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Notes have been added here as background information for the PowerPoint slides.  Further information on the study, including all the data, reports and photos can be found at www.pavementpreservation.org/fogseals/.  
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Fog Seal

O AEMA Definition: @ light spray application of
dilute asphalt emulsion used primarily to
seal an existing asphalt surface to reduce
raveling and enrich dry and weathered
surfaces

0 FHWA Definition: the light application of
diluted, slow setting asphalt emulsion
without aggregate cover. The purpose of
fog seals are to seal the pavement, inhibit
raveling, and enrich hardened/oxidized
asphalt.




Fog Seal

[l CALTRANS Maintenance Technical
Advisory Guide: a method of adding
asphalt to an existing pavement
surface to improve sealing or
waterproofing, prevent further stone
loss by holding aggregate in place, or
simply improve the surface
appearance. However, inappropriate
use can result in slick pavements and
tracking of excess material.




CALTRANS MTAG:
Rejuvenating Fog Seal

Rejuvenating emulsions contain
olls which soften an age-
embrittled binder.




An Effective Preservation Program

Cost effectively extends
pavement life

Minimizes extensive rehabilitation
& resulting traffic congestion

Improves ride quality & safety
B Provides smoother, high friction
surfaces
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Pavement Preservation
Benefits of Preventive Maintenance

Pavement Structural Condition w/ time

here NOW

Excellent

40% drop in quality

75% of life )\
$1.00 for PM here

Good

Fair
Poor 40% drop Will save $3.00
inquality to $10.00 here
Very Poor 2% of life
ﬁ
Failed

Pavement Structural Condition
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A sound pavement preservation strategy not only reduces life cycle costs, but also results in better over-all road conditions.  
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Spray Applied Surface Seal :
Study Objectives

Evaluate Effectiveness and Safety
B Sealers
B Rejuvenators

Optimize Timing Of Applications

B Right Place, Right Time, Right Application

B Evaluate lab methods as potential
“triggers” for timing strategies
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This project has four main tasks:  collecting existing information; placement of several experimental sections within different climates, traffic levels and surface characteristics; evaluation of field and laboratory test methods and data collected from the test sections; and disseminating the lessons learned. 


Spray Applied Surface Seal :
The Project

Information gathering

B Government/industry/academia expert task group
advisory meetings

State DOT survey

Literature search

Two national workshops

Field projects & lab testing

B Apply fog seals on different pavement types

B Monitor performance vs. timing of applications
B Evaluate safety concerns

B Develop performance-related test methods

Technology Transfer — “lessons learned
B Workshops, CD, website (hosted by FPP),
WWwWWw.pavementpreservation.org/fogseals/




1. DOT Survey

Il Currently use fog seals
Il Have used in the past
B Don’t use

Didn’t respond
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CUSTOMER SURVEY

The project was initiated in 2001 with a comprehensive user survey of state highway departments.  The survey found that 20 states have had success with fog and rejuvenator seals, 16 states reported they have never tried them, and six states reported they had discontinued their use.  Twenty states reported they were cost-effective, and one state believed they were not.  Four state-of-the-knowledge workshops were held in 2001 and 2002, with expert task groups of representatives from industry, user agencies and academics.  Based on recommendations from these efforts, a study plan was developed.


B

DOT Survey
Surface Types That Are Fog Sealed
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Emulsified sealers and rejuvenators are best used as preventive maintenance treatments on pavements in good condition, but with surfaces that have begun the aging process.  They can be used on any asphalt pavement that has sufficient permeability to allow emulsion infiltration, but traffic should be controlled until the seals have fully cured and friction numbers are restored to acceptable levels. The product selection is dependent upon the problem being solved and the existing pavement type.  Rejuvenator products are most typically used on dense-graded asphalt surfaces, while fog seal products are more commonly used on chip seals and friction courses where binding or enrichment is the main purpose.  However, both product types have been used on all three surface types. 


Upper Midwest Experiences

Minnesota
B Sealing most chip seals and shoulders

Nebraska
B 600 miles planned for ‘07

B Fog sealing lower volume roadways

South Dakota
B 280 miles: mainly fog seal on new chip seals

North Dakota

B 235 miles of fog seal on new chip seals
B 35 miles of fog seal on new HBP pavements

lowa

B 222 miles of Interstate shoulder fog sealing



MN - Why Fog Seal A Chip Seal?






MNDOT
Sealing Shoulders with CRS-2P(d)

[ — ———




MN shoulders:
Shedding Light Rain




'®
DOT Survey
Are Fog Seals Cost Effective?

NO

Yes
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Twenty states reported they were cost-effective, and one state believed they were not. 
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What do we know about Fog Seals?

Low cost preventive maintenance
B 13 cents to $1.60 per square yard

Fog seal
B Emulsion with a hard residue meant to bind or seal

Rejuvenating fog seal
B Light application of dilute oil or oil/asphalt emulsion
B Alter rheology of oxidized asphalt near the surface

Emulsion must infiltrate a dense HMA
surface to reduce moisture intrusion or
rejuvenate aged asphalt.
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Fog and rejuvenator seals are the least expensive preventive maintenance surface treatments designed to protect and prolong the life of good pavements. Several different types of sealers and rejuvenators are readily available in the marketplace.  Sealers such as SS-1 (Slow Setting emulsified asphalt) or CSS-1 (Cationic Slow Setting emulsified asphalt) are commonly used to “seal” the pavement surface or to “bind” or “lock” cover material or fines in-place reducing surface attrition.  Rejuvenators are designed to penetrate into the existing asphalt cement and modify and improve existing chemical and rheological properties. The product selection is dependent upon the problem being solved and the existing pavement type.  Rejuvenator products are most typically used on dense-graded asphalt surfaces, while fog seal products are more commonly used on chip seals and friction courses where binding or enrichment is the main purpose.  However, both product types have been used on all three surface types. 

In the embrittlement process of flexible pavements, the oxidation of asphalt occurs during both construction and the service life of the pavement.  Asphalt hardening during construction can be predicted by laboratory aging procedures, allowing adjustment of the initial binder rheology for typical changes during hot mix asphalt (HMA) mixing and compaction.  The long-term aging of the asphalt is much more difficult to predict.  It depends upon the asphalt crude source, the environment and available oxygen as supplied through interconnected air voids.  Sealers and rejuvenators are used in a preventive maintenance strategy to prevent surface asphalt from reaching the limiting stiffness where surface cracks begin to appear.  If cracks develop, the aging accelerates due to infiltration of moisture and oxygen.  Rejuvenators were developed in the late 1950s to prevent age-induced block cracking by softening hardened binders. 

Some agencies, however, have discontinued or limited the use of fog and rejuvenator seals because of loss of skid resistance.  This study was initiated to determine the effectiveness of seals and evaluate the effects and possible mitigation efforts on safety. 

�REFERENCES

Recommended Performance Guidelines. Asphalt Emulsion Manufacturers Association, AEMA, Washington, D.C., 1990. 

A Basic Asphalt Emulsion Manual. Manual Series No. 19, The Asphalt Institute, Lexington, Kentucky, 1999.

Hicks,RG, and Holleran,G.  Purpose and Use of Fog Seal and Rejuvenators.  Presented at the Sealer/Binder Workshop, Foundation for Pavement Preservation, FHWA, March 2002.

Brown,ER, and Johnson,RR.  Evaluation of Rejuvenators for Bituminous Pavements.  AFCEC-TR-76-3, Air Force Civil Engineering Center, Tyndall Air Force Base, Florida, 1976.

Estakhri,CK and Agarwal,H.  Effectiveness of Fog Seals and Rejuvenators for Bituminous Pavement Surfaces.  Research Report 1156-1F, Project No. 1156, Texas Transportation Institute, College Station, 1991.

Fog Seal Guidelines.  California Department of Transportation, October, 2003.


How Do We Do It?

Spray Applied EmuIS|f|ed Surface

Applications

B Seal & Bind
[0 Dense
0 OGFC
[0 AC-Rubber
1 Chip Seal
B Restore AC

NOT
Rocket Science!



Presenter
Presentation Notes
Fog and rejuvenator seals are diluted water-based emulsions that are sprayed onto pavement surfaces by a distributor.  The emulsions are diluted to allow an even application of a very small amount of asphaltic material to the pavement surface.  Traditionally, highway departments apply fog and rejuvenator seals to pavements to arrest pitting and raveling, to reduce shrinkage tendencies, to decrease permeability, to decrease damage from traffic and snow plows, and to rejuvenate the properties of the existing asphalt cement.  They are also used to improve appearance and safety visibility by blackening the pavement. �

REFERENCES

([i]) Recommended Performance Guidelines. Asphalt Emulsion Manufacturers Association, AEMA, Washington, D.C., 1990. 

([ii]) Estakhri,CK and Agarwal,H.  Effectiveness of Fog Seals and Rejuvenators for Bituminous Pavement Surfaces.  Research Report 1156-1F, Project No. 1156, Texas Transportation Institute, College Station, 1991.







Construction Issues

[0 Distributor properly set-up & calibrated
B Qualified operator

[0 Know when and how to sand
B Light application for areas needing early friction

[ No rain forecast for next 3 hours
B Environmental conditions dictate speed of cure




L@lssons Learned

How to Apply Seals

Caltrans MTAG Guidelines

Distributor: well calibrated
B Correct nozzles, angle, no clogs
B Spray bar height, pattern, speed
B Correct width; preserve stripping?

Application rates: depend on surface
& product

Even, full coverage to protect
l No excess material to track, cause skid
problems
Experience, supplier recommendations
Test strip recommended
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Application Procedures

As with any paving project, the treatment is most effective when placed using good construction practices.  The Foundation for Pavement Preservation and FHWA have developed an excellent checklist. ([i])  From the field trial experiences, it is strongly recommended that a test strip be a pay item to help determine the correct application rate and expectations for curing time to traffic (friction), as well as ensuring proper equipment operation and calibration.  

Equipment

Asphalt distributors from a number of manufacturers were used on the field projects.  When correctly calibrated for light emulsion application, all gave good results.  However, a number of adjustments were made during the trials.  Fog seals have much lower application rates than chip seals, but a complete, uniform coverage is necessary for proper sealing.  The primary cause of poor fog seal construction is improper nozzles--the right type, angle, spray pattern and no clogged nozzles.  The height of the spray bar and bar pressure determines the spray pattern, so that should be properly adjusted.  Recommendations for equipment settings and calibration published by the Asphalt Emulsion Manufacturers Association (1) or equipment manufacturers describe industry best practices. 

Application Rates

There were a number of different materials used in this study, with application rates varying from 0.06 to 0.15 gal/yd2.  Emulsion residue contents and dilution ratios also varied markedly.  Application rates, costs, and performance should be compared at comparable applied emulsion residue content.  The suppliers generally had the best knowledge of their products, and should therefore be consulted for the correct range of shot rates for the surface to be treated.  

�([i])  Pavement Preservation Checklist Series:  Fog Seal Application.  Publication No. FHWA-IF-03-001, Washington D.C., September 2002.


Spray Bar Too High = Streaking

Tricks of the Trade

The mystery of the
triple overlap!
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.dsons Learned

Fog Seal
Products

[1 Sealer emulsions

B SS/CSS; CSS-1hP; Ralumac®
B QS/CQS: LD-7°®

B RS/CRS; CRS-2Pd, HFE-100S
B Gilsonite-based: GSB®-Modified £ i,

[l Rejuvenator emulsions
B Oils: ETR-1; ARA-1; Reclamite®
B AC/Oil: Cyclogen®; ERA®

Hybrids
B PMAC/Oil: Pass QB®
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Fog Seal and Rejuvenator Emulsion Products Used

Standard use water-based asphalt emulsions such as diluted SS-1 (Slow Setting emulsified asphalt) or CSS-1 (Cationic Slow Setting emulsified asphalt) are commonly used to “seal” and waterproof the pavement surface or to “bind” or “lock” cover material or fines in place reducing surface raveling.  Suppliers have also developed emulsions specifically for fog seals. Rejuvenators are diluted water-based emulsions of oils designed to penetrate into the existing asphalt cement and modify and improve existing chemical and rheological properties. 

The products used represented a cross-section of commercially available materials.  The proprietary product descriptions below are given here to document and describe some of the types of products available as well as the specific materials used in this study.  A list of all products on the market was developed at the beginning of the study ([i]), but old products are continually being discontinued and new products introduced.

Sealers

CSS-1h, CSS-1, CQS-1h and SS-1h  The State Departments of Transportation were asked to use their standard fog seal emulsions.  These emulsions met state or AASHTO M-140 (anionic) and M-208 (cationic) specifications.([ii])

CRS-2Pd  Mn/DOT has actively expanded their fog sealing program since applying CSS-1h on the 2002 project.  They believe that a manufacturer-diluted rapid-setting, polymer modified emulsion gives better results on chip seals.  Therefore, CRS-2Pd emulsion (d for “diluted”) was used in 2006.  Other states also reported that they use polymer emulsions.

LD-7  was used on the 2006 Minnesota projects and developed as a fast-curing emulsion trackless tack coat, is also used to lock down aggregates on chip seals.  Unique specifications call for a residue softening point greater than 152ºF.

 GSB Sealer Binders  Gilsonite-based emulsion GSB type B was reportedly used in 2002 on MN 251.  GSB has been the subject of other research projects, including a Tennessee study. ([iii]) 

Rejuvenators

Pass®-QB  quick-break emulsion system is designed specifically for fog seal applications, with an emulsion soap designed to penetrate small pores on the pavement surface.  The residue contains asphalt, rejuvenator oil, and polychloroprene latex polymer.  

Reclamite® Asphalt Preservative Seal  is a cationic emulsion designed to penetrate and rejuvenate the top portion of the asphalt mix by fluxing with the binder.  The specifications require a low residue asphaltene content (ASTM D-2006-70) of 0.4 to 0.75%.

 ERA-1 and ERA-25  rejuvenator products represent different blends of asphalt with Reclamite base oil.  

CRF® Restorative Seal  is emulsion spray-applied by a distributor truck and sand spread over the surface.  The surface is then drag-broomed to force sand into the voids and cracks.

�([i]) Product Listing of Sealers and Rejuvenators.  http://www.pavementpreservation.org/fogseals/Project%20Library/Sealer_Rejuvenator_Products.pdf.  Accessed July 16, 2007. 

([ii]) AASHTO M-140 Emulsified Asphalt, AASHTO M-208 Cationic Emulsified Asphalt. AASHTO, 444 N Capitol St. NW, Washington, DC 20001.

([iii]) AASHTO Product Evaluation List. http://apel.transportation.org/programs/apel/products/evaluation.nsf/57556cf712a8c65b86256aa4002e4391/18130563b8550a7286256c2f006ace81?OpenDocument&Highlight=2,GSB.  Accessed July 13, 2007.


Test Section Locations

O

O

AZ - US 87, Winslow (2001 & 2006) ;

B 3 Surfaces (dense, rubber, chip seal), 18 test sectic

CA - 78, Salton Sea (2001)

B Asphalt rubber surface, 5 sections

CA - 1-5, Marysville (2002)

B Dense-graded surface, 6 sections

MI - M-35, Perkins, MI (2002)

B Site abandoned — problems with field application ra tha

MN - 251, Maple Island (2002, 2004, 20

B Dense-graded surface, 8 sections

MN County Rte 112, Rochester (2006)

Newly constructed pavement

Coarse Superpave surface, 8 sections
Sanding study; evaluate early friction
New trial with WRI study: Fall '06
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THE FIELD TEST PLAN

Sealer/Rejuvenator Project Application Summaries

Arizona US 87 (Winslow, high desert, severe climate) Project Summary 

Surface		9/12/2001 Application		10/19/2006 Application

			Product	Mile Post	gal/yd2Product	Mile Post	gal/yd2	Sand

AR-ACFC		Control	372.516		Control	372.562		

Dense-Graded	Control	386.099		Control	386.146		

Chip Seal		Control	392.203		Control	392.250		

AR-ACFC		Pass QB	372.649	0.08	Pass QB	372.696	0.10	

Dense-Graded	Pass QB	386.217	0.08	Pass QB	386.265	0.10	

Chip Seal		Pass QB	392.000	0.08	Pass QB	392.031	0.06	

AR-ACFC		Reclamite	372.781	0.08	Reclamite	372.829	0.10-0.12	2 lbs/ft2

Dense-Graded	Reclamite	386.348	0.08	Reclamite	386.367	0.07-0.09	2 lbs/ft2

Chip Seal		Reclamite	392.089	0.08	Reclamite	392.127	0.05		2 lbs/ft2

AR-ACFC		CSS-1h	373.047	0.08	CSS-1h	373.047	0.08		2 lbs/ft2

Dense-Graded	CSS-1h	386.712	0.08	CSS-1h	386.664	0.08		2 lbs/ft2

Chip Seal		CSS-1h	392.497	0.08	CSS-1h	392.545	0.06		2 lbs/ft2

AR-ACFC		ERA-25	372.914	0.08				

Dense-Graded	ERA-25	386.752	0.08				

Chip Seal		ERA-25	392.350	0.08				

AR-ACFC		ERA-1	386.484	0.08				

Dense-Graded	ERA-1	373.180	0.08				

Chip Seal		ERA-1	392.640	0.08				

California Interstate 5 (Marysville, heavy traffic, mild climate) (All applied on October 25, 2001)

Reclamite, Pass QB, CQS-1h, CSS-1h and Topein C sections were repaved shortly after the 9-month friction tests.

California State Route 78 (Salton Sea, low desert) (All applied in 2002)

Reclamite, Pass QB, CQS-1h, SS-1h, and Control.  Each of the products was placed over an asphalt rubber surface.  Cores were taken for additional testing in 2007.

Michigan M-35 (Perkins) (All applied 8/26/2002)

CRF and Reclamite were applied.  Problems were reportedly encountered with controlling the field application rates to the specified rates.  It is believed this site was covered before further testing could be done. 

Minnesota State Route 251 (Maple Island, rural, severe wet climate) Project

Site	Mile Post	8/22/2002 Application	7/2004 Application	9/14/2006 Application

2	9.11	Control	 	

3	9.23	CSS-1h	 	CRS-2Pd

4	9.34	GSB (B)	 	LD-7

5	9.45	Pass QB	 	Pass QB

6	9.57	Reclamite	 	Reclamite (6A)		Reclamite

7	9.68	CRF	 		CRF (7A)	

8	9.79	Chip seal	 	CRS-2Pd

Minnesota Olmstead County Highway 112 (suburban rural, severe wet climate) (All applied in 9/13/2006)

Site	Product	Residue	Shot Rate, gal/ yd2	Feet with Sand/No Sand	Sand, lb/ yd2

1	CRS-2Pd	51%	0.10	200 / 100	0.5

2	Pass-QB	37.5%	0.08	200 / 100	0.5

3	LD-7		52.7%	0.10 & 0.12	300 / 100	0.5

4	Control			       / 1200	

5	Reclamite	37.2%	0.10	200 / 100	>1
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The seals should be applied much earlier in a pavement’s life if the conditions illustrated here are to be avoided.


L@sons Learned

Why Fog? Improve Aggregate
Retention for Chip Seals

Arizona Highway 87 — four yrs after fogging

Fog Seal
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On the Arizona project, the southbound control section which had been chip sealed with CRS-2P exhibited severe chip loss after four years, most likely due to snow plow damage.  There was no visible chip loss on the test sections that had been fog sealed immediately, as shown in this photo.


Why Fog?

CA 78 —
Salton Sea

SRS A-yrs after
. R application
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SS-1h — 4 yrs later




CQS-1h — 4 yrs la
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Spray Applied Binder Study

Testing Protocols

Pavement Field Testing

Distress evaluation

Permeability/infiltration testing

Friction & texture measurement
Non-destructive testing for assessing when to
apply treatments

Laboratory Testing

Extracted binder chemical/rheological tests
Mixture tests on thin specimens (DSR, BBR)
Emulsion properties

Permeability
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The original plan called for tests of permeability, friction, surface texture, spectral wave analysis, chemical and physical properties of cores, roughness, texture, rut depth and noise characteristics.  Based on early results and the constraints of the projects, the original test plan was modified.  Some tests were discontinued, and others added as experimental findings dictated. 

Cores were taken for laboratory testing at varying intervals from all the projects.

Friction and surface texture data were collected before construction and after one, 42 and 272 days on the early projects, and soon after construction on the 2006 projects.  Photos and field observations were made on the Arizona, California SR78 and Minnesota SR251 projects in 2005.  


L@;sons Learned

Fog Seal
Pavement Permeability

[1 NCAT Device

Impossible to seal device on
open-graded surface

AT v N he
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However, results from the field permeameter (NCAT) were difficult to obtain on highly permeable surfaces like CR 112, because of incomplete sealing. Laboratory permeability on field cores may be a better measure for predicting emulsion infiltration, and for evaluating the finished seal’s ability to keep water out of the pavement.


L&5sons Learned

Fog Seal
Emulsion Infiltration Test

1 Ring Test — a bit subjective, but useful
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The Ring Test is subjective, but gives a quick and easy indication of the relative ability of emulsions to infiltrate into a pavement surface. 



Method Of Test For Determining The Quantity Of Asphalt Rejuvenating Agent Required For An Asphaltic Pavement.  http://www.dot.ca.gov/hq/esc/ctms/CT_345.pdf.  Accessed July 14, 2007.




chsons Learned

Fog Seal
Surface Modulus

Spectral Wave
Analysis with
Portable Seismic

Pavement
Analyzer (PSPA)

Results showed instrument not
sensitive enough to detect
differences in top 0.3” of pavement

Testing by UTEP
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The results from the Spectral Wave Analysis with Portable Seismic Pavement Analyzer (PSPA) indicated that the change in modulus between depths of 1 in. (which is the upper resolution of the device) to 4 in. was either small or insignificant.  The rheological tests on the cores run at WRI and MTE indicate that 1 in. is too deep to capture the strongest aging effects. Furthermore, the fog seal emulsions rarely infiltrate into the pavement more than 0.5 in. Therefore, use of this device was abandoned early in the project. 


Lessons Learned

Fog Seal
Pavement Friction

Circular Texture Meter
ASTM E-2157

Portable, easy-to-use, repeatable



L@;sons Learned

Fog Seal =
Friction & Texture Testing\i#& & -

Dynamic Friction Test =
ASTM E-1911

B Calculate IFI
] Friction & Texture

[0 Reasonable correlation
with skid trailers

B Good Repeatability
1 3 replicates OK

Portable, easy-to-use
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Field friction testing (International Friction Index from the DFT and CTM) was repeatable, and the results consistent.  Initial testing included six individual runs of each test per test section.  Because of good repeatability, this was reduced to three repeatable runs. Loose sand must be swept before running DFT and CTM tests, or it will increase apparent surface texture, giving erroneously high calculated IFI measurements.  



Circular Texture Meter (CT Meter) ASTM E-2157 and Dynamic Friction Tester (DFT) ASTM E-1911


L@ssons Learned
Fog Seal on Dense Surfaces
Effect on Skid Resistance

Friction initially reduced, but returns to original level with time

Percent Change From Pre-Treatment Friction Levels
Tested at 80 kph (Marysuville)

=&— Control
—a— Reclamite
——Pass OB
—=— CQS-1h
—»— CSS-1h
—&—Topein C

Change In
Friction Levels
(%0)

0 50 100 150 200 250 300
Time Since Treatment Applied (Days)
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Change in Friction from Pre-Treatment Levels

The surface friction was generally lowered immediately after construction, but was regained with time.  The graph shows the change in friction number over time on the I-5 Marysville, California project.  The other projects had similar results. Because of the initial drop in friction, it is recommended that traffic be strictly controlled with pilot cars until the friction index reaches an acceptable level, especially on high speed highways. A fatal accident following improper application of an undiluted rejuvenator emulsion forced Caltrans to place a moratorium on the use of fog seals.  




L&ssons Learned
Friction of

Newly Treated MN TR 112
With & Without Sand |
. I
Sanding increases friction
0.35
0.3 -
0.25 -
0.2
0.15 -
0.1 -
0.05 -

O,

B Unsanded
B Sanded

|FI
(International Friction Index)

Control CRS 2P Pass QB LD7 Reclamite
Treatment

From Dynamic Friction Tester/ Circular Texture Meter immediately after application and curing.
Tested by North Central Superpave Center
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Friction of Newly Treated MN TR 112 With and Without Sanding

Sanding strategies should depend upon the emulsion residue rheology.  The rejuvenator supplier recommended waiting twenty to forty minutes before sanding to avoid leaving oil-saturated sand on the surface.  With harder residue emulsions, the sand was applied immediately after fogging, creating more surface texture. The graph shows that sanding greatly improved the early friction for all sealed sections, but did not quite achieve the pre-treatment level.  




'S
Fog Seal
Lab Test Methods

Lab permeability of pavement cores - NCSC

Fog Seal emulsion properties - AKZO
B Viscosity, surface tension, particle size

Extracted binder properties - WRI
B DSR
B |Low temperature characterization — BBR, DTT

Mixture tests on thin surface specimens
B DSR torsion - MTE
B BBR S & m-value - UMInn

Emulsion residue properties
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Cores were taken at various intervals from some of the projects and sent to Dr. Mike Harnsberger of the Western Research Institute (WRI) for extraction for chemical and rheological testing.  Before testing, the cores were cut into horizontal slices to determine the properties at varying depths in the pavement.  Core samples were also sent to Gerald Reinke at Mathy Technology & Engineering Services, Inc. (MTE) for rheological testing on the mix slices, to Dr. Becky McDaniel and Ayesha Shah of the North Central Superpave Center for permeability testing, and to Dr. Mihai Marasteanu of the University of Minnesota for a newly developed Static Bending Test on rectangular specimens cut from field cores using the Bending Beam Rheometer (BBR).  2006 project emulsion samples were sent by the suppliers to Dr. Alan James of Akzo-Nobel Surface Chemistry LLC for surface tension and particle size testing. 
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Permeabilities — MN 251 & OCR 112

impermeable;

All data < 7 X107

test stopped after 30 minutes.

/dl

alWe[oay

PdZ-SdO

g0 ssed

[0AU0eD

CR 112 (applied '06)

90. PdZ-SHO M [eas diyd

lonmoennnnnin

20, a1we|osy

0, 440

20,440

90, 9O ssed

90. ® 20, 90 ssed

20. 90 ssed

90. 2-d1

90. 2-d1-20. 9SO

0. dSO

90, d2-SdO

90. PAZSHO - 0. T-SSO

20, T-SSO

0.1 -

0.01 -

B om0
I
-l

T
—
o
o
Q

0.001 -
0000

o g

(0as/wd) ANjigesuuod




'®)
Lessons Learned

Why Fog? Repel Water

/Fog seal

w, preventing
___f water
' intrusion

Notice Stripe Retention

MN 251 fog seal
-~ after 4 yrs
- inhghtrain


Presenter
Presentation Notes
Much was learned from this study, including where and when to apply sealers, what test methods are useful, and how to avoid loss of friction problems.  Some of the results are listed below.  More in-depth information on this project, including project reports, field and laboratory data, photographs and results has been posted on the internet.([i])

Photo shows, as one example, the Minnesota 251 site during a light drizzle four years after fogging.  The sealed section appears relatively impermeable to the water, whereas water is soaking into the adjacent unsealed area. 

MN 251 Showing 4-Yr Old Fogged Section (back) Repelling Moisture during Light Rain Storm While Water is Penetrating into Unfogged Section (foreground)



�([i]) Spray Applied Polymer Surface Seals.  http://www.pavementpreservation.org/fogseals/index.htm.  Accessed July 13, 2007.
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Fog Seal
Emulsion Properties

[0 Surface Tension

Wilhelmy plate method

[1 Particle Size

[ DiskCentrifuge |

[0 Saybolt-Furol Viscosity

Not enough testing in this
study for any conclusions
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Presentation Notes
 While there is probably an ideal emulsion viscosity for adequate film thickness and infiltration into a pavement, the surface tension of the emulsion is a better indicator of the ability of the emulsion to infiltrate the surface.  Because this testing was initiated very late in the study, there was insufficient data collected to reach definitive conclusions about optimal surface tension.  Similarly, the particle size of the emulsion should equate with its ability to enter small pores in the pavement surface.  Emulsified rejuvenator oil particles should be easier to deform and enter pores than higher viscosity asphalt droplets.  However, only limited particle size data was collected for this study.  
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Fog Seal
Binder Properties|

Binder Extraction
B Toluene/95% Ethanol

Binder Rheology
B DSR; G*, phase angle, MSCR
B BBR: S, “m-value”, physical hardening

Binder Chemistry

Infrared spectroscopy (IR) - carbonyl

Nuclear magnetic resonance (NMR) - branching
Differential scanning calorimetry (DSC)— wax
Elemental analysis — chemical fingerprint

HPLC - EH&S issues

Rostler, Corbett, asphaltenes

Test results: characterizations did not relate much to performance
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Presentation Notes
The Western Research Institute ran several chemical analyses on products used for the initial trials.  From the field trial results, physical performance testing of mix properties appears to give more reliable information regarding rejuvenator effectiveness than the chemical or physical testing of extracted binders.  
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Fog Seal
Surface Modulus

1 Dynamic Creep (DSR Torsion)
B (time to 5% strain) - MTE

— e
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Presentation Notes
The MTE Dynamic Creep Test on Rectangular Specimens from Field Cores (DSR) following Reinke’s protocol ([i]) has significant variability when testing single thin-sliced specimens cut from the pavement surface, but multiple replicates gave a clearer picture. �

([i])Reinke,G, Glidden,S, Herlitzka,D, and Jorgenson,J.  Laboratory Investigation of HMA Performance Using Hamburg Wheel Tracking and DSR Torsional Creep Tests.  ASTM Digital Library, Volume 2, Issue 10, November 2005.  http://journalsip.astm.org/JOURNALS/JAI/TOC/JAI2102005.htm.  Accessed July 2007.
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INncreasing m-control with aging
for AAS-1 & Exxon AC-20 at Various Aging Times
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Fog Seal

Low Temperature Mix Stiffness & m-value

1 Bending Beam Rheometer (BBR)

B Standard BBR rectangular beams — 500 g load

[0 $200 tile saw cuts surface mix specimens

B Condition & test in BBR at -18 to -6°C
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Presentation Notes
Although age-hardening is typically characterized using high temperature rheological tests on mix specimens or extracted binders, it is much more likely that age-induced block cracking occurs at lower pavement temperatures where binders are stiff and brittle.  Furthermore, research studies report that asphalt oxidation is particularly deleterious to low temperature relaxation properties as might be reported by Bending Beam Rheometer (BBR) m-value, Direct Tension Test (DTT) failure strain, low temperature ductility, or the R-value as derived from the rheological mastercurve. 

Since results from DSR testing indicated that extracted binder rheology can be misleading when fog seals can not infiltrate the surface, the Static Bending Test ([i]) was selected to characterize low temperature mixture properties.  The procedure only became available late in the project, so data is limited to only the later trials.  Thin mixture specimens are cut from field cores to standard BBR specimen geometry and tested for low temperature stiffness and m-value at temperatures ranging from -18 C to -6 C.  This test monitors the effectiveness of rejuvenating seals and might be used to set “trigger” parameters whereby appropriate preventive maintenance strategies can be implemented as aged pavements approach critical cracking conditions. 

�([i]) Zofka,A, Marasteanu,M, Clyne,T, Li,X, and Hoffmann,O.  Development of Simple Asphalt Test for Determination of RAP Blending Charts.  Mn/DOT report  MN/RC – 2004-44, June, 2004.
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Static Bending Test on Rectangular
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0.16 - B m-value
O S [MPa]
0.14 -
0.12 -
0.1 -
O
Q0.0B &:
60.06* 1%
D 0.04 -
=l a
© | @
?0.02 c
E O, E
S g g gse 3 3 s 28 88 g3z ©
c < EAE Ewup3a 0 EENEﬁ'lg[\mSLLU)C\.I
Q | @ ®od Vs on = 0 Q ® o oW = Do P2 oo
O b ©° O w0  |© O O ©° o & 0 |© O [z &
Q L o0 R Q %) @) 0 o 60
¥ - xr
AZ 87 (dense-graded) MN TH 251

Static Bending Test on Rectangular Specimens from Field Cores Tested by Bending Beam Rheometer
Cores taken in Sept and Oct 2006 - year is date of seal - Samples prepared and tested at UMinn


Presenter
Presentation Notes
BBR testing on cores taken from the Arizona and Minnesota projects are reported in the graph.  Polymer in the CRS-2P(d) and Pass QB had a slightly positive effect on the m-value.  The rejuvenator products did not improve the m-value, but in some cases did reduce the BBR stiffness below that of the control.  It appears that the best protection from aging as measured by m-value was accomplished by chip sealing the pavement so that no further oxygen or moisture could enter the mix from the surface.  Given the variability of testing such thin mixture specimens, each of these conclusions is only marginally significant and needs further verification.  





Field Observations

[1 Notes & photos of MN, AZ & CA

projects taken in 2005 & 2006

B Although some 2001 and 2002 seals not
clearly visible, effects of treatment were

Four Year Old Seals

Minnesota Arizona California



Presenter
Presentation Notes
The waterproofing of the seal is visible in the Minnesota (severe, wet climate) photo, the prevention of cracking is clearly evident in the Arizona (high desert, severe temperature fluctuations) photo, and the blackened surface of the fog seal is clear in the California (desert) photo.


Summary Findings

Fog & rejuvenator seals are
Inexpensive & effective pavement
preservation techniqgues

Seals are particularly effective

over chip seals, OGFC, shoulders
B Prevent raveling & broken windshields
B Reduce surface permeability

B Prolong service life

Product selection must fit the use
B Seal vs Rejuvenate




Summary Findings

Primary constraint: friction loss

Construct short test sections
B Check equipment

B Confirm application rate
B Use DFT/CTM or skid trailer to estimate friction
Sanding helps early friction

Traffic control essential

Friction returns over time

If friction i1s not sufficient for traffic,
have a remediation plan




Summary Findings

Equipment calibration essential

Redefine asphalt aging & resulting
block cracking as a low temp
failure

Specify the ability of the emulsion
to penetrate into the pavement

Full reports on project at.:
WWW.pavementpreservation.org/fogs

eals/




Recommendations for Future Study

Not In scope of study:

B Simple, reliable field permeability test

B Develop relationship between emulsion
rheology and infiltration

B Define procedure for optimal application
rates

B Verify if pay-item test strip improves
performance and safety

B Define sand quality for best friction

B Performance-related specifications needed
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Presentation Notes
CONCLUSIONS AND RECOMMENDATIONS

The state surveys, field trials and test results in this study demonstrate that fog and rejuvenator sealers are inexpensive and effective treatments for providing protection to pavements and prolonging pavement life.  The primary constraint to the use of sealers on dense HMA mixes is a loss in friction following application.  Sanding and strict traffic control until friction returns to a specified level can mitigate the problem.  The easily portable Dynamic Friction Tester and Circular Texture Meters are useful devices for quick and repeatable field friction testing.  Seals can also significantly prolong the life of seal coats, open-graded mixes and shoulders.  Specific conclusions for timing, construction and testing may be found above in the Results and Discussion section, but it is recommended that a test strip be a pay item to correctly identify shot rates, equipment calibration and cure time for return to traffic before the project.  

There were several topics beyond the scope of this project that warrant further study.  They include:

Developing a simpler, more effective field permeability test applicable to fog seals;

Developing relationships between emulsion properties (surface tension, particle size, viscosity) and pavement permeability which can predict infiltration of the emulsions into the pavement surface;

Defining a procedure for determining optimum application rates;

Verifying if a pay-item test strip can improve performance and safety;

Defining sand quality including angularity and maximum moisture content; and

Understanding whether vehicle control on newly sealed sections is adequately predicted by IFI.  While the test results showed higher friction on some of the rejuvenator-treated sections, walking, driving and braking on those sections seemed to show that the surfaces were more slippery than the test results indicated.

Specification writing was also outside of the scope of this study.  However, it is strongly recommended that performance-related specifications be developed, and it is hoped the results of this study will be useful in that endeavor.  Some ideas generated here include defining desired physical properties of the surface following application, defining emulsion residue properties in mechanical or physical chemical terms for an emulsion purchase specification, and defining parameters that impact emulsion infiltration into the pavement, such as emulsion surface tension, particle size and viscosity.  Also, there should be definition and specification of construction criteria such as application rates in terms of coverage and decrease in surface permeability, and release to traffic based on minimum friction index, break time and no tracking of material.

The final task of this study is dissemination of the information.  The posting of the results on the internet (10) is being supplemented with workshops at several Pavement Preservation Partnership regional meetings in 2007 and 2008.
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Lessons Learned - When

Lessons Learned Workbook
. .- |l O wWhen to Use Sealers & Rejuvenators DOWNLOADABLE

DOCUMENTS:
One goal of the study is to determine the timing of sealing applications. (Click to open)
Lessons Learned: Sealer &

Rejuvenator

The DOT survey showed that many agencies have |Overview
a scheduled fog seal application program for
preventive maintenance that begins between two |FPP/FHWA Fog
and ten years after HMA construction. Several |53 Checklist
agencies also routinely use spray applied seals Reiuvenator Seal
immediately after chip sealing because the seals | cpecudes

keep down dust, blacken the surface, improve
visibility, and, most importantly, reduce chip 1955, |caltrans Technical
raveling and vehicle damage. Minnesota also Advisory Guide
reports a greatly reduced incidence of snow plow
damage. Full Project Report

Observations of four year old seals in this study
: showed that most materials exhibited minimal
[gﬂc;;éeﬁph;:riiggnt;;tﬂg dF:rE;:.:;dL izic!tg;“ visible color difference between sealed and
Storm While Water Is Penetrating into control sections because most asphalt residue
Unfogged Section {foreground) had worn off of the surface aggregate. However,
the water, raveling and cracking protection still
appeared to be intact. As one example, a project condition survey at the Maple Island site
was conducted during a light drizzle. {See photo.) The sealed sections appeared wet,
whereas water was quickly soaking into comparable unsealed areas. Although still effective at
reducing permeability to moisture, an earlier resealing was probably warranted to prevent
excessive hardening between applications.

There is a question if it is better to have a regular application schedule, or to use some
critical test parameter to determine when it is time to reseal. Some of the analytical
methods discussed later could be used. In particular, the bending beam procedure uses
relatively inexpensive saws to cut thin surface specimens and BBR equipment already
available in most agency and supplier laboratonies. Unfortunately, the BBR method and similar




Lessons Learned - Testing

Lessons Learned Workbook

[J] Test Methods, Test Results & Specifications Photo Callery - Test

Pavement Testing:

* Surface Texture: Circular Texture Meter (CT Meter) ASTM E-2157 DOWNLOADABLE
The equipment conforms to the Standard Test Method for Measuring Pavement Macro- DOCUMENTS:
texture Using the Circular Track Meter. The CTM uses a laser to measure the profile in an  (Click to open)

200-mm circumference circle. The mean depth of texture for each 100-mm segment of the
arc is computed according to ASTM standard practice. The averages of depths of the two

arcs perpendicular to the traveled direction and the twe arcs parallel to it are computed. Friction/Permeability

Portable Seismic

s Friction: Dynamic Friction Tester (DFT) ASTM E-1911 Pavement Analyzer
The equipment conforms to Standard Test Method for Measuring Paved Surface Frictional Report

Properties Using the Dynamic Friction Tester. The DFT has three rubber sliders that are

spring-meounted on & horizontal retary disk at & distance of 250mm. The disk is initially Dynamic Creep (DSR)
suspended above the pavement surface and is driven by a motor until the tangential on Cores

spaed of the sliders is 30 km/h. Water is then applied to the pavement surface by the

device, wheresupon the motor is disengaged and the disk is lowered to the test surface. . .

The three rubber sliders contact the surface and the friction force is measured by a Static Bending (BER]
transducer as the disk spins down. The friction force and the speed during the spin down  ©n Cores

are saved to a file. This results in a continucus spectrum of dynamic coefficients of

friction. The equipment reproduces actual speeds between 0-80 km/hr) and surface Particle Size &
bearing leads of vehicles commonly in use.

Surface Tension

* International Friction Index: as calculated from CTM and DFT
measurements

s  Friction: ASTM E-274, Standard Test Method for Skid Resistance of
Paved Surfaces Using a Full-Scale Tire

¢ Permesbility: NCAT Field Permeameter

+ Infiltration: Methed Of Test Fer Determining The Quantity OF Asphalt

Rejuvenating Agent Required For An Asphaltic Pavement {Ring Test)

Caltrans CT 345

Change in Modulus: Spectral Wave Analysis with Portable Seismic

Caltrans Technical
Advisory Guide

I PR R Lol
Permir Ribaeerepiry CHIRD
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