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Warm Mix Asghalt: Leveraging the Benefits, Dr. Leslie McCarthy, P.E., Villanova University, PA

Superpave 5, Gerry Huber, P.E., Heritage Research Group, Indianapolis, IN

Maximizing Pavement Life - 1, Considerations for Pavement Design, Mark Blow, PE., The Asphalt Institute,
Harrisburg, 5D

Maximizing Pavement Life — 2, Considerations for Construction Practice, Mark Blow, P.E., The Asphalt Institute,
Harrisburg, 5D

Use of Advanced Technology for Quality Assurance in Alaska, Rich Giessel, P.E., Anchorage, AK
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Chatfield, PE., Western Federal Lands Highway Division, Vancouver, WA

Testing fine agoregates according to A4SHTO T84 and the CoreLok device, Dr. Sunil Sharma, PE.,
University of Idaho, Moscow, ID

Tack Coat Synthesis, Mark Blow, P.E., The Asphalt Insfitute, Harrisburg, 5D
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Speakers of the 58th Idaho Asphalt Conference, October 25, 2018

From Left: Gerry Huber, Fouad Bayomy, Megan Chatfield, Leslie McCarthy, Mike Santi, Richard Giessel, Mark Blow, and
Emad Kassem

Not Pictured: Sunil Sharma
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NCHRP Project 20-44(01):

Increasing WMA Implementation by Leveraging the
State-of-Knowledge

Assess published
and gray literature
related to WMA

Topical
Bibliography

Establish and
communicate WMA
state-of-the-practice

Survey Agencies

and Industry Topical Webinars

Dialogue for 2-Day 1 participant per Topics for
agencies, industry,  FelEe SR ER DOT, asphalt Breakout
and researchers Workshop contractors Sessions



Presenter
Presentation Notes
Transition Message:  The NCHRP Project 20-44 contains a number of elements to define the state-of-the-knowledge and state-of-the-practice for the implementation of WMA mixtures.

Objectives
Identify barriers to broader use and implementation of WMA
Review definition for WMA and details of WMA specifications
Update performance criteria for WMA based on feedback from agencies and industry
Improve and expand tracking mechanisms for WMA usage

The research approach shown will assist in shedding light on the barriers that prevent more consistent and/or expanded use of WMA mixes across the nation.  

By reaching out to stakeholders (agencies, contractors, producers, and researchers) with a clear outcome-based approach, a methodology for measuring and promoting the implementation of WMA and its future technologies can be developed most effectively.

Task 1: a review of available literature will be conducted for the purpose of compiling a topical bibliography concentrated on WMA products, specifications, performance, and implementation efforts. The findings from the activities conducted in Task 1 will inform the content and speakers to be included in the topical webinars. 

Task 2:  establishing the state of the practice will be done through the application of a brief survey of agencies and asphalt industry representatives. Then, communication of the state-of-the-practice and state-of-the-research will be done through these topical webinars that you are currently viewing. The idea is to describe the state-of-the-practice at a broad level in order to give all participants an idea of what’s currently being done in terms of research, current practices, typical protocols, and gaps in current practice (what is still needed, or what isn’t going well).

Task 3: Conduct a workshop to identify the barriers encountered by the state DOTs in the implementation of WMA specifications and establish and update WMA implementation performance indicators.


Warm Mix Briefs

NCHRP Project 20-44: Increasing WMA Implementatior
by Leveraging the State-of-the-Knowledge
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Presentation Notes
Transition Message:  The NCHRP Project 20-44 topical webinars are intended to get all participants the same baseline information with which to be most productive at the 2-day workshop on May 8-9, 2017.

Instruction:.

Quickly review the titles of each Warm Mix Brief

Mention that each of these is stand-alone, limited to 20 minutes each, and can be watched in any order

These do not all have to viewed in one sitting.

Request that each of these be viewed prior to attending the 2-day workshop in beginning of May 2017.




Survey of Agencies and Industry

Definitions of WMA A%
Practices related to use and

performance of WMA

Identify barriers to better adoption of

tools for WMA implementation

|ldentify observed or perceived challenges to increased
usage of WMA

|dentify best management practices (BMPs) for successful
use of WMA on paving projects


Presenter
Presentation Notes
Questions will probe contributing factors related to WMA implementation such as observed field damage (types of distresses); approaches to mitigate distresses during mixture design, mixture production, construction, and/or maintenance activities; testing and acceptance criteria; information about certification of WMA products and specification guidelines; cost factors; and, decision-making and/or best management practices available that achieved better performing WMA pavements.  The survey will also seek to identify the perceived or observed barriers to better adoption and usage of WMA and issues with specific WMA technologies

The research team also proposes to include the perspective of other practicing agencies by collecting information via phone interviews with management at the American Public Works Association Transportation Committee, the League of Cities, and the National Association of County Engineers, as well as the appropriate staff at the US Army Corps of Engineers and the FHWA Federal Lands Division. 



Survey: ldaho Responses (2017)

WMA reported to be < 10% of total asphalt proportion in 2016
Interest in continuing education programs
Allow contractor’s choice for WMA rather than specifying its use

Incorporate procedures to show WMA is not that different than
HMA

AGENCY SURVEY =


Presenter
Presentation Notes
Blue states responded to survey and are attending workshop
Orange states responded to survey but were unable to attend
No response from only a few states

Also we had responses from 3 counties, 2 cities, Fed Lands, 1 provincial MOT, and the PA Turnpike 

Industry survey:   responses from contractors in blue states



What really is Warm Mix Asphalt?

55 agencies - - 51 different definitions for WMA

No specific

WMA Technology Use definition
(additives, foaming, etc.)
Compaction
aid

Temperature range requirement

Defined per
AASHTO R35

>

Better performance
compared to HMA



Presenter
Presentation Notes
Idaho answered that it uses its HMA mix design and allows Contractor to “drop in” the WMA additive



Why Capture WMA Usage ?



For Consideration...

Changing standard practice
(specifications and designs):
protector and/or barrier?

Environmental, social, and cost
implications of mix design and
durability (2015)

> 92% of all U.S. paved roads are
surfaced with asphalt products (2012)



Presenter
Presentation Notes
2. Need for specialty mixtures for safety, noise, structural considerations…and their environmental and cost implications

3. Changing standard practice (specifications and designs)
Are specifications that limit the use of lower impact materials  effective in reducing the risk of poor performance, or just do they  prevent the opportunity to improve the overall sustainability of a  pavement project?
Is the pavement designed to make the best use of lower impact  materials without compromising performance?
4. Trade-offs to reduce impact require life cycle consideration
Environmental impacts of material
Performance and replacement frequency
Transport distances
Ability to recycle in the future
5. Sustainability goals of the organization


Driving Factors for Warm Mix Asphalt

 Environmental & societal concerns
— NIMBY

— Reduce haul distances by opening WMA-only plants with reduced
temperatures (encourages use of local materials)

e Sustainable development

— Increase material performance and time between future maintenance
and rehabilitation treatments

 Green construction
— Easily combined with recycled materials L 1
e Reduction of energy consumption ™
e Reduction in CO, emissions ‘
e Reduced worker exposure
— Faster compaction “get in, get out, stay out”

e Extension of construction season
— Faster project delivery
— Reduced user delay costs over time



Presenter
Presentation Notes
Increase material performance and time between future  maintenance and rehabilitation treatments



WMA Tons (Millions)
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Presenter
Presentation Notes
For contractors, whose customers are not only the DOT, this disparity makes it hard to fully commit to WMA production

Efforts to encourage LPAs to accept WMA can help paving contractors to be more efficient and will positively affect pricing in the long run


Material - Equipment Use
extraction and - Transport
production - Traffic delay

Construction /

Transport .
Maintenance &

Materials
Production

Rehabilitation

- Pavement vehicle interaction

- Noise

- Runoff

- Lighting

. S.afet.y - Recycle
- Lighting _ Landfill

End-of-life

Use

From: Kendall et al, 2010


Presenter
Presentation Notes
When applied in the pavement system,  the pavement life cycle  includes…

An often omitted phase in previous  studies is the use phase,  although it is critical to modeling  life cycle GHG emissions. This is  because the vehicle rolling  resistance can be affected by  pavement, and this effect applies  to every single vehicle using the  pavement.


No Temperature Drop? No Effect?

Energy Consumed in an Asphalt Pavement Life Cycle
(from FHWA 2015)

Material
Production

Construction

a fuel - 1
due to IRI-related Mamtenan&
roughness

0.3% End-of-Life

12


Presenter
Presentation Notes
One can see that the temperature drop only really impacts the material production and construction phases (~ 5% of total energy consumed).

So, the WMA usage still has a potential benefit by its impact on the Maintenance and Use phases, which carry more impact on energy consumption overall (~95%)


WMA & the Use Phase

Pavement Characteristics Impacts on Pavement Use Phase

Structural
Responsiveness

Macrotexture

Roughness

Permeability

Albedo, Heat Capacity,
and Conductivity

Vehicle Fuel Consumption
and Emission

Noise *
Safety *

Stormwater Runoff
and Pollution

/.

]*
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.
2
e

)
A
Y
A

Temperature ?

Yy
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Presentation Notes
The characteristics are items that an organization can measure to capture impacts of using Warm Mix Technologies…even if they are used without reducing the temperature at production

Quality must be reflected in both structural and  functional (e.g., friction, noise, IRI) characteristics.
 Example: strong, durable pavements with poor ride may  have high costs of fuel, vehicle maintenance, and  damage to transported goods.
Durability/longevity is a primary factor impacting  pavement sustainability.



Driving Factors for Warm Mix Asphalt:
*Without Temperature Reduction®

e Environmental & societal concerns

— Reduce haul distances by opening WMA-only plants with reduced
temperatures (encourages use of local materials)

e Sustainable development

\ — Increase material performance and time between future maintenance
and rehabilitation treatments

* Green construction
— Easily combined with recycled materials
e Reduction of energy consumption
— Less compactive effort, drop one roller compactor
* Reduction in CO, emissions .
 Reduced worker exposure

— Faster compaction “get in, get out, stay out”

x Extension of construction season
— Faster project delivery
— Reduced user delay costs over time

14
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Presentation Notes
Even if we take “Temperature Reduction” out of the equation… there are still documented benefits to using WMA technologies at HMA temperatures



IDEAS for IDAHO



The Challenges...

Agencies Contractors Other

e Limitations with e Lack of incentives e Lack of effective
existing within existing bid technology transfer
specifications environment tailored to the right
e Temperature e Lowest bid price wins audiences

requirements project

e Prescriptive or
permissive specifications

e Neither type rewards
innovation

e Limitations on
allowable
technologies

e Longterm

* Logistics of plant performance and/or
production for track record not
various customers available for all WMA

technologies

16



Production & Construction Challenges

 Aggregate moisture concerns & condensation
in silos or baghouses
e Switching between

HMA and WMA

in production
(different customers =
different requests)




Review Bidding Environment

* Provide incentives for using WMA
— If there is an incentive, verify use of WMA

— Bid review includes technical points for use of WMA,
which could offset the cost of additives & production
changes (which results in higher bid costs)

e Create a WMA specific bid or line item

e Challenges with realizing full savings in a low-bid
environment

18
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Presentation Notes
Last bullet:   e.g., longer haul, dropping roller, better density



The Solutions...

( = | More effective training documents for target audiences

i *Short online videos, 1-pg targeted briefing documents

Don’t use method or permissive specifications

*Shift to end-result or performance-based specs

. Create case studies & a process for agencies to collaborate

* Tie into or expand asset management database for WMA

iﬁ‘f Repository for approved product lists and technology updates

i 7'15 Clearly communicate benefits for local agencies & contractors



Presenter
Presentation Notes
Need to manage the perception of risk
Communication gap between design and materials engineers at DOT, and between state and LPAs
Training needs to be brief and to the point
Lack of education on proper dosage rates, especially with new products



Is a guide specification enough? WMA item called out specifically?
Loosen up the spec, incentivize the contract (LEED-type credits)?
How do local agencies procure asphalt mix?

What contract types are available for local agencies to use WMA?
Is the state’s APL clearly written for local agencies to access?

What should the performance criteria be for other spec types?


Presenter
Presentation Notes
Stakeholders in Idaho could revisit the topic of WMA and consider the following in their discussions: 
Specifications that proactively encourage the use of warm mix technologies? Incentivize the contract by including some LEED-type credits? 
How does the DOT Approved Product List (APL) facilitate the use of new warm mix technologies by contractors?  Is the state’s APL clearly written for locals to access?  How do local agencies procure asphalt mix?

On the last bullet, point out that some DOTs indicated in the survey that the advances in performance testing should allow the freedom for more use of new WMA technologies




Presenter
Presentation Notes
Long Term Impacts and Cooperative efforts:  Energy savings …. Air quality… Site monitoring…PMS…Maintenance
FHWA LTPP will have 10 years of data;

Communication between departments within an agency must be a priority
e.g., Capital Projects department should be aligned and communication with the Operations unit that does maintenance

Database: WS DOT’s PMS is example of how data can be used to drive decisions
- Starting point for evaluating pavement performance data is inventory of pavement structure.  WSDOT has some information available here, but details (like compaction records or WMA/HMA changes) are in a separate data base.  Linking construction records with network measures is complicated because construction project may have different location reference system (usually construction stations).


Cost savings should be quantified: reduced equipment needed, work zone duration, emissions reduction, and energy savings



EXAMPLE: Quantifying Traffic Delays

» Often ignored in pavement LCAS

¢ Traffic simulator to estimate driving schedule under
changing roadway capacity

*» EPA's MOVES software to calculate additional
emissions and energy consumption with
changing driving schedules

22



EPAs MOVES EPAs NONROAD

Emission modeling Emission modeling
system for mobile system for non-road
sources equipment
Energy consumption Energy consumption
Emissions to air Emissions to air

120+ emissions HC, CO, NOx, PM, SO2,

and CO2

From: FHWA, 2015


Presenter
Presentation Notes
Simulation variables for MOVES:
Vehicle-related variables
Vehicle types
Fuel type
Time & geography
Time-specific (i.e., year, month, hour)
Region-specific (i.e., state, county)
Road-related
Road type (rural, urban, etc.)
Geometric design features



Construction equipment

Hauling

Total use-phase traffic emissions

Road related use-phase traffic emissions

Congestion & work zone-related emission
Inventories
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From FHWA 2015


Take Idaho 53 for example...

Review ITD Road Data

e Heavy truck count?
e C(Closest asphalt plant?
e Maintenance schedule?
e Pavement condition history? |

Road Data

Haycrop

Traffic Counts Map: IS vement Management

A Brief History of Idaho Pavement Management

In 1977, the Idaho Transportation Department began a review of existing pavement management pr
acquired a Pavement Perfor ment Information System (PPMIS) and made i
and modified it to meet sp itions in Idaho. It was tested and refined by both ITD and

optimization.

In 2007, ITD began running our pavement data through the HERS (Highway Eq
ersindex.cfm. This enline soff FHWA uses pavement dete
manipulated by hand in er to meet th nditions of Idaho weath:

The new PMS System

In 2009, ITD purchased a pavement management and maintenance management software pacl This new software housed a pavement management system (A

maintenance management system (MMS) to work in tandem as part of the Department’s long-term vision for asset management. This software contains a robust

houses several kinds of data, such as bridges, maintenance activities, pavement condition, traffic data, skid data, R-values, horing logs and several others.

The Pavement Management System (PMS) has allowed 1TD to refine the way we calculate and analyze data, by:

alibrated by ITD engi

24
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This segment of ID 53 has 9000 ADT but what is the amount of truck traffic?


ldaho SR53: Case Study for WMA?

&

.0

L/

* Top-down cracking in wheel paths?
v WMA = better compaction, less susceptible to
TDC

SR-53 Candidate for Tracking
Performance of WMA...
e Cost (bid, construction, etc.)
Haul distance
Time for constr./user delays

e Compaction information _ N\
* Monitor performance, and

manual maintenance schedule

* Public complaints & noise B RN
e Safety and IRl over time 24




NEXT STEPS

e Qutreach ideas

— Community of practice for WMA users (industry & public and
commercial sectors)

— Grant programs

— Contractor outreach/education to customers

Talk with your DOT — your thoughts count!

27
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Leslie McCarthy, Ph.D., P.E.
Associate Professor of Civil Engineering

Villanova University
Leslie.mccarthy@villanova.edu
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Presentation Notes
Transition Message: Summarize the content for this presentation topic.

Instruction: Jot down your 2 ideas for how you can contribute to the goals of the 2-day workshop on your notes. Be prepared to bring those to the workshop as part of the discussion in May.
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Superpave5

Superpave Design at
Five Percent Air Voids

Gerry Huber
Heritage Research Group



Marshall Mix Design

* Design Air Voids 3-5%

* Field Compaction

e 8% after rolling
e 4% after traffic




Strategic Highway
Research Program

e “Marshall” carried forward
* Design air voids fixed at 4%

* Recommended compaction
e Set at 92% Gmm




As-Constructed Air Voids
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Performance Good




Superpaveb

Inspired by LCPC




Superpave 5 Concept

* Mix Design * Field Compaction
5% air voids 95% Gmm

* No change in asphalt
content







/ Purdue University Evaluated
Engineering Properties

| MixtureType _

ESAL Gyrations 9.5-mm 19.0-mm

70 X
3-10 o .
million >
30 X
70 X X
10-30 o . .
million >
30 X X



Study Conclusions

* Designs at 4% Air Voids
And 93% Gmm Compaction

100 gyrations

7pa

* Designs at 5% Air Voids 3@ gf’fatiﬁns

And 95% Gmm Compaction



Desigh Recommendations

* <3 million ESALs 30 gyrations

* 3 million to 30 million ESALs 50 gyrations

- >3o-millienESALs Zo-gyrations




/ SR 13, Middlebury, Indiana

* 2013 Trial Project

* 13,400 AADT am mnl
e 19% heavy trucks ?

% ? EA'\

\, County Road 3

oad 13 L :
8|

2.20 miles



Mix Designs

| Superpaveg Superpaves

#11 Steel Slag

#12 Limestone
Stone Sand
Natural Sand
RAS (Shingles)

40
20

15
18

7

43
17
18
15
7
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Gradation

PERCENT PASSING
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Mix Designs

| Superpaveg Superpaves

#11 Steel Slag 40 43
#12 Limestone 20 17
Stone Sand 15 18
Natural Sand 18 15
RAS (Shingles) 7 7
| Superpaves | Superpaves
Gyration 100 30
Asphalt Content 5.1% 5.4%
Recycled Binder Ratio 0.206 0.193
Air Voids 4.0 5.0

VMA 15.5 17.0












Mix Construction Properties

_ Superpave4 Superpaves

Design QC QA Design QC QA
Asphalt, % 5.1 5.1 5.0 5.4 5.5 5.2
Air Voids, % 4.0 3.5 4.1 5.0 4.5 4.0

Density, %Gmm - - 01.6 - 04.7 96.9



-

k 2018 Core Locations

1 206+66 222

2 147+37 180+25
124+

3 i 214+74

Project built June 2013






Core Properties

Loc1 Loc 2

Thickness, in. 1.47 1.48
Asphalt, % 5.34 5.35
Density, %Gmm 01.8 04.0

Loc3 Loc1
1.36 1.39
5.56 5.07
92.3 95.7

Average Values

Loc 2

1.43
5.36

93.6

_ Superpave4 Superpaves

Loc 3

1.69
5.82

96.6



Permeability
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Recovered Binder Master Curve
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Glover Rowe
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Glover Rowe, SP5, Location 3
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Glover Rowe Results

Glover Rowe Value Expected
Performance

Should crack
Might Crack
Should crack
Should Not Crack
Might Crack
Should Not Crack

Location 1
Superpave4 Location 2
Location 3
Location 1
Superpaves Location 2

Location 3

363
858
170

315



Recovered Asphalt Binder Grade

Superpave4 Superpaves

Location

Average

High
Fail

Temp.,

°C

99.1

97.0

103.9

100.0

Low Fail Low Fail
Temp  Temp,

m, °C

-15.6
-20.4
-12.7

-16.2

S, °C

-24.8
-25.8
-23.1

-24.6

A'Tc, °C

-9.2
-5.4
-10.4

-83

High

Temp
Grade,

°C
95.4
96.5
Q0.1

94.0

Low

Temp
Grade,
m, °C
-20.5

-18.5

-24.1

-21.0

Low Fail
Temp.,
S, °C
-24.9
-23.4

—25.7

-24.7

A'Tc, °C



rre

lation PG High Temp to

In-Place Air Voids

106 -

High Temperature Grade, C
QO
)

e O
L O

[
R*=o.9u7 .;
' [
o @
=
2.0 4.0 6.0 8.0

Air Voids, %

10.0



rrelation PG Low Temp tc

In-Place Air Voids

=
O
)
S
£
O RZ ‘
3 R
el
| @
é-zo | o =
ﬁ =
3 _25 3 "
)
—
-30 I I
2.0 4.0 6.0 -

Air VOidS, %

10.0




pProrrelation Delta Tcto
In-Place Air Voids

O -—

_2 -

Delta Tc, C
N &

%
1

‘®.
R*=0.9544"
o

-
=)

.L
N

6.0 8.0 10.0
Air Voids, %

N

©
enfiiil

©



—

Pavement Condition Collection




Superpaveb



















Asphalt Binder Properties

¢ Construction
e 80% PG 70-22
e 20% PG 130 -0 (est.)

AN

Effect on

* Five Years in Service o ?
PG 100-16 Lﬂf@ -

e Superpave4

[ .

e Superpaves PG 94-21
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Maximizing Pavement Life — Part 1

Considerations for Pavement Design
Mark D. Blow P.E.
Sr. Regional Engineer
Asphalt Institute
Oct. 25, 2018
Moscow, Idaho



A.K.A.- How To '\

asphalt‘ institute

Design, Construct and Maintain
HMA Pavements to Maximize
Pavement Life




Pavement Design

asphalt‘ institute

(A
TATION

® o il MENT OF TRANSPOIR
B PLANS FOR PROPOS INDEX OF SHEETS
I I l e r e ; i PROJECT NH-P 0019(43)0 LR s i
[ ] ] e : ! SD HIGHWAY 19 .' Treb

St

CLAY COUNTY
ASPHALT CONCRETE RESURFACING,
PAVEMENT MARKING & GUARDRAR

END SD19
NORTH SEGMENT

MILEAGE 17.024
{48 N of Jct 307th St)

. 3
b END SD18 o
BEGIN 5019
Sy o SOUTH SEGMENT
MRM 4.00 +1,161 Plawe . 0+00
MILEAGE 5.161 " . ! Lo
(75' SW of Joi § SDS i 1 ' .
’ &
=4

. Lift Thickness _
& Mix Type L=

2" Class Q2 Hot Mixed Asphalt Concrete Q 0.5" Asphalt Concrete Levellng LIft

(A1 End Curb & Gutter
105' N of SD50 Edge)

#0 19 DEHGH DESIGNATION
EEGMENT  EQUTH MID  HOATH
1355 1081 1

PROJECT LENGTH

NORTH SEGMENT
plles | 122, M

5 | 12 | 6 5 | 12 | 5 o
! 1

Slope: 0.02'Ft
L7777

Varlable Depth —
Class Q2 Hot Mixed
Asphalt Concrate

= Shoulder LIft

_—— Varlable Depth
Class Q2 Hot Mixed
Asphalt Concrete

= Shoulder LIft

2" ** Asphalt Concrete In Place

2" ** Asphalt Concrate In Place

1.5" Base Course,
** Asphalt concrete depth tapers from 2° to 1,5" Salvaged In Place
across the widih of the shoulders




Binder Type

Design - Section 1



Prevent Thermal Cracking '\

asphalt institute

e Use PG -34 Binders on New Construction
e 25 year old SHRP recommendation

.........
(98% Reliability)

m 45
m -40
N 34
28
f n 22
16
m -10
|

LTPPBind v3.1
https://infopave.fhwa.dot.gov/Page/Index/LTPP_BIND



On overlays ' N

asphalt‘ institute

Consider high performance binders on overlays
e Reduced rutting
e Reduced cracking
e Better crack seal performance
* Maintain existing crack resistance

PG 64-22 modified, no rutting PG 67-22 unmodified, 15mm rut
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But what does it cost? YN

asphalt institute

2016 SDDOT Ave. Unit Bid Prices

Average

Description Unit Total Quantity Bid Price

PG 58-28 Asphalt Binder Ton 15,547.30 $433.74
PG 58-34 Asphalt Binder Ton 125,661.00 $485.86
PG 64-22 Asphalt Binder Ton 519.60 $470.63
PG 64-28 Asphalt Binder Ton 182,175.80  $457.38
PG 64-34 Asphalt Binder Ton 61,502.20 $499.15

Highest to Lowest Difference = $65.41/ binder ton
@ 6% Binder = $3.92 / ton of mix



Simple county overlay y'N

asphalt|institute

10 mile overlay, No milling

% of Project

Item Quantity Units Unit Price Amount Cost
PG64-28 1,575.50 Ton $462.07 S 727,991.29 48.5%
Class E Mix 25,627.20 Ton S 22.82 S 584,812.70 39.0%
% Binder 6.1% Tot.MixCost= S 1,312,803.99 87.5%
Tot Project Cost= S 1,500,814.57 100.0%

Assuming a $65.41 binder cost increase,

Expected Service Needed increase in

Life (Years) Life (Years)
Binder cost increase 14.2% 15 1.0
Project cost increase 6.9% 20 1.4

25 1.7




Complicated Interstate overlay F'N

asphalt institute

20 + mile overlay, underdrains etc.

% of Project
Item Quantity Units Unit Price Amount Cost
PG64-28 1,823.80 Ton $400.00 $ 729,520.00 3%
PG64-34 11,152.60 Ton $430.00 S 4,795,618.00 21%

Tot Project Cost= S 22,565,024.00

Assuming a $65.41 binder cost increase,

Expected Service Needed increase in

Life (Years) Life (Years)
Binder cost increase 15.4% 15 0.6
Project cost increase 3.8% 20 0.8

25 0.9




Smaller Urban / Grading F'N

asphalt|institute

1 mile 3-Lane, grading, C&G, sidewalks, lighting and new
asphalt surface

% of Project
Item Quantity Units Unit Price Amount Cost
PG58-28 447.70 Ton $730.00 S 326,821.00 9.3%
Class HR 9,518.50 Ton S 33.00 S 314,110.50 8.9%
% Binder 4.7% Tot.MixCost= S 640,931.50 18.2%

Tot Project Cost= S 3,521,707.00

Assuming a $65.41 binder mix cost increase,

Expected Service Needed increase in

Life (Years) Life (Years)
Binder cost increase 9.0% 15 0.12
Project cost increase 0.8% 20 0.17

25 0.21




LTPP Studies YN

asphalt institute

Quantifying the Effects of PMA for Reducing
Pavement Distress

N This study (published in
Feb 2005) used national
field data to determine

Quantification of enhanced service life of

the Effects of

Polymer-Modified Asphalt

e Pavements containing
1i | polymer modified binders
versus conventional
binders. The data is from a
variety of climates and
ER215 gy traffic volumes within

=™ | North America.

12
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AI study done by Harold von Quintus using LTPP database


Summary of Expected Increase in Service Life,

Years, Based on M-E Damage Based Anahgsisit|insiitute

Assumptions: Unmodified sections designed for 20 yr. life. Also, PMA in top 4 inches.

Non-expansive, coarse soils 5-10
Foundation |Expansive and plastic soils (P1>35) 2-5
Frost Susceptible in cold climate 2-5
Deep 5-10
Water_ Table Shallow; adequate 5-8
& Drainage _
Shallow; inadequate 0-2
HVIA Good 5-10
Existing Poor-extensive cracking 1-3
Pavement
Condition |pee 1220 =
Poor-faulting & cracking 0-2




Continued: /N

Summary of Expected Increase In Service Li@an(ihSiute

Assumptions: Unmodified sections designed for 20 yr. life. Also, PMA in top 4 inches.

Climate: Hot Hot Extremes 5-10
Temp. Mild 2-5
Fluctuations Cold Cold Extremes 3-6
Intersections 5-10
_ Low Thoroughfares 3-6
Traffic, Truck Heavy Loads 5-10
Volumes
Moderate 5-10

High 5-10




Recycled Binders

asphalt‘ institute




NCHRP Project D9-12 y'N

asphalt‘ institute

NCHRP REPORT 452 - Results

*Blending occurs at higher RAP
contents. At low RAP contents,
effects are not significant.

e Results from all phases support
concept of a tiered system.

* Mix ETG recommendations
were largely confirmed.



NCHRP 9-12 Recommendations '\

asphalt‘ institute

RAP mixtures should be able to perform
at least as well as virgin mixes.

No Change in Binder Grade 15% or less
One Grade Lower 16 - 25%
Use Blending Charts >25%

Adopted in AASHTO M323

Superpave Volumetric Mix Design



Moderation is the key

"I LIMIT MYSELF TO ONE
GLASS OF WINE A DAY."



TURNER-FAIRBANK HIGHWAY RESEARCH CENTER

Project #1:

High RAP (RAS) + WMA
Accelerated Pavement Test




TURNER-FAIRBANK HIGHWAY RESEARC

The Experiment

Structure Materials
* 10 Lanes (10 Mixes) » 2 Binder Grades

- Build in 2013 * RAP/RAS
« 2 WMA Technologies
3 ABR contents

22n Crushed Aggregate Base

Subgrade




TURNER-FAIRBANK HIGHWAY RESEARCH CEN_

Accumulated cracking (inches)
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Lane 9
Lane 2
Lane 3
Lane 5 Lane 11
\ / Lane 6
Lane 8
/ ane 4
Lane 1
Lane 7
v, /
0 5 10 15 20 25 30 35 40 45
Number of load passes x 10000
——Lane 1-0% ABR Control PG64-22 ——Lane 2-40% ABR RAP PG58-28 WMA Foamed
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Lane 5-40% ABR RAP PG64-22 Lane 6-20% ABR RAP PG64-22
——Lane 7-20% ABR RAS PG58-22 Lane 8-40% ABR RAP PG58-22 WMA EvothernB

——Lane 9-20% ABR RAP PG64-22 WMA Foamed ——Lane 11-40% ABR RAP PG58-28
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Wisconsin Highway Research Program

* Project 0092-14-06 Critical Factors
Affecting Asphalt Durability

— Evaluate changes to the composition of
asphalt mixtures that WisDOT should consider
to improve durability

* Resistance to load associated cracking
* Resistance to aging

http://wisconsindot.gov/documents2/research/14-06-
revised-final-report.pdf

AO’?TATIO\“\

Advanced Asphalt Technologies, LLC

—

“Engineering Services for the Asphalt Industry”



lllinois SCB (Flexibility Index)

L
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Effect of Recycled Binder

No Grade Change AASHTO M 323 Change
% of % of
Low Control Low Control
VBE |Grade| RBR | Fl Life VBE |Grade| ABR | Fl Life
105 | -28 | 0.00 | 65 | 100 || 105 | -28 | 0.00 | 65 | 100
105 | -28 | 0.05 | 6.0 92 105 | -28 | 0.05 | 6.0 92
105 | -28 | 0.10 | 5.5 84 105 | -28 | 0.10 | 55 84
105 | -28 | 015 | 5.0 77 105 | -28 | 0.15 | 5.0 77
105 | -28 | 0.20 | 4.5 69 105 | 34 | 020 | 69 | 105
105 | -28 | 025 | 4.0 61 105 | 34 | 0.25 | 6.3 97
105 | -28 | 030 | 3.5 53 105 | -34 | 030 | 538 89

Advanced Asphalt Technologies, LLC

—

“Engineering Services for the Asphalt Industry”



Thickness Design

Design - Section 2



Pavement Design ' N
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7’6veXpress

A Simplified Pavement Design Tool
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MEPDG (24su70 2000) ’A
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AASHTO has been developing
MEPDG for high volume roads,
but a gap has developed for
local roads and lower volume
roads.

www.PaveXpressDesign.com 27


Presenter
Presentation Notes
For the past 15 years, the American Association of State Highway and Transportation Officials (AASHTO) have been developing a new pavement design methodology for use by state highway agencies (SHAs) known as the Mechanistic-Empirical Pavement Design Guide (MEPDG). While an improved approach to design high truck volume pavements for SHAs, the practicality and applicability to local agencies and consultants for low volume road designs are questionable. 

Many agencies have long been comfortable with the 1993 AASHTO Guide for the Design of Pavement Structures and the associated software known as DARWinTM. However, the DARWinTM software is no longer available and local agencies and consultants were faced with a lack of well supported pavement design tools in the marketplace. 



What IS PavexprESS? asphaltin!ﬁn

A free, online tool to help you create simplified pavement designs using
key engineering inputs, based on the AASHTO 1993 and 1998 supplement
pavement design process.

 Accessible via the web and mobile devices
Free — no cost to use

Based on AASHTO pavement design equations
User-friendly Pave Xpress YOl
Share, save, and print project designs \
Interactive help and resource links |

www.PaveXpressDesign.com




Perpetual Pavement Design Software 4

PerRoad

PerRoad is uses the mechanistic-
empirical design philosophy. The
program couples layered elastic
analysis with a statistical analysis
procedure (Monte Carlo
simulation) to estimate stresses
and strains within a pavement. In
order to predict the strains which
would prove detrimental for
fatigue cracking or structural
rutting.

www.asphaltroads.org/perpetual-pavement

29



What does a P. P. look like? '\
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Durable, Fatigue Resistant

Max Tensile Strain Material 3" to 4"

Pavement Foundation

30



Ya But, Ya But
Does
Asphalt

Really Last ?



asphalt‘ institute

HIGHWAY 090 E
Beginning MRM = 98.14
Ending MRM = 102.00
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Roadbed Layer
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Roadbed Layer

1964/BBE3/4.0
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Roadbed Layer
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Roadbed Layer

ER =0 e NN el LA | I Y R R R

1964/EUE/6.0

32

L



' N

asphalt‘ institute

HIGHWAY 090 W
Beginning MRM = 124.23
Ending MRM = 142.00

\ UNKNOWN _a

190 Cactus Flat W. = 780 TADT
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Ending MRM = 142.00
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STRUCTURAL DESCSI@ION CRCP TKSID
Surface Type FD FD AC/N/D AC/N/D
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Widths-RDWY/ROW-Predom/Min 038/220/220 038/220/220 19741CC 180
Roadbed Layer 1 2012/TM/0.4 2012/TM/0.4 [ ola=l 2014/CD1/10.5
Roadbed Layer 2 2002/AS3/1.3 2002/AS3/1.3 2014/BS4/5.0
Roadbed Layer 3 2002/AH3/1.5 2002/AH3/1.5
Roadbed Layer 4 1990/AR4/1.2 1974/AG3/3.0
Roadbed Layer 5 1974/AG3/1.8 1974/AE3/9.0
Roadbed Layer 6 1974/AE3/9.0 1974/BL3/12.0
Roadbed Layer 7 1974/BL3/12.0
Roadbed Layer 8
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24 (024)

Lf Shidr width{iff1 6 (06) / (0)

Rt Shidr Width-§ = = 6 (06) / (0)

Widths-RDWY/ROV ) [ 036/200/200

Roadbed Layer 2008/TS3/0.4

Roadbed Layer 1999/TC/0.0

Roadbed Layer 1990/T53/0.5

Roadbed Layer 1986/AG3/2.0

Roadbed Layer 1975/T53/0.5

Roadbed Layer 1967 /AG3/32.0

Roadbed Layer 1967/AE3/5.0
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How it looks today y'N
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Maximizing Pavement Life — Part 2

Considerations for Construction Practice
Mark D. Blow P.E.
Sr. Regional Engineer
Asphalt Institute
Oct. 25, 2018
Moscow, Idaho



Lift Thickness and
Mix Type

Design - Section 3



y'N

asphalt‘ institute

(A

U.S. Department
of Transportation
Federal Highway
Administration

https://www.fhwa.dot.gov/publications/research/infrastructure/pavements/asphalt/HMA. pdf
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Recommended Lift Thickness
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FIGURE 3: Recommended Mix Types for Surface, Intermediate and Base Courses
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NMAS grading is different than older “Topsize”
Grading

Old Rule of Thumb - Minimum lift thickness = 2x Topsize

NMAS - Minimum compacted thickness
v'4 times nominal aggregate size

v'3 times nominal aggregate size for fine graded
mixtures

e Thicker lifts are easier to compact
e Cool slower providing longer compaction time

Minimum ------=---- NOT MAXIMUM !



Mixtures can vary significantly
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Table 1
Requirements Class D Class E Class G
Type1 | Type 2 | Type 1 | Type 2 | Type 1 | Type 2
Sieve Percent Passing

1 inch 100 100 100
3/4 inch 97-100 | 100 |[97-100| 100 | 97-100 100
5/8 inch
1/2 inch 75-95 | 97-100 | 75-95 | 97-100 | 75-95 | 97-100
3/8 inch
#4 45-75 | 60-80 | 45-75 | 60-80 | 45-75 | 60-80
#8 30-55 | 40-60 | 30-55 | 40-60 | 30-55 | 40-60
#16 20-45 | 25-50 | 20-45 | 25-50 | 20-45 | 25-50
#40 10-30 15-35 | 10-30 | 15-35 10-30 15-35
#200 3.0-7.0 14.0-8.0]3.0-7.014.0-80 | 3.0-7.0 | 4.0-8.0

Table F - Gyratory Controlled QC/QA

Gradation*'
Control Points (percent
passing)

Sieve Size Min. Max.

3/4 inch 100

1/2 inch 90 100

3/8 inch 85

#8 30 55

#200 2.0 7.0
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NCAT Test Track 15t Cyc

Coarse, intermediate, and fine gradations. No differences in rutting performance!

Courtesy of NCAT


Presenter
Presentation Notes
15 years ago, in the first cycle of the NCAT test track, over half of the test sections were built with coarse, intermediate, and fine gradations with a variety of aggregate types to examine the issue of which gradation type provided the best rutting resistance.  The result was … there was NO difference in rutting performance.  All gradations were rut resistant if we met the standard aggregate criteria.



Lift Thickness

24.0'

G ROADWAY

isting Asphalt Pavement
verage of 6.9” Thickness)

3

__ Proposed 1" Class E
Asphalt Lifi

asphalt ‘ institute
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Tack Coat
Longitudinal Joints
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Tack Coat

Construction - Section 1



Load Distributed by Tire

Pavement
Behavior Shear Transfer
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Soil Subgrade

] Courtesy of Rich May



Presenter
Presentation Notes
A well bonded pavement will uniformly distribute stress through the pavement. When all of the layers are bonded and working together, the top half of the pavement will be in Compression with the bottom half of the pavement in Tension, uniformly distributing the load into the base layers. This is the condition assumed when pavements are designed to carry the designated traffic loading.  Pavements that are not bonded will not distribute the load as shown above.  

Illustration of typical load transfer through a pavement to its base and the subgrade.  A bond failure at any of the layers or at multiple layers will alter the idea stress profile, shifting the critical tensile stress from the bottom of the pavement to the bottom of one of the upper lifts.  This will dramatically reduce the fatigue life of the pavement.


©
Consequences of Debonding

| | ICO pregsion

HORIZONTAL MICfOSV{RN

-200-150-100-50 0 50 100 150 200

Courtesy of NCAT


Presenter
Presentation Notes
Debonding of the mid-layers and the bottom layers as seen in the bottom figures, leads to the strain profile in the lower right figure.  Note that the peak microstrain under the fully bonded condition is a little over 100, while for the debonded lower layers and the mid-layers it is over 150 microstrains.  Thus, about a 50% increase.
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Surface Type Residual Rate (gsy) S:S:I(ultB:;*R(Z:/) DI?IT,:;B;;B ?gt:y)
New Asphalt 0.020 - 0.045 0.030-0.065 0.060-0.130
Existing Asphalt 0.040-0.070 0.060 —-0.105 0.120-0.210
Milled Surface 0.040-0.080 0.060-0.120 0.120-0.240

Portland Cement

0.030-0.050 0.045 -0.075 0.090 -0.150
Concrete




Longitudinal Joints

Construction - Section 2



Longitudinal Joints '\
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Bridenbaugh & Colella

Core #9 (Overlap 1 12™) Core #10 (Overlap 1 2")


Presenter
Presentation Notes
These photos, taken by Garth Bridenbaugh (Pa DOT) illustrate interface voids and attributes the voids in Core #2 & #7 to not overlapping the hot lane mat over the cold lane mat.
Conversely, Core #9 & #10 appear to be tight, both cores were taken from a joint constructed with the hot lane overlapping onto the cold lane.
These photos show “bottom of lift”, so the void would not be observed without taking a core. 


Ski Best for Smoothness
(reference is average over length of ski)

: Note: If underlying
Versus Joint Matcher, __ pavement already smooth,

which is best for joint "~/ some contractors feel they

(reference is exact location  FEENeEIa N (=i <{oJo)o NTo) ]k \V/jd g <)
just in front of auger) -+ but must finish 1/10” high


Presenter
Presentation Notes
This photo shows a ski setup with stringline.  A ski is typically preferred when the focus is on smoothness, versus a joint matcher when the focus is on the joint .  The ski averages the thickness of HMA required over the length of the ski (30-40 ft) and may not always provide the optimum amount of HMA for the joint.  On the other hand, the joint matcher placed several feet ahead of the auger does the best job of getting the correct height of material at the joint because it measures the HMA thickness required at that precise location.  Those choosing the ski typically do so because the project has a ride spec whose bonus/penalty outweigh that of the joint spec (if there is one).  Projects with multiple lifts offer the opportunity to use a ski on the intermediate lift(s) to get smoothness and a joint matcher on the surface lift to get a good joint. 

Some contractors feel they can get a good joint with the ski assuming the underlying pavement that the ski is riding on is already smooth and they are placing 1/10” high so joint is never starved.       



Destined for
Failure

Likely that the hot side
of joint was starved of
material at these
locations and bridging
occurred.


Presenter
Presentation Notes
You saw this photo earlier.  Could this be the result of a ski rather than a joint matcher?  Random retained moisture along the longitudinal joint may be result of the ski averaging adjacent joint thickness.  Some places just right; some places too low, and some places too high.
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Density

Construction - Section 3



Reference Densities

asphalt ‘ in

% of Maximum In-Place
Theoretical Density Air Voids
100 =— e )
99 — — 1
98 — — 2
% of
Laboratory 07 — 3
Density
— 100 96 — — 4
— 99 95 — — 5
— 08 04— — b
% of
Gontrol Strip 07 93 — 7
Density
100 — 06 02 — — 8
09 — 05 01 — — 10
- >

Reference MS-22, Fig. 7.09

Reference Densities
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Density vs. Loss of Pavement Service Life '\
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Washington State DOT Study
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In-Place Voids vs Fatigue Life ' N
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Effect of Percentage of Air Voids on Fatigue Life UK-AI Study
20C, 500 microstrain O/ i j
1.5% Increase
160,000 Nf = -1361.88*AV2 + 15723.35*AV + 88162 : :
150,000 R2=0.98 N denSIty
., 140,000 . leads to 10%
S 130,000 e : :
(&) )
& 120,000 N mc_rease_ IN
2 110,000 \ fatigue life.
© 100,000
>
% 90,000 \
L 80,000
70,000
60,000 :
0.0 5.0 10.0 15.0
Air Voids, %




Density vs. Lift Thickness
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Effect of Lift Thickness On Achieving

0.00

Density

|
|

I

2.00 4.00 6.00 8.00
Compacted Lift Thickness, x NMAS
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Tensile Strength & Moisture Susceptibility vs. Air Voids

AASHTO T 283
1200 0.93
© 0.908 =4 Dry Strength EAWet Strength «e=TSR
&u 1000 -
=
2 800 =
& 083 &
§ 3
&3 600 %
= 0.78 -
g 0.78
400
2
0.74
200 0.73
0.69
0 0.68
4% 6% 8% 10%

Sample Air Voids

59 Asphalt Institute Research



FHWA Performance Based Mix De5| n&
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Fatigue Cracking Rutting

Design Air Voids

04 | 0
For every 1% increase 40% increase | 22% decrease

Design VMA

: 0 04 |
For every 1% increase /3% decrease | 32% increase

Compaction Density

For every 1% lower
In-place Air Voids
(Increasing Density
Improved Both!)

19% decrease |10% decrease

Courtesy of Nelson Gibson
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Maintenance

Crack Sealing & Surface Treatments



Photo: Wes McNett

Think permeabillity .....



Presenter
Presentation Notes
The other area of concern from a durability, long term performance standpoint, is permeability.  

Not sure of the intent for this water truck to be dumping water across the entire new road here, but note the permeability at the longitudinal joint in this photo.   
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Crack Sealing
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Crack Sealing
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Surface Treatments /N
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Minnesota Research YN
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Minnesota
Department of
Transportation

o Opfim:;Timing . RESEARCH
of Preventive Maintenance for SER‘"CES

Addressing Environmental Aging 8
in Hot-Mix Asphalt Pavements | grARY

Office of
Transportation
System
Management

R. Michael Anderson, Principal Investigator
Asphalt Institute, Inc.
Lexington, KY /

December 2014 "“m

Research Project
Final Report 2014-45
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The TH 56 test section confirmed the hypothesis, with
mixture testing indicating that the subsections with
chip seals applied more than two years after
construction had essentially the same fracture energy
properties as the unsealed control subsection. The
findings from this test section imply that to mitigate
damage from environmental aging, the initial treatment
from a preservation standpoint should occur within the
first two years of the pavement’s life. After that, while
some benefits may still be obtained from treatment, it
appears that the damage from environmental aging
may have already substantially occurred.



New 2-day Workshop in 2019 '\
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Maximizing Pavement Life

Home / Training / Seminars / Maximizing Pavement Life

Training Menu
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Alaska Department of
Transportation & Public Facilities

Use of Advanced Technology for Quality Assurance in Alaska
Rich Giessel

Idaho Asphalt Conference: October 25, 2018


Presenter
Presentation Notes
I began working with highway construction materials at Michigan DOT in 1973 and have maintained an interest in materials engineering for 45 years.  In the last 3 years I have successfully applied for 3 FHWA grants; 2015 SHRP2 R06C Technology Demonstration of Moba PaveIR Thermal Scanner, 2016 FHWA Enhanced Compaction Project, 2017 State Transportation Innovation Counsel grant for Implementation of Dielectric Profiling System for Compaction acceptance of asphalt pavements.  I am delighted to share my vision for Use of Advanced Technology for Quality Assurance in Alaska with you today.


Engineering Flowchart

DOES IT MOVE?
I

| ‘

No Yes

! )

Should it? Should it?

I I
! ' ' v
No Yes Yes No
No _!_ No

Problem F Problem



Presenter
Presentation Notes
Hello, I’m Rich Giessel, State Quality Assurance Engineer for Alaska DOT.  For those of you who do not know me, I like the simplicity of the scientific method.
It is illustrated here in its most basic form.  Observation, Repeatability, and Logic


1. Failure Modes Drive Testing Philosophy Shift

2. Implementation History of ICTs in Alaska

3. Surprising things we have discovered with
Dielectric Profiling System (DPS) GPR

4. Main Features of Continuous-Full-Coverage
Specifications for Compaction Acceptance

5. Compaction Defect Mapping and Remediation


Presenter
Presentation Notes
My presentation has five sections, with the last 3 of those sections on the Dielectric Profiling System.

(ICT=Intelligent Construction Technologies, GPR=Ground Penetrating Radar)


1. Failure Modes of Asphalt Paving

Major Failure Modes:
1. Studded Tires (a political problem)
2. Poor Compaction (a construction problem)

3. Poor Tack Bond Between Layers (a Specification
and pay item problem)

Minor Failure Modes:

= Stripping (a surface chemistry problem)
= Rutting & Shoving (a mix design problem)


Presenter
Presentation Notes
Minor Failure modes can be solved in the materials Laboratory.  
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Avoidable Major Failure Modes

Avoidable Major Failure Modes:

2.
3.

Poor Compaction

Poor Tack Bond Between Layers

Our focus will be on Enhancing Compaction



Presenter
Presentation Notes
Assuming a properly designed and constructed “Perpetual” embankment section free of support layer failures.


Required Shift in Philosophy-1

* \We Must Abandon Random Testing

“The primary problem Is not so much to
determine the average conditions, as it Is to
make reasonably certain that possibly the most
unfavorable conditions are known over a given
area that may give rise to soft spots.”

Donald M. Burmister (1948)


Presenter
Presentation Notes
70 years ago Burmister identified that the Number 1 problem with Random testing was Primarily caring about the Average of test values.  Other false premises are (No. 2) that there is a Gaussian distribution of test values on heterogeneous materials and (No. 3) that test location selection needs to be unbiased, this is only true if you accept premise 1, that our primary concern is getting a good guess about the average value.
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Presenter
Presentation Notes
How good is our guess about average conditions from a small sample size?  For 10 random compaction samples with a lower specification limit of 92% of MSG, PWL 90 variability is ±8%.  This means that the Compaction Pay Factor could be anywhere between 0.96 and 1.04 for this 5000 ton lot of Asphalt or ±$24,000 at $120/ton.
(Graphic internally developed by Dennis Dvorak, FHWA)
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Required Shift in Philosophy-2
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opt current state-of-practice technology to
nieve 100% testing & Inspection coverage

ntelligent Compaction (IC) Rollers provide 100%
pass coverage, temperature, ICMVs

Paver Mounted Thermal Profilers (PMTP) provide

100% thermal mapping of mat

= Asphalt Surface Dielectric Profiling Systems (DPS)
using Ground Penetrating Radar (GPR) provide
100% Mapping of compaction


Presenter
Presentation Notes
Random testing has almost no chance of finding a pothole size defect.  CFC testing has almost no chance of missing a pothole size defect.
(ICMVs = Intelligent Compaction Machine Values)


Expected Outcomes

No potholes or raveling joints
Longer-life pavements

Much less maintenance
Lower life-cycle cost



Presenter
Presentation Notes
1% increase in compaction gives 10% increase in pavement life.
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2. Implementation History of
ICTs In Alaska



Presenter
Presentation Notes
We began moving to CFC Compaction Testing in 2013


Intelligent Compaction Rollers

* Intelligent Compaction Rollers required at Sitka
Airport for Night Paving. (Bruce Brunette 2013)

* Echelon Paving also employed to reduce
longitudinal joints from 11 to 5.



Presenter
Presentation Notes
Bruce Brunette wrote our first IC spec and Amanda Gilliland, QC Manager for Knik Construction put together people, training and equipment to make it happen.


Paver Mounted Thermal Profiler (2015)



Presenter
Presentation Notes
In 2015 I wrote a successful SHRP2 R06C Grant for demonstrating PMTP technology at TSAIA, Peger Road in Fairbanks.  It was subsequently used as part of 2016 Enhanced compaction project on Glenn Hwy: Hiland to Eklutna that Alaska DOT was awarded the following year.  
Photo: Paul Angerhofer, Moba Corporation setting up the Moba Pave IR system on a Granite Construction Paver.
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Pave IR Benefits

* Real-time thermal mapping, color display on
paver provides immediate feedback to DOT
and paving crew




Figure 3.2. Thermal profile from US-29 (continued).



Birth of a Pothole

Research Report —July 1, 2001
Research Project Agreement T9903, Task A3
Cyclic Segregation

CONSTRUCTION-RELATED ASPHALT CONCRETE
PAVEMENT TEMPERATURE DIFFERENTIALS
AND THE CORRESPONDING DENSITY
DIFFERENTIALS — Report No: WA-RD 476.1

Washington State Transportation Center (TRAC)
University of Washington, Box 354802
University District Building

1107 NE 45th Street, Suite 535

Seattle, Washington 98105-4631


Presenter
Presentation Notes
This 2001 report is definitive study linking cold lumps to potholes.


Tarped vs Not Tarped

*»261.1°F
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Presenter
Presentation Notes
Note uniform high temperature of mix from tarped load right behind paver


Cold Spots - Infrared vs B&W Photo

*»237.6°F
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Presenter
Presentation Notes
Impossible to compact asphalt below compaction temperature range.  Green spots read 153 F, 159 F
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Glenn Hwy Incentiv

 Pay a $75 Bonus for each 150’ segment with
No Thermal Segregation (0-25° F variation)

e 2140 each 150’ segments = $160,500 potential
bonus on 15 miles of 4 lane highway



Presenter
Presentation Notes
You get what you pay for.  If you want to get rid of future potholes then pay for temperature uniformity.


NoO Incentive

* No bonus for 150’ segments with Moderate
Thermal Segregation (25-50° F)




Penalty or Disincentive

e $75 Penalty (not used on Glenn Hwy) for each
150’ segment with Severe Thermal
Segregation (>50° F)

* Only used the Carrot®




PMTP Use Rewards Good QC

e PMTP Is an objective tool for rewarding best
practices such as:

1. Tarping all loads

2. Steady delivery of material to project with a
minimum number of paver stops

3. Tying loads together when dumping

4. Use of Material transfer vehicle to homogenize
temperature and smooth material flow to paver


Presenter
Presentation Notes
MTV used on Glenn Highway project had 25 ton surge capacity.


Newest Methodology (2016)

* Dielectric Profiling System (DPS) using
Ground Penetrating Radar (GPR) gives:
1. Dielectric Mapping

2. Readout as % Voids, % Compaction, or Density
In asphalt mat in real-time once calibration data
from drilled cores has been entered.
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(Note: Testing equipment became commercially available in May 2016 with
FCC approval. Alaska purchased the 10" machine made in October 2016)


Presenter
Presentation Notes
I have walked over 100 miles collecting compaction data with the PaveScan RDM in the last two years.


Fritz Cove Dielectric (July 2018)
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Presenter
Presentation Notes
Here is a screen shot of 3500’ of the Glacier Highway in Juneau.  Station 82-98 was paved in cold weather with rain event at Station 90.  Station 98-117 paved in warmer weather.  This was Forensic work, performed on 8 month old pavement placed in October 2017, with only three drilled cores.
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Presenter
Presentation Notes
Only 4 cores, 89.5%, 94.5%, 96.5%, and 97.3% of MSG were drilled for this calibration, but the correlation to dielectric values was good.  
Our specification calls for a minimum of 9 cores and a correlation of at least 90% for a calibration where DPS data is used for Compaction acceptance.  
I prefer a correlation of 95% or better for calibrations.


Fritz Cove % Compaction
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Presenter
Presentation Notes
% Compaction pattern is identical to Dielectric pattern, only vertical axis values on the left have changed.  Black dots are core locations selected by the PaveScan RDM system computer.
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Presenter
Presentation Notes
Enhanced Compaction Project on Glenn Hwy only completed 4 nights of paving in 2016.  22 night of paving spilled over into 2017 season May 22 to June 21.  Equipment shown is the PaveScan Rolling Density Meter manufactured by Geophysical Survey Systems, Inc. (GSSI)


- L A T T sl ——r = “"?.-_-.__ — - = .
1 ? i3 A — -4 ~ ¢ A
7 0 B ~' M
| ’ Yppy

PaveScan RDM

 PaveScan Rolling Density Meter Provides:
= Geo-located Data

= 400,000 pulses per second processed with
equivalent time sampling to produce 60 scans/sec

= 60 scans (dielectric readings) per second recorded
to Raw Data File

= =10 Dielectric readings per foot of travel at 6 ft/sec
(~ 4 mph walking speed) per antenna



Presenter
Presentation Notes
6,666 pulses are processed into each dielectric reading.  Dielectric readings are recorded every 1/10 foot of travel.  Equivalent time sampling limits reading radar reflections to the first half wave reflection, a penetration of about 0.77 inches in a typical asphalt.
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What i1s Dielectric?
* Related to Speed of RADAR through a Material

e =C2/V? or v=cCliie)

Where: e = Dielectric
C = Speed of light in a vacuum
V = Speed of RADAR In material


Presenter
Presentation Notes
Dielectric value is the ratio of the speed of light in a vacuum squared to the speed of radar through a material squared.
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Relative Speeds of RADAR

RADAR Is fastest in Alir e=1 (=0
RADAR Is slowest In Water e =81 (v=1190)
Asphalt Concrete e = 4-7 (v=0.5-0.35C)

(note more air gives lower dielectric, i.e. RADAR
passes through porous asphalt faster)

LOW DIELECTRIC = LOW DENSITY


Presenter
Presentation Notes
Radar travels 9 times slower in water than in air, 2 to 2.6 times slower in asphalt
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3. Surprisinthings e ave
discovered with DPS GPR
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What can we “SEE” with GPR?

e Answer: Defects we have never “SEEN” before

* For example, density variation across a
longitudinal joint






Presenter
Presentation Notes
Alignment of PaveScan RDM for mapping compaction across Mat Core 70 and Joint Core 70J on June 10, 2017, our 13th night of paving in 2017.


Core 70J (91.7%) — Resolution 0.25 ft
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Presenter
Presentation Notes
Hot mat is on the left.  This joint was stacked on the cold side of the joint.  Orange blocks = 98% compaction, dark blue = 85% compaction, dark green = 90% compaction.
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Core 69J (92.9%) — Resolution 0.25 ft
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Presenter
Presentation Notes
This joint was stacked on the hot side of the joint.  87% Compaction in the dip.


Core 87J (94.9%) — Resolution 0.10 ft
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Presenter
Presentation Notes
Full resolution with 10 readings per foot displayed for each of the three antennas.  Note six blue blocks in dip = 88% compaction.  Stacked joint on cold side was holding some roller water as indicated by the two red blocks reading 105% compaction.


Core 87J — Distance Statistics

Sensor Total Standard
Position|: Dist Median Average Min @ Max  Dev 11

Center 4.2 95.2647 95.2054 (88.1275) 101.343 2.28774

Left 4.2 96.161 95.9437 (87.4141 @ 3.10059

Right 4.2 96.0255 95.6037 (87.8418) 102.452 2.49736



Presenter
Presentation Notes
Started 2’ from joint and rolled over and past joint into adjacent lane, total distance of 4.2’ recorded by DMI on rear wheel.  DMI triggers reading every 0.1’  Minimum values match graphic display at dip. Maximum values just past the dip also match graphic display with left antenna reading 105%.  
Getting three readings across a joint verifies that the defect is not isolated.


Core 87J — Time Statistics

Sensor Total Standard
Position|: Dist Median Average Min == Max = Dev 11

Center 1269  87.8607 87.8692) 86.8951 88.8963 0.306642

L eft 1269 86.557 86.9422) 84.4503 87.6718  0.34858
Right 1269 88.985 88.9778) 87.8945 90.2777 0.352063



Presenter
Presentation Notes
1269 reading right on the joint took 21 seconds to collect in Time Mode.  Again average readings of three antennas is 88%.


B
Core 85J (92.4%) — Resolution 0.25 ft
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Presenter
Presentation Notes
Better joint than at Core 87J even though compaction was 2.5% lower.  Note no dip below 92% on this core.


Calibration Core 19J (96.2%) 0.25 ft

703450 703+50 703+51 703+51 n3+52 703+52



Presenter
Presentation Notes
Excellent joint heater results, all readings above 95%


B

Longitudinal Joint at Core 19J



Presenter
Presentation Notes
Photo at joint core location


'S
165 Core Densities: 90.9 to 97.8%

Compaction Summary - 2017 Data

% Compaction

Bulk/MSG | Bulk/MSG

Panel Joint
SB-L1 Average Panel Density (20 Cores) 94.8

........................................................................................................................................................................................................................................

........................................................................................................................................................................................................................................

SB-L3 Average Panel and Joint Densities (3 Cores) 955 | 934
NB-L2 Average Panel and Joint Densities (28 Cores) | 94.7 . 95.0
Project Averages| 94.9 94.5

Max| 97.6 @ 97.8

Min| (92.3) | (90.9)

Note:

50 of 101 (50%) of Panel Cores 95.0% or Higher
26 of 64 (41%) of Joint Cores 95.0% or Higher



Presenter
Presentation Notes
101 Mat cores, min 92.3% Compaction.  64 Joint cores, min 90.9%.  No failures by random testing


SB(Joint CL) Density Histogram

SB % Density Ranges
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Presenter
Presentation Notes
With continuous joint readings thousands of low density tests are documented.  Note Non-Gaussian distribution of values, typical of construction materials.


SB Joint Cumulative Densities - 24.5% below 91%
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Presenter
Presentation Notes
On 15.2 miles of SB longitudinal joint PaveScan took 758,100 readings at 0.1’ w/ 5 readings averaged to give 151,620 density values, now we get 24.5% low values as measured right on the joint in a tennis ball sized area.


Low Density is Typical at Bridges
S. Birchwood Bridge,
SB Lane 2, 18-24° LT
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Presenter
Presentation Notes
Blue blocks indicate 90% Compaction in this map across a 125’ long overpass bridge.


B
Low Density Adjacent Rumble Strip
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Presenter
Presentation Notes
Even worse compaction adjacent rumble strip, some as low as 80% (20% air voids).  This area will be subject to accelerated oxidation aging of the binder and freeze-thaw damage due to interconnected voids


B
We don’t want a “Pretty” edge joint

ROLLER DRUM POSITION — PASS 1

NEW HMA

—2"MILL
6" ASPHALT
PAVING

6"OVERHANG ON
PAVED SHOULDER

PAVED

SHOULDER W/
RUMBLE STRIP

ROADWAY


Presenter
Presentation Notes
Roller riding on old paved shoulder with rumble strip bridges adjacent hot mix asphalt, preventing good compaction.


B
We Want a “Compacted” edge joint

ROLLER DRUM POSITION — PASS 2

NEW HMA
2"MILL
ROLLER JUST 6" ASPHALT
INSIDE PAVING
VERTICAL
FACE
4”

ROADWAY



Presenter
Presentation Notes
Erv Dukatz, PhD, VP of Materials and Research with Mathy Construction Company told me how they roll Mill and Fill sections.  2nd pass must be inside vertical face of old shoulder pavement.
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4. Main Features of CFC Specs

for Compaction Acceptance




What Changes?

The main specification change for implementation
of GPR technology is substituting Percent
Conforming (PC) for Percent Within Limits (PWL) in
the Density Pay Factor.

For a lot (5000 tons) of asphalt, placed in a 2” thick lift, PC
will be based on approximately 400,000 density readings
(one per square foot, assuming an asphalt density of 150
pcf). PWL for that same lot of asphalt would be based on
10 density readings (one per sublot).



~ What % Conforming thresholds
should trigger repair, R&R?

Mat Density Pay Factor = 0.55 + PC/200, allowing up to 5%
bonus at PC = 100%. (Lower limit of PC = 50%, PF = .80)

e Remove and Replace is triggered if PF is below 0.80

What PC should trigger repair with Sand Seal?
e Perhaps from PC =50% to 70%, PF = 0.80 to 0.907

Or
e Perhaps from PC =50% to 80%, PF = 0.80 to 0.957



Presenter
Presentation Notes
Percent Conforming of 70% gives a Pay Factor of 0.90, should the 30% area of low density be repaired before acceptance?
What about when PC = 80%, (PF=.95) should the 20% area of low density be repaired before acceptance?


Cost of Potholes

American drivers pay an estimated S3 billion a year

to repair damage caused by potholes, according to
AAA. Over a five-year period, 16 million drivers
reported their vehicles were damaged by potholes,

from tire punctures and bent wheels to suspension
damage.



Presenter
Presentation Notes
This is a big cost to our customers!

https://www.oregon.aaa.com/2016/02/pothole-damage-costs-u-s-drivers-3-billion-annually/

Instead of Percent Conforming

should we use defect size and

low compaction threshold for
repair criteria?




What size low-compaction area
should trigger mat repair?

Current programming allows PaveScan Operator to Select
defect size and compaction threshold for identification and
mapping of both linear and area defects.

What size area should trigger repair?
(Currently using 8 ft?)

What % compaction should trigger repair?
(Currently using <92%)



B :
What length of low-compaction

Longitudinal Joint should trigger
repair?

What length should trigger joint repair?
(Currently using 5 ft)

What % Compaction should trigger repair?
(Currently using <91%)



Presenter
Presentation Notes
Ask maintenance staff to respond to these two questions.


What equipment might one see
when incentives are given for
superior mat & joint compaction?






Presenter
Presentation Notes
Pickup machine, Material Transfer Vehicle with re-mixing, Paver w PMTP, IC Breakdown and Intermediate Rollers  
Nightime Paving Operation. Jim Klebesadel, ADOT&PF, Lead Materials Rover with Quality Assurance (right side walking) and
Scott Lamonico, EMC Engineering, Paving Inspector on the Glenn Highway: Hiland Road to Eklutna Road Pavement Preservation.
photographer: Brock Antijunti, Roving Materials Inspector, Quality Assurance, Central Region Construction.  May 2018 DOT Calendar.




Presenter
Presentation Notes
5 HeatTech Joint heaters 16”x48”


B

What you don’t want to see



Presenter
Presentation Notes
Roller marks that were not removed by finish roller




Presenter
Presentation Notes
Tack pickup on Shuttle Buggy Tires
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5. Compaction Defect Mapping &
Remediation
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Presentation Notes
Portage Glacier Road:  Granite Construction, June, 2018


Portage Glacier Road

Linear Defects - Longitudinal Jaint
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Presenter
Presentation Notes
Ben Lamirand running PaveScan RDM, Portage Lake, June 7, 2018.  Here we are scanning with the left antenna 0.75’ from the unconfined edge near the face of the guardrail, Station 181-191
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Presenter
Presentation Notes
Placer Creek entering Portage Lake.  Note: Placer Creek Bridge – Station 187+36 to 188+67 


.

Number and % Defective - File 001

Starting Segment : Defective # of 2-D | Defect Straddles
Station Distance (ft) % . Defects Segments

______________ 181 |0 .. .85 407 it No
______________ 182 | 0 . 10 1095 2 . No
______________ 183 | o . 100 . 365 . 0 . No

184 0 100 0.17 0 No
______________ 185 | o0 . 100 1582 . 3 | Yes
______________ 186 | 0 . 10 1609 2 | Yes

187 0 100 51.08 3 Yes
.............. 188 1.0 .....100 6202 ... i NO
.............. 189 0200 328 P YOS
.............. 10 .9 100 3 YOS

191 0 0 33.33 0 No



Presenter
Presentation Notes
Station 184 has 2 low-compaction, 1 square foot segments, 2/1200 = 0.1667%
With defect size set at 8 square feet, a station with just one defect of that size would be 0.67% defective
Note: Placer Creek Bridge – Station 187+36 to 188+67 (no vibration when rollers are on bridges)



Station 184, 0.17% Defective
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Presentation Notes
Location, Sensor # and Compaction value can be displayed for any individual value by clicking on a Block in the Heatmap or any point on the line chart.


Station 188, 62% Defective

Playback File: File_ 001 PaveSca n,

Heatmap + Histogram Heatmap + Linechart Linechart + Histogram
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Presenter
Presentation Notes
Placer Creek Bridge – Station 187+36 to 188+67


.

Defect Locations - File 001

Starting | Start Distance | Ending End Distance Start Offset End Offset
Station (ft) Station | (ft) ) (fy)
181 11.75 181 | 15.75 17.75 |  15.75
182 48.25 182 | 5275 17.75 | 15.75
82 ] 6525 .. 18 . 73.75 ... 1775 1575
185 62.75 185 | 73.25 17.75 i 15.75
185 | 7375 0 18 9175 . 1775 . 1575
185 97.75 186 | 2.25 17.75 | 15.75
186 80.25 186 | 86.75 17.75 | 15.75
.87 |82 87 4SS 1B
187 16.75 187 | 21.25 17.75 13
- A - 2275 | 189 . 9325 | 17.75 . 13
189 96.75 190 7.25 17.75 15.75
.............. 190 fe825 4290 AT ATTs 1B
190 18.25 190 42.75 17.75 13
190 49.25 190 89.25 17.75 13
190 91.25 190 95.75 17.75 15.75



Presenter
Presentation Notes
Defect tables are available in this form at the end of data collection by pushing Export Data Button and copying file to USB.  Note that major defect is on Placer Creek Bridge – Station 187+36 to 188+67



@Portage Glacier Rd - Sta 139-144
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Linechart + Histogram
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Presenter
Presentation Notes
In playback mode one can also export full width compaction data between any two stations.  Here we are looking at three passes covering an 18-21’ wide lane.


Glenn Hwy at Eagle River Bridge
Lane 1 Compaction Coverage

.“‘O S


Presenter
Presentation Notes
Export File command generates KML files viewable with Google Earth.  June 2017 


S
Glenn Hwy at Eagle River Bridge
Lane 1 Area Defects

Google Earth


Presenter
Presentation Notes
Area defects extend across two or more lines of data.  This feature was programmed to pickup and map those cold lumps coming through the paver that we saw in the Birth of a Pothole slides.


S
Glenn Hwy at Eagle River Bridge
Lane 1 Linear Defects

i
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Google Earth


Presenter
Presentation Notes
Linear defect mapping is intended to pick up streaking caused by paver problems.
GSSI is planning to add a new feature where user enters longitudinal joint locations so that data can be isolated for defect export and joint compaction analysis.  The longitudinal joint feature should be available in a future software update.


Rich Giessel
richard.qgiessel@alaska.gov

(907) 269-6244



mailto:richard.giessel@alaska.gov

richard.giessel
@alaska.gov
007-269-6244




COLD IN-PLACE RECYCLING
UTILIZING ENGINEERED EMULSION:
PROJECT SELECTION AND
CONSTRUCTION PRACTICES

Megan Chatfield, PE
Materials Engineer

Western Federal Lands Highway Division

.







MATERIALS

Engineered Emulsion (approx. 3%)

Lime or cement (approx. 1%, used as a mineral filler and curing aid)

Water (approx. 1%)

Recycled asphalt pavement

Fog Seal (application rate 0.05 to 0.15 gal/sgyd)
Blotter



e ’—w

ASPHALT RECYCLING METHODS

« Cold In-Place Recycling (C-I-R) « Central Plant Recycling
* Milling * Miling and removal
* Re-mixing e Line and grade adjustments
» Placing and compacting » Central plant mixing

« Same day operation « Hauling, placing and compacting



R PROCESS







R PROCESS
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ASPHALT RECYCLING METHODS

 Cold In-Place Recycling (C-I-R) « Central Plant Recycling
* Milling * Miling and removal
* Re-mixing » Line and grade adjustments
* Placing and compacting « Central plant mixing

« Same day operation « Hauling, placing and compacting






 Requires a lot of storage
space

 Multiple handling operations










LAYDOWN PROCESS




LAYDOWN PROCESS

C-I-R: Leave thin
section of existing
asphalt in place

* Provides support for
the milling train

e Uniform material



LAYDOWN PROCESS

 Utilize pickup machines or

 End dumps directly into
the paver




LAYDOWN PROCESS

 Material uniformly coated with
emulsion

e Reduce down to 1.5 inch minus




LAYDOWN PROCESS

Tty
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LAYDOWN PROCESS

« Allow material to begin
cure prior to compaction

» Climate will adjust cure
time
 Shaded
e High humidity
e Temperature

 Emulsion supplier can
provide cure accelerant



« Keep rollers back
from paver

 Rapid compaction

prevents efficient
curing







e |nitial breakdown with
smooth vibratory double
drum

* Pneumatic as
Intermediate

e Finish with smooth drum
to remove roller marks




e Micro cracking is
acceptable

2 « Traffic will aid in
kneading together




 When to fog
* Product stabillity

* Using blotter

Y L) » Traffic control and




LAYDOWN PROCESS

 Fogged surface vs. open
surface

e Cure times — minimum two
hours after compaction







CONSTRUCTION INSPECTION

Monitor cutting depth / milling operation

Do not include any base material (C-I-R)

Emulsified asphalt addition rate (approx. 3%)
» Established at start as part of mix design
« Adjustments may be necessary
* Mix will look dry

Lime or cement addition rate (1%)

Pavement laydown - placement depth and width

Compaction (Don’t rush it!)

Fog coat and blotter application
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PROJECT SELECTION

Estimated at approx. % strength of HMA

Provides opportunity to reuse existing materials

Reduces pavement structure

C-I-R needs reasonably consistent pavement depth. Approx ¥2” depth more
than design

Do not include aggregate base with layer



PROJECT SELECTION:
C-I-R OR CENTRAL PLANT RECYCLING

Boring logs with depths of layers from subsurface investigation

Project constraints / considerations
o Adjusting grade
» Sound existing structure with old pavement
« Room for overlay
* Excessive sub-excavation required

Structural pavement analysis

Sustainabillity concept



PROJECT SELECTION:
ESTIMATION OF QUANTITIES

* In-place hot mix asphalt pavement = 150 pounds per cubic foot
* In-place air voids approx. 5%

e C-I-R pavement = 135 pound per cubic foot
* In-place air voids approx. 14%
 No handling loss

e Central plant mixed
* In-place air voids approx. 14%
 Assume 5 to 10% handling and floor loss

« Approximately 10% increase in volume



PROJECT SELECTION

« Good candidate
 End of service life
* Minor patching
« Fatigue cracking
e 3inch depth minimum




PROJECT SELECTION

 Poor candidate
 Consistent recent crack seal
e Less than 3 inches

* Need to tie in to existing structures
(C-I-R)




PROJECT SELECTION:
BORING LOG EXAMPLE

FEDERAL HIGHWAY ADMINISTRATION 6 in H-S AUGER
VANCOUVER, WASHINGTON 8 in H-S AUGER

: NQ CORE
GEOTECHNICAL SECTION
HQ CORE

BORING LOG (English Units) OTHER
DESCRIPTION

E#

BLOW
COUNT

SAMPL

LATITUDE (DEGREES)48.67487800
LONGITUDE (DEGREES):-113.60747500
Asphalt

' Red to gray, silty fine to coarse SAND, some fine lo coarse
gravel, some clay, subangular to angular fragments, damp
(SM) (BASE)

Red, fine to coarse GRAVEL, some fine to coarse sand,
| little silt, irace cobbles, subangular to angular fragments,

damp (GP-GM)

Hard drilling.

Laboratory testing completed.
r Laboratory Control Number: W-08-0284-SO
| 42.4% Gravel, 47.3% Sand, 10.3% Silt
| GP-GM; Poorly graded gravel with silt and sand
| |Moisture at R Value is 131.8% at 300 psi
b |Boring completed at 3 feet.

L] |BEGAN 9/16/03

L[] | COMPLETED 9/16/03

0 |DRILL Unknown

[0 |DRILLER: Unknown
WEATHER Heavy snow

¥ WATER CONTENT (%)
PLASTIC LIMIT F i LIQUID LIMIT

SAMPLE PENETRATION RESISTANCE

STANDARD BLOWS PER FOOT
(140 Ib mass, 30 in drop)
20 40 60

DEPTH (ft)




PROJECT SELECTION:
BORING LOG DATA

Average Distance

between Borings BT

Average Thickness of

Pavement

Controlling Thickness

Boring
No.
SGO03-37
SG03-38
SG03-39
SG03-40
SG03-41
SG03-42
SG03-43
SG03-44

Station

1846+20
1872+00
1899+80
1925+70
1952+50
1979+30
2006+30
2032+85

6 inches

3.6 inches

Distance
Between
Borings (ft)

2580
2780
2590
2680
2680
2700
2655
2685

Pavement
Depth (in)

6
9.6
8.4

Boring
No.
SG03-45
SG03-46
SG03-47
SG03-48
SG03-49
SG03-50
SG03-51
SG03-52
SG03-53

Station

2059+70
2086+10
2113+10
2139+50
2166+30
2193+06
2219+86
2246+40
2274+00

Distance
Between

Borings (ft)

2640
2700
2640
2680
2676
2680
2654
2760

Pavement
Depth (in)

6
6
3.6
7.2
7.2
3.6
6
4.8
6




Aggregate topsoil, course

_— Existing
] groun

Construction limit=

type III pavement r

compacted depth (place in 2 equal lifts) —/

Existing edgeé™

pavement

PROJECT SELECTION:
TYPICAL SECTION

Traveled way

— Profile grade
f — Prime coat, grade CMS-2

\ Recycled aggregate base

\ ~ rl’:. re Iod =S¢ halt base . e - S 4

'— Cold recycled asphalt base 6" compacted depth =
course, 3" compacted depth

of pavement

I and remove existing pavement
according to Section 4

-

Pulverize remaining existing pavement in place to a depth of 6
according to Section 310

— Aggregate topsoil, course

Constructi

— Conserved suitable
excavated material




CONCLUSIONS

Utilizes existing materials

Can be done in place or offsite

Provides a flexible pavement layer

Reduces pavement distress

Decreases pavement structure
thickness
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THANK YOU!

Megan Chatfield, PE
Materials Engineer

Western Federal Lands
Highway Division

(360) 619-7586
Megan.Chatfield@dot.gov




Testing Fine Aggregates According to
AASHTO T-84 and the CorelLok Device

Pls: Sunil Sharma & Emad Kassem
Graduate Research Assistant: Sandarva Sharma
ITD Project Manager: Mark Wheeler, ITD, Boise October 25, 2018
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Transverse






ASPHALT Mix Design

e Bulk Specific Gravity, Gsb
 Need accurate value for HMA design

e Used to calculate the percentage of voids in mineral
aggregates

e Determine amount of asphalt absorbed by the
aggregates



Total Mass, M; Accessible Pores
Total Volume, V; Filled with Water

K at SSD Condition
Mass, M,
Volume, V,,
Solid Mass, M, =0
Aggregate Volume, V,,
Empty Pores not
Accessible to Water
- —\/ _\/ _ M
Volume of Solid, V5 =V;-V, -V Apparent SG G, = VT
Mass of Solid, M= M;-M, e M
T w
Bulk Dry SG Gsb,ory = —;
T
& _ Y
Aggregate Particle & Voids Bulk SSD SG BSSP Ty
Absorption Abs = Y % 100%



Fine Aggregates, < #4.
e AASHTO T-84, and

e |daho IT-144
(CoreLok Method)

m‘_ilmslroTek‘
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AASHTO T-84 Method

e Soaking period — 15 to 19 hours

e Samples starts at 6% water content
e Keep drying until SSD condition

e Several attempts

AASHTO T-84 — Takes up to 3 days



AASHTO T-84
* Sample soaking and drying
Cone test and SSD

Agitation and de-airing



Drying of Samples







Cone Test

>

* Preparing cone

«  SSD Condition Very subjective

e Looking for dime shape on cone






25 drops
Drop height = 5mm
SSD condition
= Start of raveling
= Dime size
Quartering
De-airing




VARIABILITY

e SSD Condition

e Start of raveling
e Dime size

e Agitation and de-airing wait time
(20 minutes or 16 hours)

e Sample weight equilibrium after
drying in oven

 Tamper drop height

 Water temperature - maintained
at constant 23 £ 1.72C

e Flask Size (500 mL or 1000 mL)




Limitations of AASHTO T-84

* Determining the saturated-surface dry (SSD)
conditions may vary from one operator to another

e Requires a long time (including soaking time)

* Angular fine aggregates with rough surface may
not readily slump at SSD conditions

e Alternative method that is quick, reliable, portable,
and provides repeatable results is needed!



CorelLok Testing — Step 1

Placing bag with
sample into
vacuum chamber

CoreLok Chamber

Determine “Gsa”




CorelLok Testing — Step 2

R s Se Determine “Gsb”,
Metal pycnometer Followed by final SGs
through a correlation



Objectives

* Perform T-84 and IT-144 tests

e Find correlation between tests for typical
ldaho aggregates



BOUNDARY

BONNER

Samples

* Representative
samples selected

e 70-80 kg samples per
aggregate source

e Samples from 5 out 6
ITD Districts

e 22 Aggregate Samples




Sample preparation
1. Initial Drying

. Splitting

. Sieving to remove plus #4

2
3
4. Washed to remove minus #200
5. Washed samples dried

6

. Split to testing size
e 2kgforiT-144
e 1.5kgforT-84

ITD-District

Total

Samples

3

~N~ &~ B~ b

22



Aggregate Testing

Initial Testing at Ul

1. Training and Evaluation at
ITD Lab in Boise

2. Round Robin Experiment
e Ul, ALLWEST, STRATA

e 5 aggregate samples from
4 different districts

Conclusions

e Results were comparable and
very close

* Agreed with ITD to follow similar
procedure for further testing



Aggregate Testing & Results

Number of Tests Difference between the
Test by .
AASHTO T-84 IT-144 two tests:

e Limit of 0.015 adopted for SGs

Ul 68 65
e Extra tests performed for
ALLWEST 21 21 greater D25
STRATA 1 1

ITD 8 8



AASHTO T-84 and IT-144 Gsb,Dry values

Some Results "

L
L

2.100 2.200 2300 2400 2.500 2.600 2700 2.800 2.900
ET-84DRY ®IT-144DRY



Some Results

Paired t-test

e Statistical difference
between results from two
test methods

e Results significantly
different for all SGs and
Absorption

Simple Regression Analysis
 One dependent variable
e Oneindependent variable
Multiple Regression Analysis
 One dependent variable

e Two or more independent
variable



Final Objectives

* |Investigate the currently programmed
equation in the AggPlus software for
calculating absorption, and hence Gsb

e Recommend a “better” equation for
ldaho aggregates

e Recommend use of IT-144

* (retire the AASHTO T-84 method)



Corrected Corelok & T-84 Bulk SGs

Comparison of Bulk SG Values

® Corelok Data B T-84Data  «--e-- Linear (CoreLok Data)  «:««--- Linear (T-84 Data)
3.00

2.90

2.80

2.70

2.60

2.50

2.40 -

2.30

2.50 2.55 2.60 2.65 2.70 2.75 2.80 2.85 2.90 2.95 3.00
Uncorrected Bulk SG



Corrected Corelok & T-84 Bulk SGs

Comparison of Bulk SG Values

® Corelok Data B T-84Data  «-e-ee- Poly. (CoreLok Data)  «-«---- Poly. (T-84 Data)

3.00
2.90

®
280 b @
270 | e L il

-... ............
.=I° L -
2.60 ﬂ
2.50 e
2.40 u
2.30
2.50 2.55 2.60 2.65 2.70 2.75 2.80 2.85 2.90 2.95

Uncorrected Bulk SG

3.00



Thank You
Questions?
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asphalt institute

NCHRP Project 20-05
Synthesis Topic 48-02
Tack Coat Specifications, Materials,
and Construction Practices

Danny Gierhart, P.E.
Dave Johnson, P.E.
Principal Investigators



What Exactly Is a Synthesis? h

asphalt institute

* Areport that assembles and disseminates
information on a topic of current highway
practice.

* Prepared by a consultant who has expertise in
the topic area, with assistance provided by a
technical panel.
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Asphalt Institute's Expertise
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Al/FHWA Tack Coat Workshops ’A

asphalt institute |

Tack Coat Best Practices

FHWA Cooperative Agreement Subtask

(Longitudinal Joints

Intelligent Compaction)

ASPHALT INSTITUTE®



Presenter
Presentation Notes
This is the third of a series of 4-hour workshops that the Asphalt Institute is putting on in cooperation with FHWA.  The other two are Longitudinal Joints and Intelligent Compaction. This project is a review of previous and current research combined with best practices and recommendations to achieve well bonded pavement structures.  We will show how poorly bonded pavements succumb to early failure and how to avoid those pit falls. 


Tack Coat Workshops, 2015-2016 ' N

asphalt|institute

Reach: 2700 Attendees through 47 workshops, plus additional 3100 with 35 presentations

* Dec 2014 - Pilot, in VA
E Completed 2015 (34)

e ' ﬁ, = - B Completed 2016 (12)



Brief

The Asphalt Pavement
Tedchnology Program is an
integrated, national effort to
improve the long-term
performance and cost
effectiveness of asphalt
pavements. Manapged by the
through partnerships with state
highway agencies, industry and
academia the program’s
primary goals are to reduce
foster technology innovation.
The program was established to
develop and implement

puidelines, methods,
procedures and other tools for
use in asphalt paverment
miaterials selection, mixture
design, testing, construction
and quality control.

Tack Coat Best Practices

This Technical Brief provides an overview of tack coats
and their vital role bonding multiple asphalt layers into
one monolithic system. Poor tack coat techniques result
in compromised bonding of the asphalt layers. This
leads to pavement distresses. Possible slippage cracking
and delamination are associated with poor bonding.
Additionally, poor bonding can lead to structural
distresses, namely fatigue cracking and potholes. Often
this lack of sufficient bonding is not recognized as the
source of failures.

Introduction

A key, but sometimes overlooked, component of an asphalt
pavement is the bond strength between asphalt pavement layers.
Tadk coat is a sprayed application of an asphalt binder upon an
existing asphalt or Portland cement concrete pavement prior to
an overlay, or between layers of new asphalt concrete. This thin
membrane of asphalt binder provides the glue between the
layers, creating a monolithic structure which performs as a unit as
opposed to unbound, independent, layers. When properly built, a
pavement will provide the desired characteristics for its users,
while meeting the needs of an agency for an economical,
environmentally friendly and sustainable material.

Poor bonding of a pavement surface layer is a direct result of
inadeguate tack coat practices resulting in slippage and shoving of
the pavement, as s=en in Figure 1. This type of failure is most
frequently seen in locations where braking or acceleration is
common, such as intersections. Other distresses can also be
made related to poor tack coat bonding, most notably pavement
fatigue cracking.

A

sphalt institute




Synthesis Project Time Line ’A

asphalt institute |

e 12-Month Effort  Panel Comments and
* Began in November 2016 Meeting
e Ends October 2017 e June 1, 2017
e Survey e 2Md Draft Report
e January — April 2017 e July/August 2017
* 50 States

e Final Report
e October 2017

e 7 Providences
 Follow-up Interviews

e 15t Draft Report * Publication
e May 19, 2017 . May 2018




Work Plan ’A

asphalt institute |

e Literature Review
e Specifications
e Research
* Testing

e Survey

e US DOTs
e Canadian Ministries

* Follow-Up Interviews

* Report

How not to use a Distributor Truck




‘Sections of the Synthesis 516 Y N

asphalt institute

e |Introduction

e ||terature Review NCHR

e Survey Results

Tack Coat Specifications,
Materials, and

— Ca S e Exa m p I e S Construction Practices

e Conclusions
 Appendices

A Syrethesis of Mighway Practice



Presenter
Presentation Notes
We don’t know the Synthesis number yet.


Literature Review '

asphalt institute

e Importance of Tack Coats

e Tack Coat Definitions

e Tack Coat Specifications

e Tack Coat Materials/Products

e Tack Coat Construction Practices

e Testing and Acceptance of Tack
Coats

Literature Review



Importance of Tack Coats '

asphalt institute

e discusses reasons why a good tack
coat Is Important

* reviews typical pavement distresses
that occur as result of poor bonding
between pavement layers

 examines probable reasons why
poor bonding results in the reported
distress

Literature Review



Tack Coat Definitions '\

asphalt institute

e Undiluted Emulsion - an emulsion which consists primarily of a
paving grade asphalt binder, water, and an emulsifying agent.

e Diluted Emulsion - an emulsion with additional water added to
it. The most common dilution rate is 1:1 (one part undiluted
emulsion and one part additional water).

 Residual Asphalt - the remaining asphalt after an emulsion has
set, typically 57-70 percent of the undiluted emulsion.

* Tack Coat Break - the moment when water separates enough
from the asphalt to show a color change from brown to black.

* Tack Coat Set - when all the water has evaporated, leaving only
the residual asphalt. Some refer to this as completely broken.

Literature Review



Tack Coat Specifications Y N

asphalt institute

e discusses ways agencies have
specified issues related to tack coats

e provides information about:

- methods of material acceptance
- how tack is paid for by agencies
— tack coat material dilution
— tack coat application rates

Literature Review



Tack Coat Materials/Products Y N

asphalt institute

e provides information on materials specified by
agencies for the use as tack coats.

* includes basic information about emulsions, cutbacks
and asphalt binders, which ones are specified as tack
coat material, and why

* includes information about reduced-tracking
materials and their usage

e discusses temperatures at which materials are
applied, and how agencies choose what they believe
to be the best product for their use

Literature Review



Tack Coat Construction Practices )A,

asphalt institute |

 provides detailed findings on agencies’ and
contractors’ best practices regarding the application
of tack coat in the construction phase
e discusses:
— material storage and transport
- equipment inspection and calibration
- handling issues
— surface preparation
- effects of environmental factors
- longitudinal joint surfaces

- vehicle tracking of tack coat Literature Review



Testing and Acceptance of ’A

Tack Coats asphalt institute

e tack coat quality assurance (QA) processes

e discusses:

— whether tack coat material acceptance is based
on field sampling or source sampling

- what types of tests agencies specify for
acceptance of tack coats

- how agencies verify that the appropriate rate and
surface coverage of tack coat is achieved.

Literature Review



=
Survey - excellent response rate h

asphalt institute

45 Questions 7 Provinces
* Tack Coat Payment Specs
- 2 questions

 Tack Coat Materials
- 4 questions

e Tack Coat Application
- 28 questions

e Tack Coat Evaluation
— 9 questions

e Other Questions s
— 2 questions Lo
50 States



Presenter
Presentation Notes
100% response rate from U.S. states, plus 7 Canadian Provinces.


How is tack paid for? y N

asphalt institute |

34%
66%

—

Individual Pay Item

Incidental to Paving

Why is this important?
Little incentive for sufficient tack application if
not a direct pay item




* How is tack measured for pay ? y' N

p“lalt institute

volume of undiluted emulsion
mass of undiluted emulsion
volume or mass of diluted emulsion

volume or mass of residual asphalt

area (square yards)

0% 10% 20% 30% 40% 50% 60% 70%

* Some states pay by more than one method, so %’s do not add up to 100




h

asphalt institute

Synthesis Survey Results:
Percentage of Tack Coat Materials Used in the U.S.

Straight Binders Emulsions Cutbacks Reduced-Tracking

0.4% 0.0%




Top 5 Emulsions Used y N

asphalt institute |

1.CSS-1h (52%)
2.Non-standard™ (48%)
3.S5-1h (46%)
4.5S-1 (36%)
5.CSS-1 (28%)

* Non-standard means that a state has come up with its own
nomenclature for an emulsion, outside those specified in
AASHTO M 140 (Anionic Emulsions), M 208 (Cationic
Emulsions), or M 316 (Polymer-Modified Cationic Emulsions)
Examples: SS-1hp, CRS-2h, EBL


Presenter
Presentation Notes
EBL = Emulsion Bonding Liquid


Top Reduced Tracking Emulsion Used '\

asphalt institute

1. NTSS-1hm (24%)

Others specified (all by less than 3% of the states)

CBC-1H CBC-1HT EM-50-TT
E-Tac NTCQS-HH NTCQS-1HM
NTCRS-1HM NTCRS-1HSP NTHAP

NTT PATT UltraFuse
UltraTack

“Non-tracking tacks are designed to improve the pavement performance by
avoiding the tracking problems associated with traditional tacks. This material is
typically manufactured to harden quickly and adhere minimally to tires. When a
hot lift of asphalt is subsequently placed over the tack, the hardened tack is

reactivated by the heat, and bonds the new overlay with the existing surface.”
(Seo, 2016)
e
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asphalt institute

AVERAGE SPECIFIED RESIDUAL BINDER APPLICATION
RATE AND RANGES FOR VARIOUS SURFACE TYPES
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Is Dilution of Emulsified Tack AIIowed'{ ’A,.

asphalt institute

Dilution
Recommendations

52% 48%

 Verify dilution amount

e Dilution cannot be used to
“stretch” tack

e Residual value is key

Dilution Allowed 48% (24/50)
Dilution Not Allowed 52% (26/50)



Where is Dilution Allowed? '
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Asphalt Institute recommends
that any allowable dilution occur
at the supplier’s terminal
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40%
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10%

0%
At the asphalt At the contractor’s In the contractor’s
supplier’s terminal storage tank distributor
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Dilution verification method(s) allowed? ’A,.
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60%
50% —
40%
30%
20%
10%
0%
certification certification sample from sample from visual dilution rate
by asphalt by contractor contractor’s distributor observation not verified
supplier storage tank during
dilution
process


Presenter
Presentation Notes
Percentages do not add up to 100% because several DOTs allow more than one method


How often is dilution checked? ’A
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daily

monthly

by project

never

other

0% 10% 20% 30% 40% 50% 60%




Distributor Calibration-How often? )A,
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never annually per job other

(18/50) (7/50) (9/50) (16/50)




Distributor Calibration-Method? /A
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Who performs the calibration? y' N
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The contractor - 44% (14/32)

The agency - 28% (9/32)

Independent testing firm - 16% (5/32)
Distributor manufacturer - 16% (5/32)

Other - 3% (1/32)

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%



Surface Cleaning Methods 'A,.
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33% .
Power Brooming: 41% (25/57)

41%
Both Brooming and Air Blowing

or Vacuum: 25% (15/57)

Any of Multiple Specified
Methods: 2% (1/57)

Clean, but Method not Specified:
33% (20/57)
2%

24%




Which of the following are specified by your agency for A

spray application of tack coat materials? asphalt instit

ute

45%
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35%
|
30%
25%
20%
15%
10%
5%
0%
spray without double triple overlap  minimum maximum minimum maximum  clean nozzles uniform other none
overlap of overlap of the of the height (inches)height (inches) angle angle nozzles
emulsion emulsion emulsion of the of the (degrees) (degrees)
streamson  streamson  streamson spraybar spraybar nozzle angle nozzle angle
the the the relative to the relative to the
application application application spraybar




Percent of Surfaces Tacked ’A
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Do any of the following conditions cause the specified A
residual asphalt tack coat application rate to change?  ,gphalt in

stitute

other

overlay thickness

ambient temperatures
pavement surface condition
type of roadway

time of day

time of year

0% 10% 20% 30% 40% 50% 60%



When is traffic allowed on the tack coat? ’Aﬁ
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before the emulsion breaks 0%

after the emulsion breaks 17%

after the emulsion has set 8%

after a specific time delay | 0%

34%

traffic not allowed on fresh tack between
distributor and paver

does not specify

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%




When is the paver allowed on the tack coat? ’A,
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before the emulsion breaks 0%

after the emulsion breaks 55%

after the emulsion has set 11%

after a specific time delay 0%

does not specify 34%

0% 10% 20% 30% 40% 50% 60%



Methods Used to Minimize Tracking ’A
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tack coat must break

tack coat must set

requires the use of reduced-tracking tack materials

allows the use of reduced-tracking tack materials

requires the use of spray pavers

allows the use of spray pavers

sanding of tack coat materials after application

allows wetting/dampening of pavement before
application of tack

other method

tracking or pickup continues to be a problem

4%

15%

15%

15%

15%

15%

43%

30%

59%



Are spray pavers allowed? ’A
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Spray Pavers Allowed
0,
Spray Pavers Not Allowed




Are different tack materials used ’A
with sprav pavers? asphalt institute

m different tack coat material used (16/28)
m same tack coat material used (12/28)



What materials do you use with spray ’A

pavers? asphalt institute

polymer modified emulsion
PG 64-22

non-tracking tack

Emulsion Bonding Liquid (EBL)

CSS-1h

CSs-1

polymer modified CRS-1s

CRS-1P

CQS-1hp




What conditions can lead to tack being waived? ’A,
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44%, Not applicable

0%, nighttime paving

14%, environmental
conditions were
deemed too poor

0%, PCC pavement
surface was milled
prior to paving

2%, asphalt pavement
surface was milled
prior to paving

44%, second lift on
“fresh” material




Bond Strength Testing? ’A,
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38 (76%)

Testing style?

Yes HM No field tension testing
lab tension testing
field torsion testing
lab torsion testing

lab shear testing




When does your agency perform interface bond A

testing? asphalt institute
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What is your minimum bond strength requirement? ’A
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Pavement failure types cited by agencies as potentially A
caused by poor bond strength. asphalt institute

Slippage of the surface layer

Delamination of pavement layer

Fatigue cracking

Top-down cracking

l“ll

Rutting of the pavement

Other distress(es)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%




Does your agency require any tests ’A

on tack coat? asphalt institute

Most common?

Standard emulsion
tests.

M Yes WNo




Case Examples Y N
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e presents the results of in-depth
communication with three states (KS, TX, — L/ ——
WV) which were identified as candidates
for further study

 information is presented regarding:

— their histories with interface bond
testing

- a summary of their testing methods

— discussion of how the implementation
of additional focus on tack coats has
progressed and been received in their
state.

o




Appendices ' N
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e Survey Questions
e Summary of Survey Results

 Tack Coat Training Manual From
NCHRP Report 712

 Kansas DOT Bond Strength Specs
and Best Management Checklists

 Louisiana DOTD Tack Coat Inspector

Checklists
e
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