,000 ADT (10% trucks)
- Weekdays Commuters + Weekend Leisure
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II--15 Devore Preconstruction Analysis 15 Devore Preconstruction Analysis 
with CA4PRS: with CA4PRS: ScheduleSchedule--TrafficTraffic--Cost 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

9-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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Yes,
70%

No,
30%

Before- construction After-construction

I-15 Devore Web-Surveys
Public Perception Changes

II--15 Devore Web15 Devore Web--SurveysSurveys
Public Perception ChangesPublic Perception Changes

Do you support future 
“Rapid-Rehab” projects? 

Other
Negative

11%

No,
Nighttime or

weekend
64%

No, Cancel
project

14%

Adding lane,
4%

Continuous
closures, 7%

Do you support 72-h (3-weekday) 
Weekday closures? 
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CA4PRS Implementation 
in Project Life Cycle

CA4PRS Implementation CA4PRS Implementation 
in Project Life Cyclein Project Life Cycle

• Planning stage:  PSSR and  PA&ED
– Project prioritization: Value Engineering and LCCA
– Project scoping and alternatives evaluation

• Design stage: PS&E and TMP package
– Construction schedule: Working-days estimate
– Construction staging-plan and Constructability check 
– Work-zone analysis: TMP and lane requirement charts
– Contracting methods: A+B, Incentives/Disincentives

• Construction stage: Contractor’s work plans
– Public information (media) and outreach strategies
– Validate contractor’s work plan
– Evaluate contractor’s request of change orders
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CA4PRS Training and  
Continuous Enhancement

CA4PRS Training and  CA4PRS Training and  
Continuous EnhancementContinuous Enhancement

• Windows PC-based Stand-alone Application
– MS ACCESS database and VB6 for user-interfaces

• 3-day Hands-on user training workshops
– About 50 trainings (900 engineers): Caltrans +10 DOTs
– Online (self-paced) training course in development

• Enhancement roadmap (current version is 2.0)
– Version 1.0 and 1.5: Schedule module for Rehab
– Version 2.0: Work-zone Traffic module (V2.1for Cost)
– Version 2.5: Precast panel replacement (2009) 
– Version 3.0: Roadway widening module (2009)
– Version 3.5: Interchange & Bridge replacements (2010)
– Version 4.0: Interaction with LCCA – Realcost (2011)



CA4PRS

Constructability
References
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• Copy screenshots for inputs: course-binder
• PCCP (JPCP): I-15 Devore Project

72-hour (3-D) weekday vs. 55-hour weekend closure 
12” full-depth PCC vs. 8” PCC slab replacement
Full closure (Concurrent) vs Half closure (Sequential)
9-hour Nighttime closure => 8-hour => 7-hour closures
Deterministic vs. Probabilistic approach

• CRCP: I-35 Austin Project
• CSOL and FDAC: I-710 Long Beach Project
• MACO: I-15 Mountain Path Project
• Traffic (RUC): I-15 Devore and PeMS
• Cost: I-15 Devore Nighttime vs Extended closures

Scenarios for Hands-on TrainingScenarios for HandsScenarios for Hands--on Trainingon Training
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AC Cooling-time Control with  MulticoolAC CoolingAC Cooling--time Control with  time Control with  MulticoolMulticool
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Milling (Cold-plane) Machine ProductionMilling Milling (Cold(Cold--plane)plane) Machine ProductionMachine Production

(Aggregates: Granite)

(Aggregates: Limestone)

(Wirtzen W1900 Model)
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Roadway Elevation Change 
No-, Up-, or Down-elevation
Roadway Elevation Change Roadway Elevation Change 
NoNo--, Up, Up--, or Down, or Down--elevationelevation

Milling Retained AC 

51 mm

76 mm
25 mm

0.5 hour

1 hour
0.5 hour

Type C

Type C
OGAC

51 mm

76 mm
25 mm

0.5 hour

1 hour
0.5 hour

Type C

Type C
OGAC

51 mm

76 mm
25 mm

0.5 hour

1 hour
0.5 hour

Type C

Type C
OGAC
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CWZ Traffic Analysis
and TMP Strategies
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Analysis Tools WZ Traffic for TMPAnalysis Tools WZ Traffic for TMPAnalysis Tools WZ Traffic for TMP
• Traffic analysis model (tools)

– Corridor model (D-C): CA4PRS, Quickzone, FreQ
– Simulation model: Micro-, Meso-, Macroscopic 
– Planning model: EMME/2, TransCAD, TranPlan, Syncro

• Microscopic/Meso simulation software
– Micro: Corsim, Paramics, VISSIM, TransModeler, 
– Meso: VISUM, DynamEQ, DynaSmart-P
– Assess the work zone impact on network (limited)
– Graphics (animation) are good: video presentation
– Expensive license, labor extensive inputs, and 

iterative calibration: => outsourcing to consultants 
– Not geared for construction work-zone analysis

• Imitate incidents, WZ behaviors?, Weekend O-D?, NGSIM?
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Work-zone Delay: Demand-Capacity Model
Highway Capacity Manual (Chap. 29)
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Road Use Cost Components for
Demand-Capacity Model

Road Use Cost Components forRoad Use Cost Components for
DemandDemand--Capacity ModelCapacity Model

• Road user cost (RUC)
– Delay cost (traveler's time value): cars and trucks
– Vehicle operation costs: maintenance, fuel, emission, crash
– Detour cost: circuity or diversion (need network analysis)

• RUC components – Unrestricted or forced flow
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Work-zone Capacity Adjustment Based on
Highway Capacity Manual 2000 (22-7 and 22-8)

(2) Heavy Vehicle Adjustment Factor (H):   
H = 100/[100+P(PCE-1)];    P = percentage of truck, 

PCE = Passenger Car Equiv.; (Down or level: 1.5, Rolling: 2.5, Mountain: 4.5)
(3) Lane Width Adjustment Factor (W)

Width 12.0 ft (W = 1.00); 11.0 ft (W = 0.95); 10.0 ft  (W = 0.90)
(4) Shoulder/Lateral Clearance Adjustment Factor (S)

Both Shoulder (S = 1.00); One Shoulder (S = 0.95);No Shoulder: S = 0.90
(5) Number of Lanes Open (N)

1,6001,100Median Cross-over
1,8001,200Lane-drop only

Multi-lane HighwayTwo-lane HighwayClosure-type

Adjusted Capacity (vph) = Basic Capacity (pcphpl) × H ×W × S ×N
(PCPHPL = Passenger Car per Hour per Lane)

(1) Basic Work Zone Capacity (PCPHPL)
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Traffic Data System for WZ Analysis
PeMS: http://pems.eecs.berkeley.edu

User: ca4prspems
PW: horsee9
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Traffic Information (Real-time) for Public Outreach
(http://Map.Commuteview.net)
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I-15 Devore WZ Capacity: Full-closure 
Dynamic Lane Configuration Using QCMB

II--15 Devore WZ Capacity: Full15 Devore WZ Capacity: Full--closure closure 
Dynamic Lane Configuration Using QCMBDynamic Lane Configuration Using QCMB

QCMB Operation VideoQCMB Operation VideoQCMB Operation Video
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I-15 Devore Simulation for TMP: Paramics
Microscopic Network Traffic Analysis

II--15 Devore Simulation15 Devore Simulation for for TMPTMP: : ParamicsParamics
Microscopic Microscopic Network Traffic AnalysisNetwork Traffic Analysis
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Cost Comparison
(LCCA Interaction)



42CA4PRS

Caltrans Bid Cost DB Website
http://sv08data.dot.ca.gov/contractcost
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Roadway Items: Code and 
Unit-price in Caltrans Bid DB 

Roadway Items: Code and Roadway Items: Code and 
UnitUnit--price in Caltrans Bid DB price in Caltrans Bid DB 

$             6 MPLACE ASPHALT CONCRETE DIKE390046
$     1,200 M3APPROACH CONCRETE SLAB (TYPE R)510086
$        800 M3APPROACH CONCRETE SLAB (TYPE N)510086
$        150 MCONCRETE BARRIER (TYPE 60)839701
$        350 M2PRE-CAST CONCRETE PAVEMENT???

$        760 M3RAPID STRENGTH CONCRETE PAVEMENT 
(REPLACE)401108

CONCRETE PAVEMENT (APPROACH SLAB)401005
$        265 M3CONCRETE PAVEMENT 401000
$        115 TONNHOT MIX ASPHALT (OPEN GRADED)390134
$        115 TONNHOT MIX ASPHALT CONCRETE (TYPE A~B) 390132~3
$        100 TONNHOT MIX ASPHALT CONCRETE390131
$        105 TONNRUBBERIZED ASPHALT CONCRETE (TYPE G)390126
$          85 TONNASPHALT CONCRETE (TYPE A~B)390102~3
$        170 M3LEAN CONCRETE BASE280000
$          55 M3AGGREGATE BASE (Class 2~3)260201, 301
$          40 M3AGGREGATE SUBBASE (Class 2~4)250201,301,401
$          40 M3ROADWAY EXCAVATION190101
$             5 M2COLD PLANE ASPHALT CONCRETE PAVEMENT153103
$          18 M2REMOVE CONCRETE PAVEMENT150846

PriceUnitDescriptionCode
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Caltrans Cost Estimate Factors
(550 major Maintenance & Rehab: 2003-2008)
Caltrans Cost Estimate FactorsCaltrans Cost Estimate Factors
(550 major Maintenance & Rehab: 2003(550 major Maintenance & Rehab: 2003--2008)2008)

2.4%$100M

271 $2,716 2.6%$20M -
$100M

215 $2,522 3.6%$10M -
$20M

137 $2,322 3.9%$5M -
$10M

82 $2,003 6.1%0 –
$5M

Duration 
(Days)

Daily 
TMP

TMP 
%

Rehab
Size

7.57.5Average

12.51.6Others

9.20.8New Bridge (Structure)

8.46.9Bridge Maintenance

0.2490.9New Roadway Construction

0.258.42.1Realignment

0.288.61.6Roadway Widening

0.27.93.5Major Maintenance (CAPM)  
Rehab (HM21),  Reconstruct

0.195.39.7Minor Maintenance (HM1)

Support 
Factor

Mobilize 
(%)

TMP 
(%)Type
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Life Cycle Cost Analysis (LCCA) Requirement: 
Investment Decision for Infrastructure Sustainability

Net Present Value of Agency Cost and RUC for Initial 
Construction, and Future Maintenance & Rehabilitation



46CA4PRS

Caltrans LCCA Process (Steps)Caltrans LCCA Process (Steps)Caltrans LCCA Process (Steps)

1. Establish Design Alternatives (2-3)
2. Determine M&R Sequences and Timing
3. Estimate Schedule, Agency &User Costs
4. Compute Life-Cycle Costs in NPV
5. Analyze Results ☞ Recommendation 

Alternative
Design Life CAPM 10-Yr 15 or 20-Yr 25 to 40-Yr

CAPM 20 years 20 years 20 years

10-Yr 20 years 20 years 35 years 55 years

15 or 20-Yr 20 years 35 years 35 years 55 years

25 to 40-Yr 55 years 55 years 55 years

- User Manual
- Online Training
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CA4PRS - LCCA Interaction (Group)CA4PRS CA4PRS -- LCCA Interaction (Group)LCCA Interaction (Group)
• Example: I-710 III LA PCC Rehab Project

– LCCA in PSSR stage: 3 mile x 4 (2) lanes / Direction 
• Alternative 1 (Rigid)

– 1’st: 12” PCC+6” ACB Reconstruction (Design: 35 years)
• 12 lane-mile: 20 x 55-h weekend closures

• Alternative 2 (Rigid => Flexible)
– 1’st: 9” PCC Slab replacement (Design: 20 years)

• 12 lane-mile: 10 x 55-h weekend closures
– 2’nd: 6” Crack-seat AC Overlay (Design: 15 years)

• 36 lane-mile (3 mile x (4+2) x 2 direction); 250 x 8-h nights
• CA4PRS => LCCA Interaction: 50 YR NPV

– CA4PRS provides basic inputs to LCCA (Realcost)
• Schedule estimate (Working days)
• Work-zone delay (Road user cost)
• Agency cost (Construction cost)
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LCCA Analysis ComparisonLCCA Analysis ComparisonLCCA Analysis Comparison

$9M$13M$32M$42MTOTAL

$4M$8M$9M$19M2508-h 
Nighttime15 Yr6” CSOL

$5M$5M$23M$23M1055-h 
Weekend20 Yr8” PCC 

Slab
ALT. 

2

$10M$10M$35M$35MTOTAL

$10M$10M$35M$35M2055-h 
Weekend35 Yr12” PCC 

+ 6” ACBALT. 
1

PVCurrent 
AmountPVCurrent 

Amount
Closure 
Number

Const. 
Window

Design 
LifeActivity

ROAD USER 
COST

AGENCY 
COSTSCHEDULEDESIGN
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Caltrans LCCA Implementation
FHWA Realcost Software (V2.5)
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CA4PRS => LCCA (Schedule/Traffic/Cost)



51CA4PRS Transportation Management PlansTMP29
Plans, Specifications, and EstimatesPS&E28
Project Approval and Environmental DocumentPA&ED27
Project Scope Summary ReportPSSR26
Project Initiation DocumentPID25
Road User CostRUC24
Public Outreach Officer / Highway Advisory RadioPIO / HAR23
Passenger Car Equivalent (car per hour per lane)PCE (cphpl)22
Freeway Service Patrol FSP21
Lane Requirement Charts   or   Lane Open ChartsLRC or LOC20
Construction Work ZoneCWZ19
Construction Zone Enhanced Enforcement Program COZEEP18
Changeable Message Sign/Variable Message Sign; (DMS, PMS)CMS/VMS17
Automated Work Zone Information SystemsAWIS16
Annual Average Daily TrafficAADT15
Hot Mix AsphaltHMA14
Rapid Strength Concrete (12-hour mix)RSC13
Lean Concrete BaseLCB12
Asphalt Concrete BaseACB11
Milling and Asphalt Concrete OverlayMACO10
Full Depth AC (Replacement)FDAC9
Crack and seat (PCC and AC) OverlayCSOL8
Portland Cement Concrete PavementPCCP7
Joint Plain Concrete PavementJPCP6
Continuous Reinforced Concrete PavementCRCP5
Highway Capacity ManualHCM4
Highway Design ManualHDM3
Life-Cycle Cost AnalysisLCCA2
Construction Analysis for Pavement Rehabilitation StrategiesCA4PRS1

Acronym



52CA4PRShttp://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 on Caltrans WebCA4PRS on Caltrans WebCA4PRS on Caltrans Web
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More CA4PRS Information?More CA4PRS Information?More CA4PRS Information?
• Contacts 

– Dr. E.B. Lee: UC Berkeley-ITS
• (510) 665-3637;   eblee@berkeley.edu

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

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

– Ken Jacoby: FHWA Office of Asset Management
• 202-366-6503; Ken.Jacoby@dot.gov

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


