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(Construction Analysis for

Pavement Rehabilitation Strategies)

FHWA pooled fund study (CA, MN, TX, WA)
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CA4PRS Analysis
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Analysis Parameters
Comparing Alternatives
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Weekend CRCP
Daytime (shift) AC Overlay
Continuous Full-depth AC
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PCC Concurrent Work Method
Full Closure of Construction Roadbed
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Half Closure of Construction Roadbed

PCC Sequential Work Method
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Portland Cement Concrete (JCPC)

Typical Caltrans Pavement Cross-section

Existing Profile New Profile
CTB 102mm (4") CTB 102mm (4")
AB 305mm (12") * AB 305mm (12")
SG SG

(a) 203 mm Concrete Slab

_CTB | 102mm (4")

i i W

SG SG

AB 152mm (6")

(b) 305 mm Concrete Slab

Removed Retained




Typical Caltrans Pavement Cross-section

Milling and AC Overlay

EXiSﬁng AC Total thick.=152mm (6")
Layer | Thick. | Cooling
Pavement
RAC-O 25 mm 0.5 hour
Type C 76 mm 2 hour

Type C 51 mm 1 hour




Implementation
Projects
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CA4PRS Implementatlon PrOJects
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-15 Devore

Experience
(CA4PRS Demonstration)




I-15 Devore Reconstruction Project

(6-8 lanes PCC pavement built 1ngl969 -1975)
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1-15 Devore Dalily Traffic Patterns

- Approximately 130,000 ADT (15% trucks)
- Weekdays Commuters + Weekend Leisure

Vehicles per hour
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I-15 Devore Project Summary
Southern California (San Bernardino)

 About 130,000 ADT (15% heavy trucks)

— Unique traffic pattern: weekday commuter and
weekend leisure (to and from Las Vegas)
 Two truck lane reconstruction: 3 miles long

— for each direction outside truck lane reconstructed, slab
replacements in second truck lane

— Rebuilt with 12" PCC (12-hour mix) with 6” AC base
— One roadbed full closure with counter-flow traffic

— Two 9-days continuous closures (24/7 operations)
— Completed in October and November, 2004

e Saved $6M agency and $2M RUC compared
with traditional nighttime closures
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I-15 Devore Pre-Construction Analysis
with CA4PRS: Schedule-Traffic-Cost

Schedule . Max.
. Cost Comparison ($M
Construction Comparison P (SM) Peak
Scenario Total | Closure | User |Agency| Total | Delay
Closures | Hours | Delay | Cost | Cost | (Min)
One Roadhed
. 2 400 5.0 15.0 20.0 80
Continuous (24/7)
f2Hour Weekday | o 512 50 | 16.0 | 210 | 50
Continuous
S>Hour Weekend |, 770 | 140 | 17.0 | 31.0 | 80
Continuous
WOHour Nighttme: | oo | 2200 | 7.0 | 210 | 280 | 30
Closures

Public reactions has changed 72-hour closures

to one-roadbed continuous closures
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CA4PRS Demonstration (PCC and AC)
Schedule and Traffic Module (PeMS)

-15 Devore Project
(Construction Work-zone)




FHWA Public Roads: Jan/Feb 2007

http://lwww.tfhrc.gov/pubrds/07jan/05.htm
/INTERSTATE

Continuous construction around the clock (24/9)
NB Construction: Oct. 3'rd — 13’th (9 days), 2004
SB Construction: Oct. 23'rd — Nov. 3'rd (9 days), 2004,




I-15 Devore Pavement Cross-

and Lane-closure S@hema
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AC (AR-8000)Base (3" x 2 lifts) Paving







- Paving: Outer & Inner Truck Lanes










Roadmap for D8 Traffic Cameras and Signs
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Traffic Camera on TV Screen
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-15 Devore Project
(Traffic Modeling Experience)




1-15 I'D vore: Traffic Analysis
Models Integrated with CA4PRS

« Step 1. Demand-Capacity Model (HCM)
» Road user cost: Compare all scenarios
» Select the most economical scenario: Total cost
» Sensitivity for TMP (Demand reduction, CWZ capacity)

o Step 2: Macro Traffic Simulation (FREQ)
» Focus on the Selected Construction Scenario
» Baseline for Incentives/disincentives and A+B contract
» Develop lane closure charts

e Step 3: Microscopic Simulation (PARAMICS)
» Blocking Freeway Connector: [-210 to I-15 NB
» Truck restriction during peak hours through CWZ
» Relocate the junction split location
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Sensitivity Analysis (1):

emand Reduction: Road User Cost

D

emand-Capacit

Road User Cost ($Million’
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Sensitivity of Traffic Demand Reduction

0% 10%
Traffic Demand Reduction

20%

» Estimated by D-C model
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FREQ Macro-simulation
Segment 1 Northbound Closure (NB traffic

Free Flow

Demand <= Capacity bottle
\\Congestmn neck




Paramics: Macroscopic Simulation Model

|| Paramics Modeller 4.0.4 {with Programmer 4.0.4) : 115 NETWORK (Mov Z002) (C:/1-15/LevelZ)

File  Edit “iewe Toolz  Simulstion  Help
BED|HHE| R F @ | e

|Lt: iﬁ | '@ '@ '@ '_'1 ':': :.: i ':E:' Pre=et Wiewe | whole network




Simulation Sensitivity Analysis (1)
Truck Restriction Strategx (during Construction)

Segment 1 NB No Restriction Restriction Difference (%0)
Average Flow Rate
(vehicle/hour) 1,738 1,598 8.1
Total 'I_'ravel Time 2 796 2 300 177
(vehicle-hour)
Average Travel Time _ _
(MM:SS) 24:08 21:35 -10.6
Average Speed
(km/hr) 52.0 63.7 +22.5
on CWZ

» Estimated in Paramics simulation.
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Simulation Sensitivity Analysis (2)
1-15/1-215 SB Lane Split Strategy

Origin To Destination No Action | Lane-split | Difference
A"eTrﬁgg (Tr;?:]";' 32.0 22.8 -29 %
I-15 North '
To Through-traffic o
1-15 South |  (veh/hr) 2,492 2,948 18 %
Max. Queue (km) 55 2.0 -63 %
A"eTri""mgi (Tr;?r\:il 23.1 12.0 48 %
1-15 North '
To Through-traffic o
1-215 South | (veh/hr) 1,752 1,993 14 %
Max. Queue (km) 55 2.0 -63 %
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Comparison of Traffic Models in Analysis

CA4PRS (Demand-Capacity), FREQ, and Paramics

Max. Delay
_ Max. Queue
Traffic Total Delay | Per closure mile
. Efforts . min (mile)
Analysis (weeks) (vehicle- (min.)
Tool hours)
NB SB NB SB
CA4PRS
(HCM) 1 618,000 75 40 7.8 5.9
FREQ 3 631,000 47 35 7.1 8
PARAMICS 20 -() 48 26 7.2 7.3

* Reference: NB peak-hour delay = 2,863 v-h for Paramics vs 3,250 v-h for FreQ

40




-15 Devore Project
(Automated Work-zone
Information Systems)




I S - %5 BZZZ VMS(1~4) : Variable Message Sign for AWIS
AW/ J ) u, ss L{1~4) : Rubber Tubes

3 R(1~6) : RTMS for AWIS
mm R(a~b) : RTMS for CWZ

Automatic ro= fes Loop Detectr (PeMS) o Freeway

work-zone
iInformation
systems

I-10

E Construction Work Zone
R(2)=

£
w24 R(5)
[-210 — Highland Awve,
HM5(3] E Foothill Ave
Baseline Ave,
(pets (Petis (Petts
(Pets g I-10
o 1 _'061
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VMS(2) . 2

~UMS(4) SR-60
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District TMC

I-15 Command Center

Virtual Transportation Operations Center

(Caltrans)

| (St. Paul)
| —=0|
—=TTT—Trr | -
HUB —
WIRELESS
VTOC
SERVER

MODEM ||
I
oz =]

Traffic Monitoring Stations

(RTMS)

[a¥=TaTa]) nnnnn [afafatal .ﬂ.ﬂ} aoao
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Portable Changeable
Message Signs




Displayed Messages on PCMS Units
SCENARIO N B S B
41 TRAVEL TIME TRAVEL TIME
NORMAL NORMAL
#2 TRAVEL TIME 20MIN TRAVEL TIME 25MIN
#3 TRAVEL TIME 30MIN TRAVEL TIME 35MIN
44 TRAVEL TIME 40MIN TRAVEL TIME 45MIN
DETOUR 10E=>215N DETOUR 215S
4o TRAVEL TIME 50MIN TRAVEL TIME 55MIN
DETOUR 10E=>215N DETOUR 215S
46 TRAVEL TIME 60+MIN | TRAVEL TIME 65+MIN
DETOUR 10E=>215N DETOUR 215S
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ur Sign toward 1-10 East on Permanent CMS




AWIS Server
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Frequenthy Asked
Questions

Project Photos

Real-time Traffic Map

Commuter Resources

Contact Us

Navigation Links

I-15 Devore Project
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Caltrans District &
Home
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Wimt twe G’ page

€ 1w

Traffic Cameras

[ o

Syimbols on map that can be clicked:
¥ = Camera

r-= Travel Time Message
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S
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Click here to view real-time streaming cameras

Mote: To play theze streaming camera feeds, you

Soproperly. Click here to download the Windovws:
hledia Plug-in.

#- must have the Windowes Media Plug-in installed

[P -,
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3 http:/ /www.dot.ca.goy/diststmc/sign3.hEm - Micre O] x|
File Edit Miew Favarites  Tools  Help |

d=Eack -~ = - (£ i | ‘Qisearch  [GFavorites  fMedia
Address IE btk ey dot, ca, gosdistd, trc sign, bk j @G | Links *

[—

Travel Time Message Sign Display:

I-15NB RTE 210 TO I-215
TRAVEL TIME NORMAL

(Travel time message generated on: Wed Oct 13 12:41:00 2004)

a

@ [ione I_ I_ I_ 4 Internet
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Traffic Measurement Summary

(Before- versus Durin

-construction)

Route ADT Peaks

-15 NB -16% -17%

CWZ

-15 SB -19% -18%

-215 SB +15% +16%

Detours 1-10 EB +10% +36%
-215 NB +3% +12%

Lytle Creek& Glen Helen +7% +6%

Arterials

Major Intersections +2% +5%




-15 Devore Project
(Public Qutreach and
Perception Changes)




Public Outreach to News Media
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California Home
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e . L D IS TRET & DNEINES

Caltrans = District 5 = 1-15 Devare Project Home

1-15 Devore Project

Schedule I-15 Devore Project

Traffic Plan

The I-15 Devore website has a total of about 100,000
Visits (page views) from August through December, 2004.

sugqgested Alternate
Routes

Benefitz Of Project

Press Releases and
Announcements

-

Lane Closures (Fast Fax) To VicioryllaBarsiow

Frequenthy Asked
Guestions

Real-time Traffic Map
Contact Us

Navigation Links

I-15 Devore Project
Home Ranc
Ontario

g

Caltrans District &
Home —=+— ToLos Angeles

To Palm Speings —»

California Home

LEGEND
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1-15 Devore Web-S
al N

Initi eg

1-2 trips

Daily on
weekdays
94%

Do you typically use the I-15
Freeway through Devore?

urveys ((4@@)

ative Public Reactio

No,
Nighttime
or
weekend
64%

Do you support 72-hour

weekday closures?
54




1-15 Devore Web-Surveys:
Travel Mode Changes

Before—construction During—construction

19.15%

23.68%
32.09%

ol%

b0, 56%

10, 705 3. 713%

40, 30%

Travel Modes
.Alternative rodtes

. carpool or public tran=sit
[] Departure time

B tot at al




1-15 Devore Web-Su
AWIS Utilizat

urveys:
tion

Not at a
9%

Part of the
time
67%

Did you find AWIS travel
message signs “Accurate”?

Did you utilize Real-time

Traffic Map on our website?
56




- 15 ID @ e Web- Sur\/eys:j
eptio

es
Before- constructlon After-construction

Yes,
70%

Do you support |-15 Devore Do you support future
“Rapid Rehab” approach? “Rapid-Rehab” projects?
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CA4PRS Outreach & Enhancement

* Qutreach: Publications
— Brochure
— TR News (May/June 2004)
— FHWA FOCUS (June 2006)
— TRB and ASCE Journals

* VV2.0: Cost Module

* \VV2.5: Interchange and Widening

* \V3.0: Bridge Replacement

* V4.0: Life Cycle Cost Analysis (Realcost)




Thank you!
More Information?

e Contact

— Keith Platte (AASHTO)
o Tel: (202) 624-7830; Email: kplatte@aashto.org

— Michael Samadian (Caltrans)
o Tel: (916) 324-2048; Email:
Michael M_Samadian@dot.ca.gov
— Dr. E.B. Lee (UC Berkeley)
e (510) 665-3637; Email: eblee@berkeley.edu
— Dr. Nadarajah Sivaneswaran (Siva) (FHWA)
e (202) 493-3147; Email: n.sivaneswaran@dot.gov

e CA4PRS Web (Caltrans) or “CA4PRS” in Google
http://www.dot.ca.gov/research/roadway/cadprs/index.htm
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Paramics: LINK HEADWAY
FACTOR SENSITIVITY ANALYSIS

Link Headway Factor

Resulting Capacity
(in veh/hr/In)

1.0
1.2
1.5
1.8
2.0
2.5

2,500
2,350
2,000
1,600
1,500
1,300
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Deteriorated Pavement: I-10 Pomona (LA)

T - b
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Caltrans LLPRS and CA4PRS

> LLPRS: Long-life Pavement Rehabilitation Strategies
- Rebuild 2,500 lane-km of deteriorated roadways
- Criteria: High traffic volume (ex. 150,000 ADT) or heavy trucks
- Candidate projects are mostly PCC pavements in the LA & SF

> LLPRS Objectives and Approach
- Provide 30-40 years of design-life with minimum maintenance
- Get-in Get-out & Stay-out: FHWA AASHTO TRB collaboration
- Minimizing closure impact on traffic delay and local business

» CA4PRS: A tool for Decision-making Process
- FHWA pooled fund study (CA, MN, TX, WA)

- Software tool to calculate construction duration and traffic delay
for different strategies

- Team-building, Department approval, and Public justification




CA4PRS Schedule
Analysis Menu Tree




Simulation calibration: Travel-time
before-closure: Simulation vs. Tech-run

travel time (mm:ss)

[-15 NB mainline travel time: Tach-run vs. Paramics

14:24
12:58 -
11:31

10:05 -
08:38 -
07:12 -
05:46 -
04:19 -

W

02:53

2:00- 3:00- 3:20- 3:40- 4:00- 4:40- 5:00- 5:20- 5:40- 6:00-
3:00 320 340 400 420 500 520 540 600 6:20

—e—tach-run —m— Paramics
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Simulation Estimated Speed

(before vs. during-construction)

|- | 5 NB PARAMICS SPEED CONTOUR - Base Run {Monday)
Section number
Irterval Start 0 1 2 3 4 5 6 T 2 9 10 11 12 13 14 15
15:00 S58.0 (| 700 | 485 | F1.1| 494 | 454 | 4B.2 | 475 | 418 | &B.6 | 655 Fb6.2 | 450 68.7 | 4745
13:20 593 | 751 | 693 | 532 | 653 | 654 | bbb | 4467 | 617 | &F.F | b6b6.1| 48B4 | 450 68.7 | 5%.1
15:40 6B8.1 | 487 | 403 | 558 | 422 | 561 | 489 | &4B.7 | 406 | 657 | F1.2| 75.1| 473 FO.1| &l17F
14:00 56.9 | 674 | 6B5 | 565 | 62% | 416 | 711 | 4B.2 | &4.F | 653 | 720 | 4B.5 | 457 6%.1| 628
14:20 S7.1 | 487 | 566 | 571 | 447 | 412 | 49.3 | &4B.6 | 617 | 71.B| 455 &0.7 | 70.0 66.0 | 580
14:40 600 | 643 | 6%F | 522 | H6F | 639 | &7.F | 4BS | b5 1| &%.1 | 73.1| 404 | 704 65.2 | 565
17:00 574 | 707 | 423 | 443 | 456 | 431 | 446 | 4BA | 655 | 7.1 | A05 | &B.1( &B.1 ¥l.1| &28
17:20 589 | 6%.1| 6B5 | 638 | 632 | 58F | 46.1 | 404 | &F.6 | 602 | &6.F | FL1| &4b.b6 47.8 | 584
17:40 L56.3 | 45,5 | 427 | 455 | 430 | &4 1 | &4BL | &F.5 | A0F| 653 | F15| 48B4 | 479 450 | 594
18:00 bbb | Fob | 6dd | 462 | 558 | 531 | 468 | &47.1 | &0.1| &7.7 | 7092 | 473 | &4B.3 69.9 | S5FF
18:20 65,1 FoO | 2.1 | 4B8 | 441 | 407 | 49.0 | 4460 | 404 | &B.1| 645 44.1| 488 FO.1| &d4b
18:40 KF.8B | 758 | 470 | 410 | 400 | 433 | &7.F | 490 | 417 | &%.1| 7F0.0 | 43.2 | &B.7 6%.0 | 451
|- | 5 NE CONSTRUCTION (SEGINB) SPEED CONTOUR {Monday)
Section number
Interval Start 1] 1 2 3 4 5 6 ¥ 8 a9 10 11 12 13 14 15
15:00 &56.8 4.5 | 544 | 647 | 448 448 (| 42.6 51.7 | 504 | 633 | 52.F | &64.1 452.0 42.0
15:20 48.0 50| 5746 | &F5 | 442 | 442 ( 458 548 | 512 | 57 1| 53246 | 43.6 48.5 447
15:40 48.8 Fo.h | 576 | 6%.1 | 452 452 ( 44.0 L9.2 | 525 | 58.1( 54.9 | 42.5 48.5 42.0
1400 b5 Fd.h | 562 | 6B5 | 4460 | 440 ( 457 538 | 519 | 58.1( 54.2 | 44.1 487 4 1.0
16:20 &7.2 4.5 | 56,5 | 684 | 450 ( 450 | 45.1 512 | 504 | 572 548 | 51.1 47.5
1440 468.2 Fad4h | Shb | HF4 | 449 | 449 ( 442 544 | 513 | 575 54.2 | 447 4%.8
17:00 &7.1 Fad.5 | 570 | &F.7 | 450 450 ( 44.F7 558 | 51.9| 583 | 551 &44.6 &57.6
17:20 48.0 4.5 | 562 | 682 | 441 44.1 ( 457 582 511 | 5692 | 5292 | &43.5 &8.7 40.0
1740 &7.5 Fd.h | 559 | &68B.1 | 427 | 427 (| 448 L6.1 | 525 | 584 (| 538 | 44.2 48.1 41.3
18:00 &7.3 F50 | 55,7 | 659 | 443 | 443 | 45,2 542 | 51.0| 574 524 | 51.2 &57.5 44.0
18:20 48.2 F50 | 565 | &7 9 | 424 (| 424 (| 453 S0.0 | 51| 577 | 548 | 44.9 48.1
18:40 bb.F 4.0 | 567 | &FF | 435 435 ( 4546 54.1| 51.8| 588 558 | 450 &4%.5 4 1.0
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