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ABSTRACT

This report presents review sunmaries of the state-of-the-art
regarding stripping in hot mix asphalt (HVA) mxtures. The review stresses
efforts concerned with nmethods devel opment, evaluation and presents a
critical review of select nethods including Lottman (NCHRP 246),
Tunnicliff-Root (NCHRP 274), | mmersion Conpression, 10-minute boil test,
and the Nevada dynam c strip nethod.

The results of the critical review of methods indicated the follow ng
ranking order: Lottman test, Tunnicliff-Root test, 10-Mnute Boil test,
| mersion Conpression, and Nevada Dynamic Strip test. The basis of the
anal ysis was a proposed success/failure pattern which was devel oped using

publ i shed data on stripping.

O her products of this research include: proposed relationship between
stripping theories and mechani sms, and an appended summary of findings from

surveys of the users of the stripping tests.



[ | NTRODUCTI ON

BACKGROUND

Stripping is a major distress occurring in hot mx asphalt (HWA)
pavements in the United States and in various parts of the world. Pavement
performance is adversely affected by stripping and unforeseen increases in
mai nt enance budgets are often incurred. The causes of stripping remain
obscure and predictability is relatively non-determnistic. Thus the need
to unfold an understanding of the mechanisns, and to devel op sinple but

reliable tests and judgenent criteria remains urgent.

OBJECTI VE
The objectives underlying the National Center for Asphalt Technol ogy
(NCAT) Research Project are to:
.Mnimze or elimnate stripping of asphalt cenents from aggregate
by making breakthroughs in the understanding of the mechanisns,
Devel op sinple laboratory test procedures to reliably neasure the
stripping potential before the fact, and
- Evaluate the need, function, and cost-effectiveﬁe;; of

antistripping additives.

These objectives shall be acconplished through a coordinated study plan.

SCOPE

This phase of the study presents the state-of-the-art of stripping
technol ogy, definition of mechanisnms, outline and discussion of test
met hods, test criteria, on-going studies, general discussion, future

studies, conclusions and recommendati ons.



RESEARCH PLAN
A research plan to acconplish the project objectives 1s outlined in
Table 1. Specific tasks undertaken so far and included in this report are:
Conpr ehensi ve Technol ogy Revi ew
« Literature review - General Concepts
« Define mechanisns
Stripping theories
Stripping Studies - Past
Contact Surveys of users of stripping nethods
.Revi ew Test Met hods
.Review Test Criteria
Identify Most Prom sing Test Methods
Stripping Studies - On-going
Commence Limted Fundamental Studies in Stripping - NCAT
.Devel op a Detection Method for Liquid Antistripping Agents In
asphalt cenent,
Explore application of Surface Energy Concepts im Stripping,
and ST
« Explore application of Selective Adsorption phenomenon in
stripping.
Limted Information on the initiated NCAT stripping studies shall be
presented in this report because the work is still in progress. Further
work shall be reported at a later date. The findings from contact surveys
are sumarized in Appendix A at the end of this report. Portions of the

contents in Appendix A shall be included in pertinent sections of this

report .



TARBLE 1. PROPOSED STRI PPI NG stupy PLAN
TASK DESCRIPTION PRODUCTS PRQJECTED TARGET

I M nimze stripping of asphalt-
aggregate mxtures by making
breakt hroughs in defining the Conpr ehensi ve Sept. 1988
mechani sns of stripping. Repor t
Identify and eval uate test Executive summary
met hodol ogi es: develop criteria report and ot her
for test methodol ogy and nethod interim reports
sel ection.

11 Devel op test nethodol ogy for Test met hodol ogy
measuring stripping potential
Eval uat e met hodol ogy: Test criteria and Sept. 1990
Define criteria for stripping Repor t
potential fromtest neasurenents:
Define nodifications to test
net hodol ogy.

111 Identify criteria for need: test Criteria,
met hod: function, and cost test nethod.
effectiveness of antistripping Verified methodol ogy Sept. 1991
additives: evaluate effects of Reports
antistripping additives using ASTM or AASHTO net hods
devel oped test nethodol ogy and standardi zation efforts
finalize test devel opnent.’ comence
1
IV Field Verification Mustments to test
met hodol ogy and criteria Vari abl e
plus report
NOTE : The plan in this Table is subject to variation depending on results of research. Sone efforts DOay be

acconpl i shed earlier than planned.




TABLE 2. VARLOUS DEFI NI TIONS oF STRIPPING IN Bl TUM NOUS M XTURES
SOURCE, REFERENCE DEFI NI TI ON [ covpLETENESS
J.C. Petersen Sem nar . Deterioration or 1loss of the adhesive bond partia
Auburn University between the asphalt and the aggregate from
Spring 1987 the action of water
T.W. Kennedy AAPT, Vol. 51 The physical separation of the asphalt partia
et al. 1982, or cement from the aggregate produced by the
CTR-3-9-79-253-1 loss of adhesion primarily due to the
1984 action of water or water vapor
D.E. Tunnicliff AAPT, Vol. 51, The displacenment of asphalt cenent filns partia
et al. 1982 from aggregate surfaces by water caused by
condi tions under which the aggregate
surface 1s nore easily wetted by water
than by asphalt
Asphalt Institute ES-10 (1987) The breaking of the adhesive bond between part fal
the aggregate surface and the asphalt
cement
Khosla et al. TRR 911 (1983) The loss of the bond between the asphalt partia

and
GCharaybeh, F.

and
Di ssertation 1987
Auburn University

bi nder and the minera
separation of asphalt
presence of water

aggregate due to
cenent coating in

Kiggundu et al.

NCAT 1987 '
Auburn University

The progressive functional deterioration

of a pavenment nmixture by |oss of the
adhesi ve bond between the asphalt cenent
and the aggregate surface and/or |o0ss of
the cohesive resistance within the asphalt
cement principally fromthe action of water

more conpl ete

AAPT
CIR
ES

Educat i ona

Series

Associ ation of Asphalt Paving Technol ogists
Center for Transportation Research

NCAT = Nationa
TRR = Transportati on Research Institute

Center for Asphalt Technol ogy




11, TECHNOLOGY REVI EW

CENERAL CONCEPTS

Stripping is a major distress occurring In HVA pavement mixtures in
the United States and in many parts of the world. Hubbard (1) states that
stripping effects have been observed since the advent of paving technol ogy
with bitumnous materials. Since this phenonenon was detected, nany
studies, nunerous technical papers, articles, and presentations have
resulted. The conplexity of the problemis evidenced by the fact that
these efforts continue through the present day in search of a definitive
qual itative and quantitative solution towards understanding and predicting
stripping potential of ®MA. Unfortunately, stripping continues to occur in
our pavements and about 23 percent (Appendix A) of the PHM regions have
recently reported (2) occurrence of stripping.

The persistent occurrence of the stripping distress in spite of the
nunerous studies, theories, evolved test methods, and devel opnent of
supposedl y stripping abating products inplies that the basic or fundanmental
causes are not well understood. This postulation is manifested by the
number of definitions which have been offered for the stripping distress,
some of which are sumarized in Table 2. Secondly, the conplexity is
mani fested by the nunerous hypothesized mechani sms, nanely detachnent,

di spl acenent, spontaneous emulsification, filmrupture, pore pressure, and
hydraulic scouring. These nechanisns are discussed later. Lastly, a
number of theories namely mechanical interlock: chemcal reaction:

mol ecul ar orientation or Interracial phenonenon have been postulated to
explain stripping. None of the theories is universally accepted and there
is no clear definition describing the domnant theory or whether they all

act in conmbination. In summary, Majidzadeh (3) states that stripping due
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T.W. Kennedy AAPT, Vol. 51 The physical separation of the asphalt parti al
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the aggregate surface and the asphalt
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Auburn University
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separation’ of asphalt cement coating in
presence Of water
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adhesi ve bond between the asphalt cement
and the aggregate surface and/or |oss of
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NCAT = National Center for Asphalt Technol ogy

TRR = Transportation Research Institute




to adhesion failure is an economc loss to society and an engineering
design failure of an otherwi se sound pavement mxture. Pavenent failures
attributed to stripping are probably not a result of a single quantifiable
factor. In spite of these variations in definitions, water is the only

wi dely claimed (4,5,6) cause for stripping. This is a very sinmplistic
assertion since there are many variables such as design, materia
selections, and conpatibility considerations which can be considered in
explaining the propensity of water action to cause stripping of pavenent

m xtures. Fromm (6) states, ‘The major problemis to understand how the
water penetrates the asphalt film |If it can be retarded, a considerable
i mprovement would result. The devel opment of a good adhesion pronoting
agent to retard the detachnment of the films by water, would al so be an
inmprovement. “ Unfortunately, the results of a recent FHWA Ad Hoc Task
Force Study (2) revealed the continued occurrence of stripping in various
parts of the United States and that renewed efforts are warranted to arrest
the causes using available and/or new technol ogy. Mendenhall et al. (2)
reported results of a survey showi ng 23 percent of FHWA regional offices
indicated that pavement mxtures in their regions experfeﬁzed moderate to
extensive stripping. The regions reporting the nost were |ocated in the

sout heastern, southern, mountain, and northwestern parts of the United

St at es.

STRI PPI NG MECHANI SM5

Numer ous mechani sns have been proposed for stripping including

detachment, displacenment, spontaneous emulsification, filmrupture, pore

pressure, and hydraulic scouring. These nechanisms are not well

understood and there is lack of agreenent regarding the relative



di splace asphalt fromthe aggregate surface because of the interracia
energy effect. This interracial energy effect shall be presented later in
a section discussing proposed theories governing the stripping phenomenon.
Goodrich (10) in a personal discussion reported evidence fromlimted
studi es which were conducted at Chevron Research Conpany indicating that
asphalt films are not inpervious. Therefore penetration of the asphalt
filmby water would permit moisture to get to the asphalt-aggregate
interface and provide opportunity for a displacenent mechanismto becone
active.

Spont aneous Enul sification

Spont aneous enul sification occurs (5)when an inverted emulsion of
water droplets in asphalt cement forms rather than the converse.
Investigators have noted that this process can be exacerbated under traffic
on mxtures laden with free water. Fronm (6) conducted experiments to
demonstrate the formation of an enulsion in which he observed that once the
enul sion formation penetrated to the substrate, the adhesive bond was
broken.  Fromm and many investigators have observed the formation of a
browni sh col or on the surface of asphalt films (approxiﬁétzly 1/8 inch) in
severely stripped mxtures as well as on asphalt filns submerged in water.
Kiggundu (11) conducted linmted experinents by placing filns of virgin AC5
and AC-10 asphalts in bottons of beakers, subnerging themin distilled
water, and placing themon a window sill for observation. Wthin one week
the AC-5 started l[osing the glossy appearance on the top surface while the
AC-10 took slightly longer time to tan. They both assuned a vividly
browni sh color after a nunber of weeks of soaking, however, they regained
the glossy color after decanting the supernatant and allow ng the surface

to dry. The presence of some antistripping products and hydrophilic



calcareous mnerals and sone baghouse fines are reported (5,12) to be
materials that enhance the probability of formation of inverted asphalt
emul si ons.

In summary, the observations by Fromm and other investigators suggest

that stripping by enulsion formation may be an inportant nechanism

Film Rupture

Filmrupture is reported (5,6) to initiate stripping when film
fissures occur at sharp aggregate contact, or points due to dust
particles on the aggregate surface. The rupture may occur due to
construction |oads, operating traffic during service conditions, or could
be environnental |y induced by freeze-thaw cycling. Once a break in the
filmoccurs, moisture has access to the interface. Thelen (13) reports
that presence of dust orother surface coatings on the aggregate can
enhance the formation of blisters and pits. These forms of film defects
may |ead torupturing of the filmand hence easy access to the interface by
wat er.

Pore Pressure

This mechani sm precipitates fromthe presence of wate? in the pore
structure of the HAMA [ocations where segregation is prevalent at |ayer
boundari es when heavy traffic loadings occur and during freeze-thaw
cycling. Due to pore pressure pavenent |ayers are known to strip at the
interfaces, pavement |ayers have been observed (contact survey findings)
disintegrate usually from bottom upward, and in a few instances
disintegration within a layer in both directions. [In a mjority of cases,
the binder layers disintegrate first followed by surface layers. The pore

pressure nechani sm was postul ated by Lottman (14).



Hydraul i ¢ Scouring

Hydraulic scouring is caused by the occurrence of a capillary tension/
conpressi on phenonenon (5) around a noving heavy traffic wheel on a
saturated HVA structure. The asphalt is stripped off the aggregate
producing defects such as surface ravening. In addition, dust is reported
(5 to mx with rain water and, in the presence of traffic, can enhance the
abrasion of asphalt films fromthe aggregate.

Q her mechani sm docunented in literature include osmosis (6) and
pul | -back (6). Osnosis is described occurring due to presence of salts or
salt solutions in the aggregate pores and hence creating an osnotic
pressure gradient that sucks water through the asphalt film  Sone
researchers dispute this mechanismlike Thelen (13) saying the process is
too slow. Many others support the validity of the mechanisns, for exanple
Mark (15). Factorsthat affect the occurrence of this nechani sminclude:

1. Some asphalts are caustic treated in their manufacture:

2. Some aggregates compositionally possess ions of salt in the

surface:

3. Inconplete druing of aggregates during m x preﬁarétion; and

4. Possibility that asphalt films are perneable, suggest that the

hypot hesis of an osnmosis mechani sm nmay be worth consideration.

The pul | -back mechanismis evidenced by observations nade by many
investigators that asphalt mixtures are self-healing or forgiving
materials. Fromm (6) reports that field stripped mxtures seemto
self-heal after laboratory storage. This phenonmenon has been observed by
Kennedy et al. (16), Parker et al. (17), and Yoon (18) in running the
boiling water test on |oose mxtures. On conpletion of the boiling phase

m xtures which are drained while hot tend to recover additional asphalt



coating as conpared to mxtures which are cool ed under water and drained

after cooling.

ADDI TI ONAL MECHANI SMS

Many investigators have recognized the conplexity of the stripping
phenomenon. Defining the mechanisns and causes remains a difficult task.
Through NCAT research, discussions with a nunber of investigators, and
contact surveys, stripping mechani sms may be considered asphalt-aggregate
specific, environnental or climtic specific, load condition specific and
possi bly other conmbinations of variables. On the basis of |inited NCAT
study data, and literature reviews, the following are suggested additiona
mechani sms:

1. pH Instability nmechanism - Adherence of asphalt to the aggregate
is strongly influence by the pR of the contact water as has been
demonstrated by Kennedy et al. (19), Scott (8), Yoon (18) and ot hers.
Kennedy et al. investigated the effects of varying sources of water (tap,
distilled, etc.) on the retained coating by a boil test and showed t hat
significant differences In test results occurred as a resudt of differences
in the source of water. Fehsenfeld et al. (12) observed that the pH of
contact water can cause the value of the contact angle to shift thereby
affecting the wetting characteristics of the interface region. Scott (8)
investigated the pR effects by studying the interracial tension at the
asphal t/water interface and showed that values of Interracial tension
bet ween asphalt films and glass at 100% (212°%) peaked at intermediate pH
values, up to 9, but dropped as the pH increased. Scott’s tests were run
with water having a pH of up to 14 and inte-“acial tension val ues were
| onest at these high pR values. Yoon used a boil test to evaluate the

effects of varying the pi of water on the retained coating. Yoon initially



measured the pH tests of the contact water produced by boiling six
different aggregates in distilled water. Simlar tests were conducted by
Scott using a variety of aggregates. The results conclusively indicated
that the pR of contact water increased with duraton of contact and tended
to be aggregate specific. The pH values were observed to stabilize after 5
to 10 mnutes of boiling. Yoon then conducted boil tests using

asphal t-aggregate mxtures with water of varying PH.  The results indicated
that coating retention decreased as the pH increased. These results
strongly suggest that stabilization of the pH sensitivity atthe asphalt-
aggregate interface would mnimze the potential for bond breakage, provide
strong durabl e bonds and hence reduce stripping. Thus, this proposed
mechani smis under continued investigaiton In order to inprove its
definition, inplication to aggregate surface properties, and HVA

per f or mance.

2. In concurrence with findings fromthe contact surveys, there is a
need to define nmechanisns inclusive of effects of environment or climate
and specificity to the asphalt-aggregate and/or additive material systems.
Many studies have showed that changing one conponent of “the aggregate
system can inprove or worsen the stripping propensity of a mxture.

Dunning (20) reports that stripping of HVA can be affected by the

i ndividual sensitivity of asphalt and/or aggregate to moisure.

Hydrophilic aggregates, Dunning and others argue, prefer being wetted by
water than by an oil. In this case, the asphalt appears to bead up in the
sane nanner as water beads up in a greased pan. Dunning states that this
type of stripping may be alleviated by using an additive which inproves the
wetting potential of the asphalt for the aggregate surface. \Water

sensitive asphalts are also discussed by Dunning by reporting that use of



caustic treating of crudes in sone refining processes leads to asphalts
laden with sodium naphthenates. These naphthenates are believed to work
as waster-in-asphalt enulsifiers and their presence nmay be suspect if the
asphalt turns brown after say 24-hour water soak of an asphalt-aggregate
mxture. Phillips and Marek (21) argue that stripping nechanisms in
asphal t-aggregate mxtures nmade with granites and gravels can be
characterized by a near total |oss of adhesion while carbonaceous m xtures
can sustain coherent adhesion but weakened cohesion in the bul k phase of
the asphalt. Thus, material selections should be nade to optinze
conpatibility or procedures should be developed to facilitate choosing
materials (asphalts, aggregates, and/or additives) on the basis of

conpati bl e behavior.

STRI PPI NG THECORI ES

Numerous theories have been hypothesized toexplain the water-
resi stance of bitumen-coated aggregate. Rice (4) classifies these theories
as mechani cal interlocking, chenical reaction, and nolecular orientation or
surface energy theory each of which is discussed below . «

Mechani cal I nterlocking

Thelen (13), Rice (4) and other researchers postulate that surface
texture of the aggregate is the main factor affecting adhesion. Mchanica
interlocking assunes the absence of chemical interaction between asphalt
and aggregate. The bond strength is assumed to be derived fromthe
cohesion in the binder and interlocking properties of the aggregate
particles which include individual crystal faces, aggregate porosity,
absorption, surface coating, and angularity. The absence of a sound
interlocking network of the above properties is assuned to render the

systemto the adverse effects of water



Chem cal Reaction

The postulation of this theory arises due to the presence of acidic
and basic conponents In each asphalt-aggregate system The postulate is
that these conponents react formng water-insoluble compounds. The theory
suggests (4) the possibility of selective chemcal. reaction between the
aggregate and asphalt species. Recent investigaitons by Jeon et al. (22)
and others have alluded to the possibility of the occurrence of a
chemisorption mechani sm bet ween some asphalt functionalities and aggregate
surfaces. This result was observed from selective adsorption-desorptlon
studi es between nodel asphalt functionalities and nodel silica aggregate
surface. Jeon et al. applied a Langmuir (23) nodel to quantify
chemi sorption and | ow coverage physisorption in his study and showed t hat
the strength of adsorptive forces, anount of asphalt adsorbed per unit
wei ght of the adsorbent, and nonol ayer coverage of adsorbate can be
quantified. Thelen (13)had earlier proposed that formation of a
chemisorption type bond may be necessary in order to minimze the stripping
potential in asphalt-aggregate mxtures. Thelen did not verify this
proposition. T

Mol ecul ar Orientation or Surface Energy

This theory depicts structuring of asphalt nolecules at the
asphal t-aggregate interface. This theory assunes (1,4,24) that adhesion
between asphalt and aggregate is facilitated by a surface energy reduction
on the aggregate as the asphalt is adsorbed on to the surface.

Yoon (18), Tarrer (9) and other investigators observed that aggregates
which inparted a relatively high pH value to contact water and/or which had
a relatively high zeta potential had a high propensity to strip. Scott (8)

fromreviewing his work and works of other investigators states, "It is



reasonabl e to assume that if water penetrates the asphalt filmto the
m neral surface under conditions whewre microdroplets are forned bel ow an
asphalt layer, the pH reached may be sufficient to ionize and dissociate
adsorbed asphalt nolecules in a nunber of cases.”™ Thelen (13) on the other
hand argues t hat reducing the surface energy of the aggregate is not a
sufficient condition to abate the stripping potential in asphalt-aggregate
m xtures. However, Thelen does not substantiate his argument.

The three theories discussed above probably act in conbination or one
dom nates another for each asphalt-aggregate system Thus, nore work is
necessary to discrimnate the contributions described by the three

t heori es.

COMBI NI NG THEORI ES AND MECHANI SMS | N STRI PPI NG
In the existing technical literature little attention has been paid to
the relationship between theories and mechani sns that have been postul ated

to explain stripping. Thus an attenpt is made in this report to propose an
initial set of relationships between theories and nechanisms. Only prinary
and secondary contribution relationships are suggested inJable 3. The
proposed rel ationships represent only a first attenpt and may need

adj ustnents in the sense that possibilities of role reversals are entirely
likely and other factors may come into play during the time that a

mechani sm renmai ns active.

The primary reasons that these relationships are proposed are that
relations may help with devel oping which theory-mechani sm relationship

woul d be
best dealt with by inprovenents in mx design
best served in material selection techniques using conventiona

tests/properties, and



best understood by enploying special tests/properties, for
instance, conpatibility properties/tests/considerations.

An attenpt to conpletely explain each element in Table 3 has been
attenpted at the time of this report. However, two stripping mechanisms
are described as exanples. The first nmechanismis detachment which is
believed to be explained by physical and chenical aspects of the
interracial energy theory as well as the physical aspects of the mechanica
interlock theory. The physical rationale is manifested solely by surface
energy considerations whereas the chemcal rationale is contributed by the
effect of polarity of the molecules present at the common boundary. The
physi cal aspects of the mechanical interlock theory may be due detachnent
resulting from presence of a thin layer of dust or other foreign matter
whi ch prevents bonding between the asphalt and the aggregate. It is also
highly likely that the detachnment mechani sm may precede the displacenent
mechani sm  However the di splacement mechanismis |ikely to be rationalized
by both the interracial and chem cal reaciton theories.

The last nmechanism"pB instability'” is nore likely to be explained by
chenmical aspects of the chenical reaction theory and by—tﬁ; physical-
chenmical aspects of the interracial energy theory. These argunments concur
with the previous assunption that In absence of a clear cut distinction
between the contributions of either theory, two or perhaps three theories
may as well be acting concurrently at some stage of stripping. A distinct
solution remains distant and expectations are directed at potentia

br eakt hroughs through the SHRP research efforts.



TABLE 3. SHOAN NG PROPOSED THEORY- MECHANI SM RELATI ONSHI PS | N HVA STRI PPl NG
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’FO"U
0O
nan

s=wn
1




[11.  STRIPPING STUDI ES
There are numerous studies which have been conducted to eval uate

various aspects of the stripping problem These studies are categorized
based on the neasures of stripping presented in the study and are:

Fundanental studies in stripping,

Qualitative studies in stripping,

Quantitative or engineering based studies in stripping including a

11st of current studies.

Fundanental Studies in Stripping

These studies have predom nantly been directed at understanding the
interface phenonenon. They are studies whose information cannot be easily
used in design but contibute to inproved understanding of the stripping
phenomenon. Petersen et al. (25) have spearheaded the majority of the
efforts specifically marked as “asphalt-aggregate interaction as it relates
to pavenent moisture-damage.”™ Petersen et al. consider pavement
moi st ure-damage to be related to the rupture of the adhesive bond at the
asphal t-aggregate interface in contrast to stripping which was defined in
Sections | and Il. Thus moisture-induced damage can be-céasidered a subset
of stripping where the latter is the termnal manifestation of the effects
of water to a pavenent mxture. In the noisture-induced pavenment danmaged
condition, both physical and chemcal properties of the constituent mxture
materials are presunmed inportant.

Petersen et al. (25) efforts were directed at determning the
physi ochem cal properties at the asphalt-aggregate interface. In these
studies qualitative and quantitative determnations of the types of

functionalities at the interface (26,27), relative adsorption/desorption

(28-30) of these functionalities were undertaken. The follow ng asphalt



functionalities have been quantitatively and qualitatively identified:
ketones, carboxylic aci ds, anhydrides, 2 quinolone and others. The results
i ndi cated that carboxylic acids are nost selectively adsorbed on the
aggregate surfaces. Conversely, carboxylic acids are nost easily stripped
of f aggregate surfaces by the action of water.

In addition, asphalt-aggregate mxtures involving a nunmber asphalt-
aggregate systems were selectively desorbed of the asphalt coating by using
staged solvent wash with intermttent water saturation freeze-thaw. The
freeze-thaw stage was intended to displace strongly adsorbed water
sensitive conponents off the aggregate surface. The intermttent freeze-
t haw stages were followed by final refluxing using pyridine. Each fraction
was recovered and anal yzed for the distribution of functionalities. The
nunmerical results of the functionalities in the final pyridine wash were
di vided by corresponding data fromthe so called ‘loosely” held asphalt
fractions to establish relative distributions of the functionalities in the
various fractions called “"Ratios.”

Within ei ght asphal t-aggregate systems, the carboxylic acid
functionality had ratios ranging from 12 to 68 percent; .ana anhydride from
4 to 32 percent: 2-quinolone types from3 to 10: and the rest of the
compounds followed this descending order. These results suggest in
concurrence with the authors observation that carboxylic aci ds and
anhydrides have the greatest affinity for aggregate surfaces.

Addi tional fundanental studies include disbanding studies by Scott (8)
discussed in Section 11, bond energy neasurenent by Ensley et al. (31-32)
and nitrogen adsorption studies by Plancher (33). Ensley et al. measured

heat released frominteracting asphalt and aggregate by microcalorimetry.

Results from these studies suggest that stripping potential could be



related to bond strength measurenents. Plancher et al. interacted nitrogen
conpounds with various aggregate surfaces using a range of tenperatures.

Their results suggest that aggregates which strongly interact with nitrogen

compounds may have |ess stripping potential. Mre work in these

fundanental areas needs to he uncover ed.

Qual itative Studies in Stripping

Nurer ous studies have involved devel opnent of indicator tests for
stripping. These efforts have produced tests which use sem -subjective and
subj ective assessnents to infer the stripping potential. Tests devel oped
from these studies include the ASTM D 336251 -minute boil test (to be
discussed later), the Texas Freeze-Thaw Pedestal test (35), Gagle procedure
(36), the Quick Bottle test (37), the Rolling Bottle Method (38), and many
ot hers.

The 1-minute boil test is a field oriented test in which a mxture
(plant or other) is boiled for |-mnute and visually observed for coating
retention. It is considered that 95 percent and higher retained coating
indicates a “'passing” mxture whereas below 95 percent denotes "failure".
The test is considered unfavorable because of the subjeéiiVity of the
rating pattern and rarity of users. Efforts are underway (1988) in ASTM
D04.22 to revise this test.

The WST procedure neasures the nunber of freeze-thaw cycles an
asphal t-aggregate briquette of specified dinensions takes to devel op
cracks. This test is conducted on reground one-size stone and therefore
consi dered by numerous practical oriented investigators to be
unrepresentative of actual conditions. The Texas Freeze-Thaw Pedestal Test

is an outgrowh of the wWST procedure with nodifications introduced to nake

it more acceptable to engineering applications. However, findings from



contact surveys (Appendix k) and literature reviews indicate that this test
has worked well on some materials and not so well on others as a predictor
of stripping potential.

The Gagle procedure was devel oped to test the finer portion of the
gradi ng for adhesion potential with asphalts. The amount of tanning an
asphal t-aggregate mixture or pellet undergoes after 24 hour imersion in
distilled water is reported to be indicative of the adhesion potential of
the mxture. It has been a localized test and there is no evidence of
continued use of this test in the literature.

The Quick Bottle Test is used to judge coating ability of an
asphal t-additive blend on Gttawa sand. The mixture 4is vigorously shaken
under water after which the supernatant is drained and the sand-bi nder
mxture enptied on a paper towel for coating observation. The results are
usual ly reported as pass or fail. The use of this test has been conducted
by a nunmber of state departments of transportation.

Rolling Bottle Method - This test was recently reported from Sweden or
Nordic region as a predictor for percent coating. A single coated
aggregate is dropped in a half-filled bottle of distilléd.Qater till the
required sanmple size is obtained. The distilled water is naintained at
41°F (5%) tn order to inhibit aggl oneration potential of the coated
aggregates. Bottles containing the sanple are placed in a rolling nmachine
which turns at 40 rpm if the asphalt mixture is additive free, otherw se 60
rom  This test runs for three days with two independent eval uations of the
coating recommended at 5, 24, 48, and 72 hours after start of the test.

These evaluations are used to determine the mean degree of coverage as the

test statistic.



O her tests discussed by Taylor et al. (7) include dye adsorption
mechani cal integration nethod, Radioactive |sotope Tracer Technique,
Tracer-Salt with Flame Photoneter Analysis, Light-Reflection Method, a
Chenmical Imersion test by Reidel and weber, Abrasion Displacenent, Briquet
Soaking, swell, peeling, detachment, and stripping coefficient
nmeasurement.  The general relative use of these methods is fairly low, and
thus a detailed discussion is not included in this report.

Quantitative or Engineering Based Studies in Stripping

This group of studies constitutes the bulk of efforts directed at
devel oping tests for making quantitative predictions, developing criteria
for assessing failure, and applying or interpreting |aboratory test results
to predict field performance. Each of these areas shall be considered in
more detail in the subsequent discussions.

Stripping Tests - Table 4 lists tests which have been devel oped to
predict the stripping phenomenon-quantitatively as per literature reviews
and contact surveys (Appendix A). In addition to the methods listed in
Table 3 is a class of tests used to neasure paraneters |ike percent weight
loss through an abrasive operation. The results fron1tﬁese tests are used
as indicators for stripping potential. These tests include:

. Dynami c Strip Test (Nevada)
+  Cold Water Abrasion Test (M nnesota)
Moi sture Vapor Susceptibility Test (California), and
Surface Abrasion Test (California).
Each test is briefly discussed bel ow.
1. Tmersion Conpression Test - This test is reported (39) to have
been standardi zed around 1945 by the Bureau of Public Roads. The nethod is

currently designated ASTM n 1075 or AASHTO T 165



TABLE 4.  NUANTITATIVE STRI PPI NG TESTS

ASTM AASHTQ Ct her Rel ative Use' Desi gnated Preci si on*
Met hod Status I ndi cation ASTM MSHTQ O her
| mrer si on Conpression Test D 1075, T 165 Hi gh 50% (ASTM/AASHTO)
Indirect Tensile Test None Many versions in use Not
Lott man version T 283-85 (parts) Medi um 21.4-26% (Ref. 11)°
Tunnicliff/Root version |T 283-85 (parts), ASTM Mediumto High 23.0% (Ref. 12)”
Efforts conplete Jun 1988
Marshal | I mmrersion Test No standard but Very Low Local i zed precision
Wet Evacuation ASTM draft prepared
Dry Evacuation
Resilient Modul us Test None but use Low to Medium Not established
ASTM D 4123
Doubl e Punch Met hod None-under trial in Very | ow Not document ed
Arizona
1 - Use in specification and/or research 3 - Based on coefficient of variation using data from
2 - Reproducibility on test parameter (nulti-Iaboratory) two |aboratories

4-Reproducibility based on nulti-laboratory effort



Test specinens which are 4x4 inch are prepared using the procedure
ASTM 1074. These specinmens are divided Into two sets which include a set
to be tested dry (control) and another set to be tested after water
treatment (wet set). Testing for conpressive strength is usually done at
77°F (25%) at deformation rates ranging from0.2 to 2.0 inch per mnute.
The mean conpressive strength of the wet set is divided by the mean
conpressive strength of the dry set resulting in a strength ratio expressed
as percent. The mninum value of the strength ratio above which stripping
may not occur is 75 percent. Fromthe survey made in this study, this test
has a high usage but score low In providing accurate predictions.

2. Lottman Test - This test is often referred to as National
Cooperative H ghway Research Program (NCARP) 246. The test was devel oped
(42-44) to evaluate the stripping potential of bitum nous m xtures.

Eval uations using the Lottman Test involve 4x2.5 inch Marshall, 4x2 inch
Hveem and specimens of conparable sizes prepared by other conpaction

met hods including gyratory nethods. The tensile strength of test specinen
sets are evaluated both dry and after moisure conditioning. The noisture
condi tioned set is subjected toa freeze-thaw cycle (I oné term effect) or
just the warm (140°F or 60°c) cycle (short-termeffect) prior to testing
for the tensile strength. Testing for strength is conducted at 55 %
(12.8%) at a deformation rate of 0.065 in per mnute. The test result is
the average wet strenth divided by the average dry strength yielding a
tensile strength ratio (TSR). The m ninum TSR suggested by Lottman is 70
percent. Results formthe contact surveys (Appendix A) indicated

i ncreasing appeal for use of this test because other tests were not
adequately discrimnating between asphalt-aggregate m xture systermns.

However, nodifications involving test tenperature (from 55 to 77°%) and



| oading rate (from 0.065 in/rein to2 in/min) were the preferred direction
of agencies considering use of this procedure.
3. Tunnicliff/Root Test - This test was devel oped (45-46) by

modi fying conditions of test in the Lottman test as foll ows:

Load rate (2 in/rein) conpared to 0.065 in/rein

.Test tenperature 77°F (25°C) conpared to 55°F (12.8%)
Presaturation of 55 to 80 percent conpared to an unlinited
level in the Lottman test
.Absence of a freeze ecycle
Results fromthe contact surveys indicated a general preference for this
test as conpared to the Lottman because the test can be perforned faster
However, some contacts indicated that the test lacks the severity of the
Lottman conditioning and allowed a number of stripping asphalt-aggregate
systems to pass as non-strippers. In fact sone contacts indicated that
further requirenment for a freeze-cycle may be necessary for inproved
overall utility of the test. The test results and mninumindes (TSR) are
expressed as those in the Lottman test. This test is currently under
consideration for standardization by ASTM -7
4, Marshall Inmersion Test - This test evaluates Marshall specinens

by using the dry or wet evacuation procedures. Stuart (47) reports that
the dry evacuation procedure involves application of a vacuum head to the
dry specinmens for say one hour prior to introduction of water. Whereas,
the wet evacuation procedure involves application of a vacuum head to
speci nens which are already submerged in water. These two conditioning
procedures produce the wet sets of test speicnens. Testing is usually done
at 140°F (60°¢) using a deformation rate of 2 inch per minute for both the

dry and wet sets. The ratio between dry and wet stabilities is expressed



as percent retained stability and the mninum val ue above which stripping
1s supposedly unlikely to occur is 75 percent.

5. Resilient Mddulus - Schmdt et al. (48) reported early application
of resilient modulus property to HVA mxtures. Conpacted speci nens of
variable size are tested along the diametral. plane by using a pulsating
stress wave while deformations are being recorded along the ends by
linear-variable differential transducers (LVDTs). Both noisture
conditioned and dry sets are evaluated and the mean modulus is divided by
the nmean dry nodul us ylelding a resilient modulus ratio. The mininumratio
suggested is 70 percent.

6. The Doubl e Punch Method - Conpacted asphalt-aggregate m xtures of
variable sizes are tested through steel rods placed at either end of the
specinen in a punching configuration reported by Jinmenez (49). Tensile
strength is conputed fromthe peak load values. A strength ratio is
determ ned between the wet and dry strengths as the test statistic.

Jinenez denonstrated the severity of this test by conparing predictions on
simlar mxtures using the imersion conpression test. The double punch
method was reported to produce |ower retained strength fatTos and hence
considered to be nore severe than the imrersion conpression test.

In addition, Jimenez (49) devel oped a stressing procedure sinulating
traffic loading effects. The procedure involves repeated application of
pore water pressure in the range of 5 to 30 psi (34.5 x 10° to 206.9 x10°
N/m?) at the rate of 580 times/ninute on pre-vacuum sat urated speci nens.
This pore pressure is applied through a rubber |ine annulus assenbly whicvh
is not in contact with the test specinmens. The conditioned speci mens are
tested in the double punch set up discussed earlier at 77°F (25%) appl yi ng

a head speed of 1.0 in/rein (41.5x10 ¢ ms).



The subsequent discussion presents the “special class” of tests
mentioned earlier by which the HMA stripping potentials are inferred from
changes in weight of the test specinens determ ned through an abrasive
operation. These are:

Dynamic Strip Method - This test is used predom nantly by the
Nevada DOT. Hveem Speci nens are soaked in a 140% (60%) water bath for
six days, rapidly cooled to 41°F (5%) by packing with ice, and tunbled
through 1000 revolutions at 33 rpm The conditioning and tunbling
processes subjected to the specinens produce a durability index expressed
by the anount of weight |oss in percent. The naximum value of this index
is 25 percent above which severe stripping is considered |ikely to occur.

.Cold Water Abrasion Test - This test is used by Mnnesota DOT
for evaluating 2x2 inch conpacted briquettes for noisture damage
susceptibility. A set of six briquettes is first conditioned in 140 %
(60°C) oven for 24 hours. The set is then imersed In a 120% (48.9°C)
water bath for six days, cooled to roomtenperature followed by further
cooling at 33°F (0.8%) for one hour. Then the set is abraded in a
tunbling machine at 33°F for 1000 revolutions in 34.5 n{nﬁies. The test
statistics is the anount of abrasion |oss expressed as a percent of the
original weight of the set of briquettes and whose maxi num val ue is 25
percent .

- California Misture Vapor Susceptibility Test - This test
measures the effects of moisture (vapor forn) to the Hveem stabilities of
4x2 inch conpacted mixtures. The vapor formnmmcs water mgration into
pavement mxtures fromwet subgrades.

The test assenbly is placed in 140°F(6OOC) oven for 75 hours after

which the specinens are tested for stabilometer val ues. Nunerica



stabilometer val ues are the test statistic conpared to a strength ratio
between wet and dry sets as with nost conventional quantitative test
procedur es.
« Surface Abrasion Test - 4x2 inch Hveem speci nens are abraded
using rubber balls or steel balls at 1200 cycles per mnute for 15
mnutes. The rubber balls version test is conducted at 100°F (37.8°C)
vwhile the steel balls version is conducted at 40°F (4.4%). The test
statistic is expressed as amount of weight loss in grans.
O her tests which deserve additional discussion Include:

Texas Freeze-Thaw Pedestal Test - This test was di scussed
earlier in works by T. W Kennedy et al. (S0-S1). Briquettes nade out of a
uni forny-sized aggregate (passing No. 20 and retained on No. 35) and
asphalt (2 percent higher than the job mx fornula) are subjected to
freeze-thaw conditioning until cracking is initiated. The nunber of
freeze-thaw cycles is the test statistic used to judge the stripping
susceptibility of each asphalt-aggregate mxture, and

The 10-M nute Boil Test - The Boil Test has been around for a
long tinme. An asphalt-aggregate mxture, usually singlé éTze (passing the
3/8 inch and retained on No. 4 sieves), is placed in boiling water. The
whol e systemis kept boiling for 10 minutes. The supernatant liquid is
either poured off hot or after the systemcools to ambient conditions. The
dried mixture is then visually inspected for percent retained coating. A
rating board was devel oped by Kennedy et al. (16) to minimze the
subjectivity of the rating procedure used in the boil test. The useful ness
of the rating board has been denonstrated in recent studies by Parker et
al. (17,52), Tarrer (9), and Yoon (18). The boil test has been used on

while mxtures both in laboratory and field environments. Test standards



which apply to laboratory and field whole mixtures exist in some DOTS |ike
Virginia (53), Ceorgia (54), Mryland (55,56), and Louisiana (57).
Research results determned on whole mixtures have been reported by Kennedy
et al. (16), Bushing et al. (57, 58), Parker et al. (59), Gharaybeh (60),
and other researchers. The findings from the contact surveys (Appendix A)
and an earlier survey by ASTM D04.22 reveal ed that nore than 15 state DOTS
have and use the 10-minute boil test in both l|aboratory and field
eval uations. There are currently (1988) efforts by ASTM Subconmittee
D04.22 to develop a standard for this 10-minute boil test.
Finally, there are nunerous mscellaneous tests whieh include Tayl or

et al.'s (7) listing as:

Static Imersion (ASTM D1664)

Lee

Hol mes Water Displ acement

Oberbach

German U 37

Dynami ¢ | mrersion Tests of N cholson

Dow or Tyler Wash

Soni ¢ Test (non-destructive)

English Trafficking, and

Test Tracks

Due to limted use and inadequate reference information concerning

these tests, no further discussion is given in this report.

Most Frequently Used Tests.

From the above discussions of various tests, findings fromthe contact
surveys (Appendix A), the follow ng tests have enmerged being the nost

frequently used:



« Indirect Tensile Test including
Tunnicliff-Root Or NCHRP 274 test
Lottman test
| mersion Conpression Test - ASTM D1075, and
10-M nute Boil Test
The above test nethods and others are the subject of critical reviewin
Section 1v.

Measures Undertaken to Reduce Stripping

Nunmerous investigative actions have been undertaken in |aboratories
and field to reduce the stripping potential in HVA mistures. The
I nvestigative actions have invol ved use of antistripping (AS) agents and/or
additives. The additives tried in mxtures are reported (61-64) in the
fol l owi ng groups:
. Cationic surfactants
I ron Naphthenate
Hydrated Line
Organo Silane
Portland Cenent, and
« Oher products.
The overall hypothesis in using either additive is to convert a hydrophilic
(water loving) aggregate surface to a hydrophobic (water hating)
condition. Numerous questions remain unanswered regarding t he benefici al
attributes derived from using additives. Sone of the questions are |isted
in Appendix A and a few are |isted bel ow
How does onedeterm ne that an additive is really needed?

How does an additive really work?



« Wat is the nost effective method of application of the additive?
« \What generic properties should an additive possess to be effective
or to influence its selection?
How i s effectiveness neasured?
Wiat test can be used to detect their presence?
How does an additive contribute to performance?

Tunnicliff et al. (45,46) presented survey findings regarding the use
of AS agents in bitumnous mxtures. The results of the survey indicated
the following as factors that contribute to stripping:

vari ous aggregate types

asphalt cement grade and source

numer ous aspects of m xture design

aspects of construction, and

climte.
In addition to the above list of variables Tunnicliff found that: there was
over 100 AS agents being marketed, and there was a very large nunber of
testing procedures including nunerous nodifications to these procedures

A nore specific listing of causative factors for s{rpring was
reported in a Canadian publication (61) including

M neral nature of chemcal conposition of aggregates

Exposure history of aggregates (e.g. freshly crushed versus sday
two nonths weathering after crushing)

Oiginal properties of asphalt (physical and chem cal)

Modi fications in asphalt during storage and handling
Interactions between individual aggregates, asphalts, and
additives (if included)

Water content in the m xes



« Curing variables (e.g. time, tenperature)

Nature of water to which mx is exposed (salt content, pH

Asphalt content, and

Special field variables (e.g. climte, construction quality, etc).
None of the factors listed in this section singly controls the stripping
condition manifest in bitumnous mxtures. Remedial actions involving use
of any oen group of additives is |ooked at as a bl anket insurance.
Research done by Kennedy (64), Petersen (65), Petersen et al. (66), Collins
(67) and other researchers suggests that the most effective AS agent is
hydrated lime. Flowever, a nost effective nethod of adding line is stil
under investigation. In recent investigations by Tunnicliffetal.
(68-69), various linme addition techniques were the subject of study.
Prelimnary results from laboratory and one-year old field mxtures
reveal ed no significant differences in the stripping resistance of mxtures
laid using various lime addition procedures.

O her types of AS agents have been investigated in |aboratories and/or

field situations as contained in various research reports
(46-47,71,76,83). The reports do not |ist consistent pér{brnance
i nprovements fromthe use of these products. The possible causes of the
i nconsi stencies may be associated with the methods of adding these liquid
AS agents to the liquid asphalt. These nmethods include

in-line blending in liquid asphalt stream at the hot mx plant

site, and

blending at the refinery
The other possible causes may be the absences of clearly defined material
properties and tests for the liquid AS agents. Thus , the adequacy of these

additive mxing nethods, absence of clear material properties, and absence



of well defined contribution to performance remain puzzles to asphalt
technol ogi st s.

In summary, long term effectiveness derivable fromuse of AS agents
remai ns unknown. However, the follow ng constitute suggested (64,68,etc.)
met hods for inproving overall noisture susceptibility characteristics of
bi tum nous m xtures:

Achi eve adequate conpaction during construction
Elimnate the use of noisture-susceptible aggregates and asphalts
Provi de adequate drainage (both surfacial and subsurface), and
Treat the noisture susceptible aggregates and asphalts
The current authors propose the follow ng additional factors to the above
list :
Devel op and understand the controlling mechani sns and then devel op
the appropriate test(s) to assess the identified mechanisnms),

+ Use test methods by which undesirable nmaterials can be screened

out in advance of the fact, and

« Optimze materials selections for compatibility.

Current Studies in Strioping

Table 5 1lists projects which are underway or planned inthe area of
stripping in bitumnous mxtures in various parts of the United States.
The information identifying these projects was mainly obtained through
reviews and contact surveys made during the course of the NCAT stripping
study in N 1988. The listing of the projects is not conprehensive but
includes both laboratory and field efforts. None of these projects is

discussed in this report.



TABLF S. CURRENT RESEARCH EFFORTS IN STRIPPING OF BI TUM NOUS M XTURES TABLE ( CONTI NUEI))
Yature Of |nvestigation Dur ati on

General Protect Description Laboratory Field Cient Start | End | nvesti gat or
An investigating of the effects X X TX DOT 1986 | ND CTR - Univ.
of various additives in projects of Texas

| ocated in various climatic areas

using various test methods.

Evaluation Of various treatnent X X AZ/NCHRP | 1986 | ND Dr. Jimenez
procedures for stripping i nprovenent and

Dr. Tunnicliff

Asphal t-aggregate m xture analysis X X NCHRP Pro. | 1987 | Nov. BRE. Inc
syst em (AAMAS) - Phase 11 9-6 (11) 1988

SHRP - Contracts A-003A and A-003B X X SHRP 1988 | 1982 | Various
Investigate correlation between X X AZ DOT 1987 | ND AZ DOT

TSR and 1C Strength Ratio

Investigate fundanental mechanisns X X NAPA Ed 1987 | Cent. | NCAT (AU
and test methods in stripping Found

A fleld study of stripping potential X X ALHD 1986 | Cent . [ HRC (AU

of asphalt concrete mxtures

Invest{gate stripping phenomenon X X FHWA Task | ND ND LA Trans. &
in various mxtures using various Or der Resear ch
test methods ' Cent er

- -
Assessnent of stri pp| ng aspha|t X X VA DOT FY 88| FY 89| VA Transport.
pavement before rehabilitation Resear ch
Center

CTR = Center for Transportation Research HRC = H ghway Research Center
NCAT = National Center for Asphalt Technol ogy AU = Auburn” University

ND = Not

determ ned during this study



TABLE 5. CURRENT RESEARCH EFFORTS |N STRIPPING OF BITuM Nous MIXTURES ( CompLETED) *

Nat ure of Investigation Dur at i on
Genera® Project Description Laboratory | Field Cient Start | End I nvesti gat or
I nvestigate effectiveness of X X FHWA 1988 | 1988 | Oregon State
antistripping agents Task Uni versity
Or der
Eval uat e antistripping testing X X FHWA 1988 | 1989 | Oregon DOT
procedures Task Material s
Or der Section
Eval uate stripping test procedures X X FHWA 1987 [ 1989 [ Information
using m xtures fromlime treated unavai | abl e
test sections
Ant{stripping additives in asphalt X X NCHRP |March | July | Tunnicliff
concrete - phase 11 Pro} 1981 1989 | Consulting
10-17 Engi neer

* Other research efforts are listed in Table A-1



V. CRITICAL REVIEW OF TEST METHODS

The test methods which are the subject of review in this section
include those sort-listed in Section 111 including the Nevada Dynamic Strip
Method.  These nethods are:

1. Indirect Tensile Test

Lottman conditioning procedure (with nodifications)
.Tunnicliff-Root conditioning procedure

2. I mmersion Conpression Test

3. 10-M nute boil test, and

4.  Nevada Dynamic strip test

Criteria for Selecting the Above Test Methods

1.  Contact survey results (Appendix A)

2* Availability of documented laboratory and field evaluations

3. Availability of Information Involving comon types of materials on
which nearly all the above tests were applied

4. Availability of standards of the tests at DOT |evel, AASHTO or

ASTM

5. Availability of a judgement criteria associated with use of the

test, and
6. An additional test which has been successful in a local setting
(Nevada Dynamic strip test)

Critical Review Approach

Reviews of literature bases were conducted to establish availability
of published data on numerous mateial types and generated by the test
net hods under review. The data sought had to contain |aboratory

eval uations, laboratory predicitons, and associated expected or known field

behavi or of the candidate asphalt-aggregate m xtures.



Material Types and CGeneral Locations

a. Aggregates - The follow ng aggregate types were involved in the
studies fromwhich the data for the current review were based:
Li mestones including dolomte, granite, chert, gravels, and sands.
b. Asphalts - Asphalt varied from AC-10 to AC-30 and represented
di verse sources.
C. Antistripping agents - Nunerous |iquid and solid additives were
used in the referenced studies.
d. Locations - The data used in this review was obtained on materials

conmbi nations from the follow ng states:

1. Al abam 5. Louisiana 9. Tennessee

2. California 6. M ssissippi 10.  Texas

3. Ceorgia 7. New Yor k 11.  Utah

4. Kentucky 8.  Nevada 12.  Virginia, and

13.  Washi ngt on

Test Results Sunmmaries

Kiggundu et al. (69) recently conpiled test data for use in this
review as shown in Tables 6 through 10. The results are listed in each
table showing the follow ng:

1. Test nethod type

2. Material source and mineral types |isted bel ow

Mat erial Source Aggregate Type'
GA - Grason Ganite

UT - Staker Not avail able
GA - Rone Li nest one

M5 - Hattiesburg (#1) Chert gravel

M5 - Hattiesburg (#2) Chert gravel



GA -
X -

X -

TX -

X -

™ -

X -

VA -

TN -

KY -

CA -

CA -

LA -

Kennesaw
District 9

District 11

District 1.2

District 13
District 5
District 14
District 19

Aggregate

- Aggregate

Aggregate

Aggregate

- Norcross

- Aggregate A

B

Tel Chert

P.C.A Fairoaks

A613 - Mx Z

Ganite

Coarse gravel -washed & field sand

Crushed Iinestone plus sand and
gravel

G avel -crushed [|inmestone-1ocal
field sand

Sand- gr avel

Crushed caliche

Crushed |imestone-local sand

Coarse slag-local sand

Ganite

Pit aggregate near Spokane

Li mest one

Ganite

Ganite

Li mestone (dolomite)

Crushed gravel -1inestone-natura
sand o

Sliceous gravel (crushed &
natural sand)

Siliceous gravel (natural sand
pl US uncrushed gravel)

Li mest one

Chert gravel

Crushed gravel



LA - Al123 -Mx G Not avail abl e

LA - A070 - Mix H Not avail able
1-80 Near Dpieth (Nevada) Pit run aggregate
Elko, Nevada | daho Street Pit run aggregate

L. Oher aggregates are identified in Tables 6 to 10.

3. Strength or Criteria Ratio listing
a. Mninum val ue(s) required, and
h. Test results.

4. Field performance rating

5. Test performance in predicting the field condition by:

a. Success - indicating the laboratory prediction was consistent
with the expected field condition or

b. Failure - indicating that the |aboratory prediction using the
particular test was inconsistent with the field performnce
condi tion, and

6. Citation of the reference publication

Anal yses
Data analysis followed the conpilation effort shomﬁ-i] Table 6 through
10 by the follow ng operations:

1. Numerical count of the cases for which each test registered
success versus failure and represent the result as a percent of
the total data in each table.

2.  Recounting the success/failure distribution resulting from changes
in the mninumtest index say froma TSR of 80 percent to a val ue
of 70 percent as seen in Table 6. This operation resulted in a

reduction of the success rating from 76 percent at a TSR of 80

percent to a 67 percent at a TSR of 70. Applying the sane



TABLE 6. TEST RESULTS ON M XTURES EVALUATED BY NCHRP 246 TEST
Strength or Crit. Ratio(Z] Test Performance

Test Fieid Performnce

Met hod Material Source Min. Req. Test Result Rat 1ing Success| Failure | Reference

NCHRP 246 |GA - Grayson 80 (70) 6.5 Moderate to Severe | yes (47)
UT - Staker 77.2 Moderate to Severe | yes (yes) (47)
GA - Rone 80 (70) 75.2 Sli ght yes (yes) (47)
MS - Hattiesburg (#1) 80 (70) 86.9 Slight yes (47)
M5 - Hattlesburg (#2) 80 (70) 84.8 Slight yes (47)
GA - Grayson + A 80 (70) 92.9 Good yes (47)
GA - Kennesaw + A 80 (70) 89.9 Good yes (47)
GA - Rome + A 80 (70) 88.0 Good yes (47)
M5 - Hattiesburg #2+A 80  (70) 83.7 Good yes (47)
TX - District 9 70 21 Stripper yes (72)
TX - Dpistrict 11 70 20 Stripper yes (72)
TX - District 12 70 3 Stripper yes (72)
TX - District 13 70 36 Stripper yes (72)
TX - District 5 70 10 Non- St ri pper yes (72)
TX - District 12 70 118 Non- St ri pper yes (72)
TX - District 14 70 69 Non- Stri pper ‘yes (72)
TX - District 1.9 70 80 Non- Stri pper yes (72)
VA - Aggregate 70 or 75 32 Stripper yes (73)
WA - Aggregate 70 or 75 37 Stripper yes (73)
TN - Aggregate 70 or 75 54 Stripper yes (73)
KY - Aggregate 70 or 75 66 Stripper yes (73)

[}

A = mxtures nmade with additive

Crit. = criteria

Mn. = mninm

Req. = required

(Yes) = represent effect of change of TSR criterion from80 to 70 percent



TABLE 7. TEST RESULTS ON MTXTURES EVALUATED BY NCHRP 274 TEST
. Strength or Crit. Ratio(% fest Performance

Test Mat eri al Field Performance

Met hod Source Mn. Req. Test Result Rating Success Failure Ref erence

NCHRP 274 |GA - Grayson 70 10.5 Severe Stri pper yes (47)
GA - Rone 70 65. 2 Slight Stripper yes (47)
GA - Rone 80 76. 8 Slight Stripper yes (47)
M5 - Hattiesburg #1 80 81.7 Slight Stripper yes (47)
MS - Hattiesburg #2 80 75.9 Slight Stripper yes (47)
GA - Grayson + A 80 92.7 Cood yes (47)
GA - Kennesaw + A 80 74.7 Good yes (47)
GA - Norcross + A 80 89.4 Good yes (47)
GA - Rome + A 80 83.8 Cood yes (47)
M5 - Hattiesburg + A 80 90.9 Good yes (47)
AL - Aggregate A 80 87 Non- Stri pper yes (60)
AL - Aggregate B 80 80 Severe Stripper yes (60)
AL - Aggregate C 80 109 Moderate Stripper yes (60)
AT.- Aggregate D 80 107 Severe Stripper yes (60)
AL - Aggregate E 80 8 5| Good or Non- yes (60)

Stripper

A - Mixtures made W th additives.




