NJ |-295: A Perpetual Pavement
Design and Construction Project
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Rt I-295 MP 45 — 57




The |I-295 Problem

= Rt [-295 constructed 1972 to 1974

= Reached terminal serviceability a
decade ago, NJ 101.5 attacks

= PCCP with ASR (alkali-silica reaction)
= | imited pavement pregram funding

= 00,000  ADTr withr 1.1.9% TFIF that must
e maintained durng construction






|-295 Project Specifics

= Rt 1-295 NB & SB MP 45 to 57.3

Threel?2’ travel lanes with 4’ inside
and 12’ outside shoulders

Total paved width 52 ft each direction

= 21 structures within project limits
resulting In 20 undercut lecations te
maintain underclearance

= Full clesure limited te 59 days during
SUummer mentis When traific Is “lewer"







Potential Solutions

= Patch and overlay, cost $26 million
Short service life, not cost effective
Ultimate fix will be more difficult

= Replace broken slabs
Slow and expensive, cost everrun risk
Not a leng term selutien, never ending

= Rubblization and HMA ©verilay.

raffic control difficult: profile:changes




Chosen Solution

= Rubblization with directional closure to
Increase contractor productivity and safety,
reduces project duration and cost

= Hyperbuild to reduce traffic exposure and
obtain public support for directional closure

= Sustaiability: Elements

Rubblization recycles PCCP'in place, limits
excavation and maternal hauling

Engineered HMA base course will'reduce
thickness: save time, $ and the environment




Why Rubblization?

Rubblization $1.46/sy vs. Removal $5.76/sy.
Average of 3 lowest I-295 bids and typical

Rubblization Is cost effective when the
amount of patching Is approximately 10%

Lower Risk to Owner and Contractor

Reduced subgrade exposure tor moisture
damage

AX faster than breaking, excavating, hauling
and placing DGABC with traditienall metheds
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Route I-78 PSPA Test Results

= Elastic modulus Is evaluated from the
average velocity of surface waves

= Seismic testing is a low strain modulus,
reductions should be made to describe it
as resilient modulus

= Modulus varied between 80 and 400 ksi
= Average modulus was 217 ksi



Effective Structural Number for Route 1-295 Northbound & Southbound Left Lanes After
Rubblization, After 3in. Overlay, and After 14 in. Overlay

NB After Rubblization — NB After 3in. Overlay ——NB After 14 in. Overlay
SB After Rubblization —— SB After 3in. Overlay —— SB After 14 in. Overlay

NS e
/ N~

338 339 34.0 34.1 34.3 34.4 34.5
Milepost




Rubblization Design Criteria

= AASHTO M-E Design Guide for Highways
150 ksi for PCCP 8 to 12 inches thick

= Asphalt Institute Airfield Project 2007

S
S
S

a
a
a

NS 6 to 8 In. thick: Moduli from 100 to 135 ksi
NS 8 to 14 in. thick: Moduli from 135 to 235 ksi

ns >14 n. thick: Moduli from 235 to 400 ksi



Initial Pavement Design

= |nitial design performed using 1993 AASHTO
Pavement Design Guide

12" thick HMA over rubblized PCCP, 4 lifts

Rubblized PCCP and subgrade modulus
determined using PSPA and FWD data
from previoeus rubblizion projects

TThe 59 day clesure required extremely high
HMA preduction and placement; up
101.5,000 tens/day.



Initial  Pavement Design

= For 12" thickness, 2400 linear feet (+ width
of bridge) of PCCP excavation at each
structure, 100" transition per inch thick

= From past experience, box outs problematic
pecause they are usually at low points

= ost excavated areas required a 2 it
Lundercut (clay subgrade)

= Acid preducing clay (pH 3.5) limited in-situ
ime treatment



Typical Box Out




Clay

INg

O
>
O
e
LS
ol
i
O
<




Rt. 295 NB Haul Road




M-E Design Approach

= Time and money could be saved by
reducing HMA thickness from 12” to 8

= Evaluated pavement response in MEPDG
(typical NJ HMA materials) and revealed
pottem-up cracking to be an issue at 8™
thickness, alsoe a rutting poetential

= NJDOT decided on perpetual pavement
design with “rich” bettem layer but need toe
develop a specification te Insure. that
PIOPENtIES MET desIgn reguirement




Ad Hoc Team Assembled

NJDOT reached out to industry and
academia to develop a solution

Rutgers University- Tom Bennert
NuStar Energy- Frank Fee
NIJAPA- Wayne Byard

Also consulted with experts frem NAPA,
Kraten Poelymer and a few: others to develop
a level of confidence



Bottom-up Cracking

Repeated Leads to
Bending \ «~— Fatigue Crackin




Bottom-up Cracking

Repeated Leads to
Bending \ «~— Fatigue Crackin




ue Theory for Perpetual

Pavements

High Strain = Short Life

Low Strain = Unlimited Life

Strain

Strain —

70

Unlimited Fatigue

Life
or

Endurance Limit

Fatigue Life

—



Goal of Perpetual Pavement
Design

= Design the structure such that there
are no deep structural distresses

Bottom up fatigue cracking

= | imit tensile strain at bottom of asphait
layer

Structural rutting
= | .ImIt:cOmMpPressive strain at top ofisubgrade

= AllfdIStresses can e quickly
remedied from surface

= Resultina structure with Perpetual’
oI ltong Life



295 — Designing for
Perpetual Pavement

= Need to determine tensile strain at
bottom of HMA
Use Elastic Layer Theory
Use “optimal™ structure and thickness

Need to make sure HMA can withstand
resultant tensile strain

= Need rut resistant HMA

New: pavement section ever: rubblized PCC
— verny stiff so likelihoed of structural rutting
minimal — mere concerned With surface
[Utting




Change Design Methodology

= Evaluated maximum tensile strain with 8”
HMA over rubblized PCC

Used JULEA software — same in MEPDG

Resulted in 82 micro-strains (rounded up toe 100
microstrains to be conservative)

= Final design pavement Cross-Section
2" SMA Surface
3" 19M76 Intermediate Course

3" 0 NJDOT Boettom Rich Base Course

= [Designed specifically for this preject
= Utihzed Endurance Limit concept




Rt |-295 Pavement for Full
Reconstruction

= 2" SMA 12.5 Surface Course
= 3" HMA 19M76 Intermediate Course
= 10" HMA 25M64 Base Course

= 8" Dense Graded Aggregate Base
Course



Endurance Limit

= Used methodology in
NCHRP Report 646
- NCHRP =

= Conduct flexural beam
fatigue at 400 and 800ms

3 samples each

= Use 95% confidence
Interval with' a selected # of

Validating the Fatigue
Endurance Limit fi

urance Limit for
Hot Mix Asphalt

[EPEtitions




HMA Elexural Fatigue Test

= Flexural Beam Fatigue
AASHTO T-321

= Tests mix’'s ability to
withstand repeated
pending

= [Data = numhber of 3 g g
oading cycles to ¢ .
fallure (Fatigue Life) w

= Run at typical strain
(defermation) te
Simulate anticipated
pavement deflections




What Mix to Use?

= With performance evaluation in place,
Rutgers University began testing plant
produced mixes in Fall 2009

= Different base course mixes were evaluated
— nene were successiul

Must achieve an Endurance Limit greater than
100 micro-strains at 100,000,000 cycles (NCHRP
9-38 had used 50,000,000 cycles)

= Reguired design of new mixture
Bottem Rich Base Course - BRBC




Endurance Limit — 191.64

Endurance Limit (Tensile Strain)for 100,000,000
Cycles

19L.64 = 59 micro-strains (FAILED)
19L64 + 25% RAP =47 micro-strains (FAILED)

¢ 19L64 Virgin

= 1964 + 25% RAP




Endurance Limit — 19M76

Calculated Endurance Limit for 100,000,000 Cycles

19M76 + 25% RAP = 68 Micro-strains (FAILED)

*Determined at a 95% Confidence Level

* 19M76 + 25% RAP




BRBC Specification

Table 902.07.03-1 BRBC Grading of Total Aggregate

Sieve Size

Percent Passing by Mass

minimum |

maximum

111

100

3/4’7

90

100

]/211

90

#8

23

49

#200

2.0

8.0

Minimum Percent Asphalt
Binder by Mass of Total Mix

Table 902.07.03-2 Volumetric Requirements for Design and Control of BRBC

Required Density (%
of Max Sp. Gr.)

Voids Filled
with Asphalt

Voids in Mineral
Aggregate

Dust to
Binder Ratio

Draindown
AASHTO T 305

@ Nges (50 gyrations)

(VEA)

(VMA)

Design
Requirements

96.5

70 - 80

>135%

06-1.2

<0.1%

Control
Requirements

95.5-975

70 -80

>135%

0.6-1.3

<0.1%

Table 902.07.03-3 Performance Testing Requirements for BRBC

Test

Requirement

Asphalt Pavement Analyzer
(AASHTO TP 63)

<5 mm@ 8,000 loading cycles

Flexural Fatigue Life of HMA
(AASHTO T 321)

> 100,000,000 cycles@ 100 microstrains




Asphalt Pavement Analyzer

. AASHTO TP 63
s — - 100 Ib wheel load; 100 psi hose pressure
i - Tested at 64°C for 8,000 loading cycles



BRBC Specification

No RAP, it reduced fatigue life
No natural sand, 1t reduced VMA

Binder

PG /6-28 by addenda (NJDOT Spec)
RTEO Elastic Recovery > 60% @ 25°C

(AASHTO -

'301)

Perfermance Specification

APA and Flexural Beam

= Jesting for mix design venfication and
contrel (15t Lot and every 5" Lot after)



Reguired BRBC Protocol

= Conduct volumetric mix design

= Supply loose mix for performance
testing (fatigue and rutting)

= |f'pass, conduct test strip

Loese mix:sampled and again tested
(fatigue and APA)

= |[ipass,; allowed to prodUce for; Project
2 suppliers had passing designs
I supplierhad falling design




General Bid Costs

= Bid price for BRBC lower than cost of SMA
on the project

= Polymer modification kept at a cost
effective price point that could be mass

produced In large guantities

I ¢ :
|CRISDEL ¢
|

LINE HNO
BMOUNT |

ITEM DE
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MPLES, HOT MIX A

ASPHALT 12




Endurance Limit -19M76 vs BRBC

100,000,000 & .
Calculated Endurance Limit for 100,000,000 Cycles

BRBC = 126 Micro-strains

10,000,000

19M76 = 68 Micro-strains

1,000,000 + Winslow Lot #1 BRBC

® American Lot #8A 19M76

100,000

10,000

Fatigue Life (cycles)

1,000

N\

1,000

Micro-strain

NN




BRBC In Field
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BRBC Core Sample




BRBC Core Samples




C Test Results - Fati
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90,000 |

80,000 |

70,000

60,000 -+ 56,728
53,221 52,267

50,000 - 44,323

40,000 | 38,043 35,358

30,000 28.215

20,000
10,000 |
ok
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OC Results - APA

< 5mm APA Rutting Criteria
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Final Project Quantities

= Project cost: $79 million (significantly lower
than engineers estimate)

BRBC eliminated 170,000 tons of HMA

Reduced PCCP remoyval and replacement
material by 64,000 SY, 3 miles x 3 lanes

= BRBC = 177,628 1, 3" min to 5 max

= JOMY6 Intermediate = 127,078 11, 3" lift
12,5 SMA =82,228 11, 2 |Ift

- 2oVicd Base = 156,000



Summary

= NJDOT utilized a performance-based
approach to design and build a “perpetual
pavement” out of an aging 1-295 PCC
pavement
Engineered an asphalt material to. meet a project
SPECITIC PErformance reguirement
= Consisted ofithe final develepment ofithe
NIDOIF BRBE miX:Specification
Saved NIDOIrover S7million
Performance testing/reguired for; acceptance
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