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THE FOLLOWING GROUP OF SLIDES WAS 

PRESENTED AT THE ROCKY MOUNTAIN ASPHALT

USER PRODUCER GROUP MEETING ON MARCH 3,

2004. SLIDES WHICH HAVE A RED            IN THE 

UPPER LEFT HAND CORNER HAVE NOTES WRITTEN

FOR THEM TO DISCUSS THE DATA PRESENTED.   YOU

SHOULD READ THESE NOTES FOR THE DETAILS 

BEHIND THE DATA

N

greinke
Note
DOUBLE CLICK ON THE YELLOW NOTES BOX TO REDUCE OR SHOW THIS WINDOW.  HOLDING THE CURSOR ON THE YELLOW NOTES BOX WILL CAUSE THE NOTE TO DISPLAY ON THE SCREEN.

greinke
Text Box
DOUBLE CLICK ON THE SMALL YELLOW DIALOG BUBBLE TO SEE NOTES. 
OR JUST PUT MOUSE CURSOR ON THE DIALOG BUBBLE TO READ THE NOTE.
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ON MARCH 3, 2004 SIX INDIVIDUALS PRESENTED 
DISCUSSIONS ON THE USE AND IMPACT OF ACID 
MODIFICATION IN ASPHALT AT THE ROCKY MOUNTAIN 
ASPHALT USER PRODUCER GROUP MEETING.

IN ORDER OF PRESENTATION THE WERE

DAVE JONES-TRUMBULL ASPHALT

GERALD REINKE-MTE SERVICES, INC.

GAYLON BAUMGARTNER- PARAGON TECHNICAL SERVICES

BRUNO MARCANT-RHODIA

LAIRD WEISHAN- NEBRASKA DEPT OF ROADS

BOB MCGENNIS-KOCH PAVEMENT SOLUTIONS
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MOISTURE SENSITIVITY OF ACID 
MODIFIED ASPHALT & MIXTURES 

WITH and WITHOUT ANTI-STRIPPING 
AGENTS

FOR PRESENTATION AT THE ROCKY 
MOUNTAIN ASPHALT USER PRODUCER 

GROUP MEETING

By Gerald Reinke—MTE Services, Inc.

MARCH 3, 2004  SANTE FE, NM

OR
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“It’s not what we don’t 
know that hurts, it’s 
what we know that ain’t 
so” – Will Rogers
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“Quod enim mavult homo
verum esse, id poitus
credit”

OR

What man wishes were 
true, he more readily 
believes.
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SOME BACKGROUND INFORMATION

1. DESPITE RECENT FLURRY OF CONCERNS RELATED 
TO ACID MODIFICATION OF ASPHALT THE 
INCORPORATION OF ACIDIC CHEMICALS  INTO 
ASPHALTIC PRODUCTS & BITUMINOUS PAVING 
MATERIALS HAS BEEN THE SUBJECT OF RESEARCH 
FOR MANY YEARS.  

• PATENT REFERENCE FROM 1939 (BURK 
2179208) STANDARD OIL, DIRECTED TOWARDS 
MANUFACTURING ASPHALT WITH THE USE OF 
ACIDS AND REDUCED TIMES OF AIR BLOWING

• ALEXANDER IN 1973 (3751278), TOSCO-LION 
REFINING CO., DIRECTED TOWARDS THE USE OF 
PHOSPHORIC ACIDS TO PRODUCE PAVING 
GRADE ASPHALT WITHOUT BLOWING
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BACKGROUND CONTINUED

• McGINNIS (ED) 1991 (CHEVRON) USE OF 
SOLVENT EXTRACTED ASPHALT, A 
BITUMINOUS MATERIAL AND PHOSPHORIC 
ACID

• MORAN (ESSO) 1989, 1991, 1992 USE OF 
ACID AND A WIDE RANGE OF POLYMERS

• REINKE, ENGBER (MTE) 2001, 2003 USE OF 
ACID WITH EPOXY GROUP BEARING 
TERPOLYMERS

• BAUMGARTNER, ET. AL (ERGON) 2000, 2001  
METHODS OF PREPARING POLYPHOSPHORIC 
ACID AND POLYMER ASPHALT BLENDS

• PUZIC, ET. AL (EXXON RESEARCH) 1996, 
1997 USE OF ACID AND DIENE CONTAINING 
POLYMERS
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BACKGROUND CONTINUED

• VAN DER WERFF, ET. AL (SHELL OIL) 1996 
USE OF ACID AND GLYCIDYL CONTAINING 
POLYMERS.  (MAINLY DIRECTED TOWARDS 
ROOFING APPLICATIONS)

• GERMANAUD ET. AL (ELF FRANCE) 1997 USE 
OF SBS, SULFUR AND ACID TO PRODUCE 
PMA

• PLANCHE, ET. AL (ELF FRANCE) 2000 USE OF 
EPOXY BEARING POLYMERS, ACID IN 
CONJUNCTION WITH SBS
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JUST BECAUSE INDIVIDUALS AND 
COMPANIES ENGAGE IN OBTAINING 
PATENTS ON A PARTICULAR 
TECHNOLOGY DOESN’T 
NECESSARILY MEAN THAT IT IS 
WORTHWHILE!

I KNOW WHAT YOU’RE THINKING
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THERE ARE REALLY 2 AND PERHAPS 3 ISSUES WHEN 
IT COMES TO THE DISCUSSION OF ACID 
MODIFICATION OF ASPHALTS AND HMA 
MIXTURES

1. THE REACTION OF ASPHALT WITH AN ACID 
(GENERALLY POLYPHOSPHORIC ACID TODAY) 
TO YIELD AN IMPROVED PG GRADE RELATIVE 
TO THE BASE ASPHALT

2. THE USE OF AN ACID REACTANT ALONG WITH 
A POLYMER MODIFICATION OF THE ASPHALT. 
GENERALLY TODAY THE POLYMER IS EITHER 
SBS, SB, OR AN EPOXY BEARING ETHYLENE 
TERPOLYMER

3. THE USE OF AN ACID CATALYST AS PART OF 
THE OXIDIZING PROCESS TO PRODUCE A PG 
GRADED BINDER.
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BUT LET’S NOT FORGET OL’ WILL ROGERS

WHAT IS IT THAT WE KNOW AND WHAT IS IT THAT 
WE KNOW THAT AIN’T SO

WE KNOW ? THAT BITUMINOUS MIXES MADE WITH 
ACID IN THE ASPHALT 

1. AGE FASTER (THAN ?)

2. ARE MORE SUSCEPTIBLE TO THERMAL CRACKING

3. ARE MORE SUSCEPTIBLE TO FATIGUE FAILURE

4. ARE MORE SUSCEPTIBLE TO MOISTURE (THAN ?) 

5. CAN’T BE BLENDED WITH ANTI-STRIPS

6. WILL REACT DETRIMENTALLY WITH CERTAIN 
TYPES OF AGGREGATES
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IMPACT OF THE 
ADDITION OF ACID ON 

THE PROPERTIES OF 
ASPHALT BINDERS    

AND MIXES
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ASPHALT C ASPHALT B ASPHALT T ASPHALT M ASPHALT A

IMPACT ON HIGH TEMPERATURE PG GRADE
ADDITION OF 1.2% OF DIFFERENT TYPES OF 

POLYPHOSPHORIC ACID

07/16/02 01:09:11 C:\DRIVE_E DATA\(A)Rhios600_2002\RHODIA\RHODIA MIX DATA\LARAMIE HIGH TEMP PG GRADES 5 BINDERS 3 PA TYPES.spf

N

greinke
Note
This slide shows the results of modifying 5 different binders with 1.2% polyphosphoric acid of varying concentrations.  The important point to realize from this data is that every binder reacts differently to the addition of the acid.  In the case of binders B and T there is a very modest change in the high temperature PG grade of the binder. 
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IMPACT ON CRITICAL CRACKING TEMPERATURE
ADDITION OF 1.2% OF DIFFERENT TYPES OF 

POLYPHOSPHORIC ACID

07/16/02 01:16:39 C:\DRIVE_E DATA\(A)Rhios600_2002\RHODIA\RHODIA MIX DATA\LARAMIE CCT LOW TEMP GRADES 5 BINDERS POLYACID STUDY.spf

IMPACT ON CRITICAL CRACKING TEMPERATURE OF 
BINDER

ADDITION OF 1.2% (0.6% FOR ONE SAMPLE OF DIFFERENT 
TYPES OF  POLYPHOSPHORIC ACID

N

greinke
Note
For the same binders as shown in the previous slide, this data shows the impact on the critical cracking temperature of the PAV residues.  In some cases, Asphalts B, M and A there is little change in the low temperature grade of the binder relative to the base asphalt.   Also note that for Asphalt C the addition of 1.2% acid has a far greater impact than addition of 0.6% acid.
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greinke
Note
In addition to increase in the high temperature PG grade of the binders due to the addition of polyphosphoric acid, we have also observed a reduction in cumulative strain in the repeated creep test.  This is just one example to make the point comparing base Asphalt M and one of the acid modified versions of Asphalt M.  Work conducted and published in NCHRP 9-10 showed that mixes tended to have lower permanent deformation when the binders had reduced cumulative strain at any given temperature.  
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greinke
Note
While acid modification does reduce cumulative strain, thus providing a stronger binder; the impact is not the same as polymer modification.  This data shows cumulative strain result of modifying a PG 58-28 to make a PG 64-28 using only acid and a polymer plus acid reaction system.  The base asphalt (black line) has substantially higher strain than the acid modified 64-28 (red line), but the use of polymer results in even greater reduction in cumulative strain (blue line).
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07/15/02 03:08:23 C:\DRIVE_E DATA\AR2000\Analysis\Rhodia\LARAMIE 3.5% & 7% AV FLOWNUMBER FOR GRANITE MIXES,  ALL BINDERS.spf

N

greinke
Note
The results shown in this and the next several slides, show the impact of acid modification on mixture strength.  Using torsional bars tested in repeated creep in a dynamic shear rheometer the time to failure of the mix specimens was determined.  In this slide Asphalts B and C were used to produce mixes at 3.5% and 7% air voids using a granite aggregate.  The results for each binder show that relative to the unmodified base the mixes produced with the acid modified binders are much stronger (longer times to failure under repeated stress).  As one would expect the mixes with 3.5% voids performed better than the those with 7% voids.  
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N

greinke
Note
This slide shows only data at 3.5% voids but compares mixture results for Asphalts B and C for two different aggregates-a granite and a limestone.  The 3.5% voids granite data for both binders is the same as from the previous slide.  However, the limestone mixes are much stronger, especially those for the acid modified mixes with both asphalt sources.
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N

greinke
Note
This slide is another view of the mix data for the 7% air voids mixes for both the granite and limestone aggregates.  Data for Asphalts B and C are shown.  Asphalt B mixes (left half of plot) show a modest increase in strength for both aggregates using the acid modified binder relative to the control.  For Asphalt C a similar result is shown.  However the impact of acid addition on the mix performance is more pronounced for Asphalt C.  This should not be unexpected when one considers that Asphalt C had the largest high temperature response to the acid addition. Check slide #10 for this information.
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IMPACT OF AGING ON 
PROPERTIES OF MIXES 
PRODUCED WITH ACID 
CONTAINING BINDERS
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Note
One way to quantify the impact of aging on binders is to perform an infrared scan and look at the change in the carbonyl absorption as binders age.  This slide shows the portion of the FTIR scan which we examined.
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Aging Study
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greinke
Note
To put things into perspective, this slide shows a plain PG 58-28 and compares the FTIR scans for the unaged, RTFO and PAV residues.  You can see that as the binder ages the area under the curve in the wavelength of interest increases as a result of carbonyl increase due to aging.  
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Aging Study
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Note
A PG 64-28 binder produced using acid modification was used to produce mix specimens in the laboratory.  Those mix specimens (at 7% target air voids) were aged at 85°C in a forced draft oven for up to 25 days.  The binders were extracted and recovered and FTIR scans were performed on the recovered binders as well as the unaged, RTFO and PAV residues of the actual asphalt.  This slide shows that binder recovered from the unaged mix has characteristics somewhere between the RTFO and PAV residues-gray line compared to the green and purple lines. The binder from the 5 day aged mix has properties which show more aging than the PAV residue
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Aging Study
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Note
In a similar fashion a PG 64-28 was produced using an Elvaloy polymer reacted with polyphosphoric acid using the same base asphalt. Note the peak at about 1730 cm-1 that is unique to the polymer.   Binder from unaged mix is not shown in this slide, but as in the data for the acid modified PG 64-28 the binder recovered from the 5 day aged mix shows more aging than does the PAV residue of the binder.  
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Note
This slide shows a plot of the carbonyl area from the FTIR scans for the different binder samples relative to the phase angles of the binders determined at 70°C.  I chose phase angle because as binders age and become stiffer the phase angle decreases thus indicating greater elastic modulus and decreasing viscous modulus.  Also phase angle was more highly correlated to changes in carbonyl area and thus to binder aging than was G*/sin(delta).  It is worth noting that the plain binder properties did not fall on the same lines as the binders recovered from the mixes, this indicating that the aging mechanisms are most likely different between aging on aggregate at low temperatures compared to aging of binder in the RTFO and the PAV.  There are several other pieces of information present in this slide.  The phase angle of the PG 64-28 P (polymer modified) product is always lower than the phase angle of the PG 64-28 C (acid modified) product-as one would expect.  However, the amount of aging, as measured by the areas under the carbonyl part of the FTIR scans are similar at each specific aging time for both binders.  Thus for the unaged asphalt (left most data) the area value is about 1.1 for both binders.  The RTFO residues show a little variation and the PAV residues show even more variation thus indicating more carbonyl growth in the acid modified material due to the PAV aging process.  However, the binders recovered from the aged mixture samples, show very similar carbonyl values even out to 25 days.  This data indicates that in a mixture matrix and subjected to less severe aging conditions, both binders age at about the same rate.
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Note
This is a plot of cumulative strain of the binders recovered from the aged mixes.  Even though the aging as measured by carbonyl increase is similar for both binders, the cumulative strain (which is in part governed by binder phase angle) of the polymer modified binder diverges from that of the acid modified binder after about 5 days of mix aging.
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greinke
Note
This slide shows the impact of binder aging on the mixture strength at high service temperatures as determined by the DSR creep test.  As would be expected as the mixes are aged the time required for the mixes to fail increase.  This development of mixture strength is shown here to be highly correlated to aging of the binder in the mix as measured by increase in the carbonyl area.  These curves are nearly parallel, although it is possible to observe that as the mixes age they are tending to intersect.  The PG 64-28 P mix is a stronger mix (longer times to failure at each aging condition) than the PG 64-28 C (acid modified mix).  However, it should be noted that there is only a very slight indication (based on the slopes of the 2 lines). that the acid modified mixes are aging more quickly than the polymer modified mix.  
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Note
This slide shows the impact of mix aging on the critical cracking temperature of the binders recovered from the aged mixes. [Note-data was regressed versus degrees K to avoid problems with negative numbers, the data in degrees C are at the right]  Binders recovered from the unaged mixes have very nearly the same critical cracking temperatures.  As the mix ages to 5 days there is a more rapid increase in the cracking temperature for the acid modified binder than for the polymer modified binder.  However, the data shows that after this initial change the average differential between the critical cracking temperatures of the binders does not change.  In other words the relative aging of the acid modified binder compared to the polymer modified binder does not continue to increase with aging time.
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greinke
Note
Torsional fatigue testing of unaged mixes was performed for both the acid modified and the polymer modified binders. The simply way to read this data is that lines which lie higher on the plot indicate mixes which are more resistant to fatigue failure at any given microstrain value.  Steeper slopes indicate stiffer mixes which are generally more resistant to fatigue failure at low strain values but are highly strain susceptible.  Parallel fatigue lines, such as those shown in this slide, indicate similar susceptibility to strain variations, but also show that the polymer mix is more resistant to fatigue failure by about ¾ of an order of magnitude.
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greinke
Note
The torsional fatigue results of the 5 day aged mix (85°C, forced draft oven) show an improvement in fatigue resistance for both binders.  The mix produced with the polymer binder is still about an order of magnitude more resistant to fatigue failure.  Most of the time as the binder ages slightly and becomes stiffer the fatigue resistance improves.  However this improvement with aging does not continue indefinitely.
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greinke
Note
By 10 days of aging at 85°C the fatigue resistance of both binders decrease.  The polymer binder is still better than the acid modified binder, but the two are much closer together in their fatigue response.  In this case the two mixes differ by less than ½ an order of magnitude after 10 days of aging.  Our work has indicated that by 10 days of mix aging under these conditions, the rheological properties of extracted binders match those of the PAV residue.  
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greinke
Note
These data show a comparison between SBS mixes and Elvaloy reacted with acid mixes.  Both mixes used a PG 64-34 binder produced from the same base asphalt.  Sets of specimens from both mixes were aged at 85°C in a forced draft oven for up to 25 days.  Specimens were removed for testing at 5 day intervals.  This slide shows the temperature at which the binder DSR result = 2.2 kPa for each aging time period.  Once again we see that binder aging in the mix is different than aging in the RTFO and the PAV.  
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greinke
Note
The low temperature cracking value of the Elvaloy + acid binder is lower than that of the SBS modified binder.  The critical cracking temperatures of the PAV residues of the two binders are very similar (only about 0.5°C different), while the recovered binder samples vary between nearly identical (10 DAYS AGING) to each other and about 2°C for the remaining aging periods.
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MIX FLOWTIME TO FAILURE
RELATED TO DAYS OF MIX AGING @ 85°C IN FORCED DRAFT OVEN
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greinke
Note
Although the recovered binder properties are similar, the failure times of the mixes are not
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IMPACT OF MOISTURE ON 

1.ACID MODIFIED ASPHALT

2.POLYMER MODIFIED + ACID

3.BLENDS CONTAINING 
PHOSPHATE ESTER ANTI-
STRIP ADDITIVE 

T-283 AND HAMBURG DATA
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greinke
Note
T-283 tests were performed on mix samples produced with limestone and granite aggregates using Asphalt C with and without acid modification.  As has been stated earlier, there is an optimum addition level of polyphosphoric acid for each binder and mix type.  In this case the 1.2% addition to Asphalt C resulted in a failing TSR even though the dry strength of the mix had been improved.  By reducing the acid level to 0.6% the TSR result met the specification.  It should be pointed out however that the wet tensile strength of the 0.6% modified mix was the same as that of the control mix using no acid addition.  The granite mix showed improvement in the dry and wet strengths.
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greinke
Note
For Asphalt source B the addition of 1.2% polyphosphoric acid resulted in an increase in both the dry and wet tensile strengths for both the limestone and the granite aggregate mixtures.  Even though the limestone mix TSR at 86.8% is lower than that of the control limestone mix, the actual wet tensile strength of the acid modified mix is approximately that of the dry control mix.  
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CLICK ON SLIDE TO RUN VIDEO
N

greinke
Note
This is a video slide which shows the PMW wheel tracker in action.  This Hamburg-type rut tester is built by Precision Machine and Welding in Salina, KS.  Test conditions under water are typically 50°C, 52 wheel passes per minute with a wheel load of 158 lbs.


greinke
Note
VIDEO FROM POWERPOINT DOES NOT OPERATE IN ACROBAT
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greinke
Note
This slide shows a typical stripping and rutting result.  When run under water the mix undergoes “normal” rutting until the action of the steel wheel, temperature, and water, cause the mix to begin to break down.  This can be as a result of stripping (debonding of binder from aggregate), flushing of fines, crushing of aggregate (as with some softer limestones) or a combination of two or more mechanisms.  The inflection point in the data trace is identified as the onset of stripping.
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greinke
Note
Summary of the Onset of Stripping values for the series of mixes produced with various binders with a Minnesota limestone aggregate.  
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PG 58-34 ACID MODIFIED
4.5 MILES, PAVED JULY 2002

N

greinke
Note
This project was constructed in Houston County, MN on highway 9 in July of 2002 using a PG 58-34 produced with acid modification.  After nearly 2 winters there are no cracks or ruts.  
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HAMBURG ONSET OF STRIPPING
FOR LIMESTONE MIX
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greinke
Note
Bar graph comparing the Onset to Stripping values of the 3 mixes shown.  All of these mixes were from mix actual plant produced material. In case anyone is concerned the PG 64-28C without Gripper X was placed on an internal haul road.  We just ran enough mix without Gripper to obtain mix samples for testing.
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greinke
Note
This series of data traces shows a lab study of a high quality limestone aggregate with several different PG 70-22 binders and the PG 64-22 control.  Only 2 blends contained acid.  The PG 70-22 PPA (acid only) and the PG 70-22 PPA + Gripper X.  The PG 70-22 Polymer used SBS, the PG 70-22 straight run was refined to grade, the PG 70-22 Air Blown was an oxidized blend.  There isn’t much surprising here.  The PG 70-22 PPA without Gripper did about as well as the original asphalt.  The PG 70-22 PPA + Gripper and the other 2 non-polymer modified mixes performed at the same level and the polymer modified blend out performed all mixes.  The important thing I think to point out is that acid modification with the addition of the Gripper X can enable a binder to perform at the same level as other enhanced high temperature grade materials, but will not make it perform like a polymer.  
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greinke
Note
Bar graph showing Onset of Stripping results.  Note the value for the polymer blend is listed at 20000 cycles, when in reality that number would be higher if the test had run for a longer period of time.  Note similarity of PG 70-22 straight run, PG 70-22 air blown and PG 70-22 PPA + Gripper X.
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greinke
Note
Bar graph showing stripping onset results. Note the actual values are not very high for any of these mixes compared to the results in slide #9. Keep in mind however what I mentioned earlier about other factors such as aggregate quality playing a role in how quickly one mix fails compared to another.  The results are not only dependent on the binder itself.  
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greinke
Note
This slide is intended to show that Elvaloy modified binders reacted with acid will perform as well as SBS modified binders.  In the case of the 1184 (SBS) and the 1052 (Elvaloy) binders we took great pains to be sure the G*/sin(delta) and the phase angles were as close to identical as we could get them.  My goal-to make the point that binder properties, especially those controlling elasticity, control performance.  
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“When you have 
eliminated the impossible, 
whatever remains,  
however improbable,  
must be the truth.”
Arthur Conan Doyle
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NEBRASKA I-80 CRACKING

COMPARISON OF PG 70-28 MADE WITH 
STYLINK & 70-28 MADE WITH ELVALOY + 
ACID

CONSTRUCTED 1999, SOME OF THE FIRST 
SUPERPAVE PROJECTS IN NEBRASKA

EXTENSIVE CRACKING IN ELVALOY + 
ACID SECTIONS &MINIMAL CRACKING IN 
STYLINK SECTIONS

ACID MODIFICATION WAS BLAMED FOR 
THIS PROBLEM
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Acid Type POLYMER       
Modification                             MODIFICATION
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TO INVESTIGATE THIS PROBLEM CORES 
WERE CUT FROM BOTH THE STYLINK 
AND ELVALOY+ACID SECTIONS.  ONE 
PORTION OF THE ELVALOY + ACID 
SECTIONS DID NOT EXHIBIT ANY 
CRACKING AND CORES WERE TAKEN 
FROM THIS LOCATION AS WELL.

THE PROJECT CONSISTED OF A 80 mm 
BOTTOM LIFT AND A 50 mm TOP LIFT. 
BOTH LIFTS WERE CONSTRUCTED WITH 
THE SAME MIX AND BINDER
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greinke
Note
This and the next picture are representative of the cores.  The two I have chosen to picture enable one to see the demarcation between the top and bottom lifts.  
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TOP LIFT ~ 50 mm

BOTTOM LIFT ~ 80 mm

UNCRACKED SECTION

N

greinke
Note
There was one section of I-80 constructed with Elvaloy and acid that did not exhibit the joint reflective cracking.  It was important to test that section and find out what was different about it compared to the cracked sections and to uncracked Stylink sections.
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PROPERTIES OF BINDER RECOVERED 
FROM TOP 2” OF IDENTIFIED CORES

SHIPPED GRADE = PG 70-28

• Core 405.9W—
Stylink, #11

• 2.2 kPa @ 79.4°C
• 5000 kPa @ 20° C
• @ -18°C

• S=252 Mpa
• M=0.306

• Core 425E—
Elvaloy+acid, #3

• 2.2 kPa @ 77.2°C
• 5000 kPa @ 19.1° C
• @ -18°C

• S=264 Mpa
• M=0.324

N

greinke
Note
Properties of binders extracted from the top 2 inches of a cores taken from the Stylink and Elvaloy sections.  Note that the PG gradings of these 2 binders are nearly identical after 4 plus years in service.  
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greinke
Note
Slices were cut from the bottom lift for testing once it was determined that the cracking had occurred from the bottom upwards.
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greinke
Note
Binders extracted and recovered from the bottom lift (protected by 2 inches of surface mix) showed DSR properties at 70°C that were similar, although the Stylink stiffness values were slightly higher than the Elvaloy values.
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greinke
Note
More importantly, for an examination of fatigue related cracking, were the binder properties at 19°C of the binders extracted from lower lifts.  Surprisingly, the binder stiffness values at 19°C of the binders were all very similar and quite low relative to 5000 kPa.  




59-3 -2 -1 0 1 2 3 4
Log [ang. frequency (rad/sec)]

7

8

9

10
Lo

g 
[|G

*| 
(P

a)
]

NE I-80 ELV 400E, 9B-1,mastercurve @ 20°C, AR2NE I-80 ELV 400E, 9B-1,mastercurve @ 20°C, AR2, Step
NE I-80 ELV 400E, 10B-1,mastercurve @ 20°C, AR1, Step
NE I-80 ELV 419E, 13B-1 #3, mastercurve @ 20°C, Step
NE I-80 ELV 425E, 6B-1#2, mastercurve @ 20°C, AR1, Step
NE I-80 KMC 416E, 1B-1, mastercurve @20°C from 10-30°C sweep AR1, Step
NE I-80 KMC 405.9W#2, 11B-1 mastercurve @  20°C, AR-2, Step

N

greinke
Note
Mixture stiffness mastercurves were generated at 20°C using the DSR to perform frequency sweeps on mixture slices.  With exception of Elvaloy core location 419E, which had a low modulus, all mixtures had virtually the same G* value except at the lowest reduced frequencies.  In the range of 10 to 100 radians/sec, the curves overlapped.
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02/22/04 23:45:25 C:\DRIVE_E\(A)RHIOS600_2004\Nebraska Project\Nebraska I-80#1.spf

N

greinke
Note
Torsional fatigue testing was performed on mix slices cut from the lower lift of the different sections.  This fatigue data matched what was observed in the field.  The two Elvaloy sections which had extensive cracking (locations 425E and 419E) had the lowest fatigue response especially at low strains.  The Elvaloy section which had not cracked (location 400E) had fatigue properties similar to the Stylink sections.  The real question now was to explain why.  
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greinke
Note
We plotted cycles to fatigue failure at 1000 microstrain versus the mix strength from the repeated creep test on the DSR.  The two mixes location with the lowest fatigue results had the lowest mix strength based on flowtime values.  However the other mixes, which all had similar fatigue results had a range of mix flowtime results.  While there was a directional trend the relationship was not very strong.  




62

0

1E+05

2E+05

3E+05

4E+05

5E+05

6E+05

7E+05

8E+05

9E+05

FA
T I

G
UE

 C
YC

LE
S 

TO
 F

AI
LU

RE
 @

 1
00

0  
µS

TR
AI

N
 &

 2
0°

C

6.0E+08 7.0E+08 8.0E+08 9.0E+08 1.0E+09 1.1E+09 1.2E+09 1.3E+09 1.4E+09 1.5E+09 1.6E+09 1.7E+09
COMPLEX MODULUS (G*) @ 20°C OF MIX, Pa

Elvaloy 425E

Elvaloy 419E

Stylink 416W

Stylink405.9W

Elvaloy 400E

Elvaloy 400E

Y=661773.39-2.1964948E+23/X2: R2=0.20

FATIGUE CYCLES TO FAILURE @ 1000 µSTRAIN & 20°C
AS A FUNCTION OF COMPLEX MODULUS OF THE MIX

TESTED AT 20°C

02/22/04 22:50:22 C:\DRIVE_E\AR2000\RESULTS\2004\NE I-80\CYCLES TO FAILURE @ 1000 MS = F(MIX G star @ 20C).spf

N

greinke
Note
Fatigue cycles to failure at 1000 microstrain were plotted versus complex modulus of the mix as determined at 20°C.  As we had seen earlier most of the mixes had similar G* values and there really is no relationship between mixture modulus and fatigue failure.
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Note
Finally we looked at cycles to fatigue failure as a function of air voids in the mix sections that we tested. The Corelok device was used to determine the air voids, thus keeping the mix sections dry.  We found that the two Elvaloy sections which exhibited the reflective cracking had in place voids of 7% or higher-after 4 years in service.  For the other locations the Stylink and Elvaloy sections which had similar in place voids had similar fatigue cycles to failure at 1000 microstrain.  The in place air voids appear to predict the fatigue failure, but what caused this variation in voids.  In my opinion the mix was over compacted at the time of construction.  This was the first year that Nebraska paved any Superpave mix and Elvaloy mixes tend to be less stiff than SB or SBS modified mixes and with people unfamiliar with the product over densification can result.  There might be alternate explanations, but at this point I am not aware of any that fit the data.
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Lending some credence to the over compaction idea, are these examples of broken aggregate that we found in the mix. 
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Data from Westrack shows that air void content can play a large part in the amount of fatigue cracking in a mix.
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This is more data from Westtrack.  For the fine mix the air void content played less of a role in fatigue cracking than for the coarse mix.   However, it can see from the data that high air voids still contributed to the occurrence of fatigue cracking.
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BUT LET’S NOT FORGET OL’ WILL ROGERS

WHAT IS IT THAT WE KNOW AND WHAT IS IT THAT 
WE KNOW THAT AIN’T SO

WE KNOW THAT BITUMINOUS MIXES MADE WITH 
ACID IN THE ASPHALT 

1. AGE FASTER (THAN ?)

2. ARE MORE SUSCEPTIBLE TO THERMAL CRACKING

3. ARE MORE SUSCEPTIBLE TO FATIGUE FAILURE

4. ARE MORE SUSCEPTIBLE TO MOISTURE (THAN ?) 

5. CAN’T BE BLENDED WITH ANTI-STRIPS

6. WILL REACT DETRIMENTALLY WITH CERTAIN 
TYPES OF AGGREGATES
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WHAT DO WE KNOW NOW?

MAYBE LESS THAN WHEN WE STARTED

1. MIXES MADE WITH ACID MODIFIED 
BINDERS DO SEEM TO AGE MORE RAPIDLY 
THAN THOSE MADE WITH POLYMER + 
ACID—BUT DO THEY AGE FASTER THAN 
UNMODIFIED BINDERS?

1. DOES THAT MATTER IF THE LOW 
TEMPERATURE PROPERTIES REMAIN 
INTACT?  

1. STIFFER MIXES RESIST RUTTING

2. FATIGUE IS THE QUESTION
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WHAT DO WE KNOW NOW?

THE ISSUE OF FATIGUE

1. OUR DATA INDICATES THAT FATIGUE OF 
MIXES USING POLYMER IS BETTER THAN 
THAT OF MIXES WITH ACID ONLY—UP TO 
A POINT

1. ONCE THE MIX HAS BEEN AGED THE MIX  
FATIGUE RESULTS SEEM TO MERGE.

2. BAHIA, ET. AL PRESENTED RESULTS AT 
2004 TRB SHOWING COMPARABLE 
FATIGUE PROPERTIES FOR ACID AND 
POLYMER MODIFIED PAV RESIDUES
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WHAT DO WE KNOW NOW?

THE ISSUE OF MOISTURE SENSITIVITY

1. THIS IS A MIX PROBLEM AND SHOULD BE 
TREATED AS A MIX PROBLEM

2. THERE ARE COMPATIBLE  ANTI-STRIPPING 
ADDITIVES AVAILABLE—USE THEM WHEN 
NEEDED

1. FOR MANY AGGREGATES THE PPA 
APPEARS TO SERVE AS AN ANTI-STRIP

3. THE TOOLS ARE AVAILABLE TO PREVENT 
INCOMPATIBLE SYSTEMS FROM REACHING 
THE ROAD—USE THEM
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SOME FINAL COMMENTS

1. ACID MODIFICATION g POLYMER 
MODIFICATION

1. USE THE MIX ANALYSIS TOOLS WE 
HAVE TO DETERMINE WHERE AND 
WHEN POLYMER IS NEEDED

2. ACID MODIFICATION CAN FILL A 
NICHE WHEN SOME ADDITIONAL 
BINDER STIFFNESS IS NEEDED

2. ABOVE ALL ELSE COMMUNICATION 
BETWEEN AGENCY, SUPPLIER AND 
CONTRACTOR IS ESSENTIAL TO SUCCESS
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“Errors using inadequate 
data are much less than 
those using no data at 
all”—Charles Babbage

AND REMEMBER





