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Abstract—Many transportation agencies in North America and
Egypt have reported that stripping can be a sigréfit issue in
most pavement distresses such as rutting, fatiguacking,
ravelling, potholes, and flushing. In addition, Camkan airfield
asphalt concrete pavements, especially in the Aflgn€Central,
and Pacific regions, show evidence of stripping disemoisture
susceptibility. It is recognized that density ang-place air-void
content (AVC) are important parameters of a properbnstructed
asphalt pavement. The first objective of this resda was to
investigate different factors that may affect stpimg evaluation.
During the development stage samples representingurf
Canadian airfield mixes were prepared and tested rigestigate
the effect of soaking duration, air voids contereind soaking
temperature. The results of the air-void investigat, which were
compatible with the concept of Pessimum theory, wkd that
samples should be prepared with an air-void contehtnore than
8.5%, with a soaking duration of 6 to 8 hours and ading
temperature of 70 °C. The second objective of theseaarch is to
validate the developed criteria of stripping pretian on Egyptian
mixes. The validation was carried out using Egyptiamxes with
five different anti-stripping agents and it showechat the
developed stripping evaluation guidelines has thsligy to predict
the effect of anti-stripping agents on the retainéehsile strength
of the examined mixes.

Index Terms—Asphalt Mixtures,
Laboratory, Stripping, Testing Procedures.

Evaluation, Field,

I. INTRODUCTION

Numerous laboratory test methods are designedetatifg
paving mixtures that are susceptible to strippilig. material
is identified as susceptible to stripping, then tezessary
actions can be taken to prevent stripping beforstatts.
Selecting the most reliable or most effective tasthod is
difficult because the types of pavement distresssed by
stripping, such as ravelling or rutting, may bessaliby other
mechanisms. The most basic requirement of a stggpst is
that it always fails mixes that strip in servicedaalways
passes mixes that perform well. Pavement performasc
adversely affected by stripping and unforeseenemes in

specimens stressed in some manner in the presénceer,
and (3) tests that measure the change in the mieahan
properties of mix specimens exposed to water inestype of
conditioning scheme (Asphalt Institute 1987). Thwerct
category includes the largest number of tests notlyréeing
used in practice, such as immersion-compressiot, tes
Marshall-immersion  test, and the Lottman and
Tunnicliff-Root versions of the indirect tensileesigth (ITS)
test (Kennedy et al. 1983, AASHTO 1989). Otherstekat
are also widely accepted include the American Aission of
State and Highway Transportation Officials (AASHTQ)
Modified Lottman test (AASHTO 1989), Public Work
Government Service Canada (PWGSC) test (CSRP 1996),
Ontario Ministry of Transportation Static Immersidrest
(MTO 1995), and the Strategic Highway Research Rirng
Test (SHRP 1994, Hassan et al 2002, Mostafa 20@d,
Mostafa et al 2005, Mostafa et al 2006, Halim e2G06).

In the third category of tests, compacted asplygtegate
specimens are exposed to conditioning regimes ofing
severity. The ratio of the value of a specific negbal
property, such as compressive strength or tensigngth,
measured after conditioning to that measured before
conditioning provides the gauge for stripping daeag
Air-void content (AVC) plays an important role itripping
evaluation and its criterion varies for differetaredard tests.
For example, AASHTO requires 6-8 %, MTO requires
8-12%, and PWGSC requires the mix design AVC winch
normally 3-5%. Also, the conditioning procedure lihs
same severity of variance between these standatd i@
terms of soaking duration and temperature. For elanin
the PWGSC test the samples are soaked for 24 ho68s°C,
while in the AASHTO test the samples are frozerilf®hours
and then soaked at 60 °C for 48 hours before hlminged to
the room temperature.

For the third category, the degree of susceptbild
moisture-induced damage is determined by testinor&tory

maintenance budgets are often incurred. The caofesSpecimens according to the required standards. The

stripping remain unclear and predictability is tedely
non-deterministic. Thus the need to unfold an ustdading
of the mechanisms and to develop simple but reditdsts and
judgment criteria remains urgent. This researcbudises the
process of stripping prediction and validating tfeveloped
criteria on Egyptian mixes.

Current tests for evaluating stripping potentialynize
divided into three categories: (1) tests that Jgusstimate
stripping, (2) tests that measure the time-to-gisom of mix
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specimens are compacted to specific AVC, and eatlofs
samples is divided into two subsets of approxinyaggjual
air-void contents. One subset is maintained dry
(unconditioned) and is used as a control subsettandther
subset is treated in water (conditioned). Theikessrength
of each subset is determined using the tensilagtingest. In
addition, the potential for moisture-induced damage
measured by the ratio of the tensile strength@ttnditioned
subset to that of the control subset. The testquho@ for the
third category may include one or more of the folla steps:
sample preparation with a specific AVC, soakingsamples
in a 60 °C water bath for a certain duration, augplthe
samples in a water bath at 25 °C for certain domati
vacuuming the samples to a certain degree of setnra
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freeze-thaw cycles, and testing of mechanical ptagse

laboratory-compacted briquettes or cores recovieoed the

The available test methods range from simple arfield. In addition, these briquettes can be comgrdd the

inexpensive to complex, expensive, and time-consgnin

addition, there is often a lack of correlation bedw
laboratory results and field performance. Thereftine test
results can be affected by the cost, the experiefiche

personnel performing the test, and, more imponatiie time
required to achieve the test. Moreover, it is nsagsto have
proper knowledge of the unique characteristics sghalt

mixes, including their moisture susceptibility athe factors
affecting them in order to solve the problem. Tremtests of
the third category have been evaluated by the esthad the
outcome of the evaluation showed that none of tireent

standard tests was able to
none-strippable asphalt pavement mixes (Hassah2802,
Mostafa et al 2004, Mostafa et al 2005, Mostafal 006,
Halim et al 2006).

design air-void ratio or to a higher ratio depegdam the test

method used. Experimental results have shown #mwts t

performed on a specific portion of the aggregaedation
(usually coarse aggregate in loose form) may novige
enough information to predict performance (Skog Zode
1963). Therefore, compacted specimens that clesmlylate
the pavement in place on the road are traditionakyerred.
Brown et al. (1995) have reported that dense-grduzd
mixtures should not strip unless there are excessiwoids,
moisture, or insufficient asphalt cement. They régub that
the most important factor that affects the denselgmix is

identify strippable fromrAVC.

Lottman (1995) has reported that the air voidasphalt

pavement might become water saturated even frorowap

condensation due to water in the subgrade or sebbas

The main objective of this paper was to develop netemperature rise after this saturation can caupareson of

criteria to enhance the ability of predicting spiipg for

asphalt pavement mixes and to validate the devdlopteria
of stripping prediction on Egyptian mixes. The déoling

sections present a background on stripping chaistits, the
testing program and results. The analysis of thelt®is then
presented followed by the conclusions.

II. STRIPPING CHARACTERISTICS

Available literature in the field of asphalt pavertssagreed
that stripping is associated with the presenceaiém(Hicks
1991). However, since the resistance of asphaltretm
mixes to moisture damage varies from very pooety good,

the water trapped in the mixture voids resultingignificant
void pressure when the voids are saturated. Funthrey, if
asphalt concrete is permeable, water could flowajuhe
void spaces under the pressure developed by theetatare
rise and, in time, relieve the pressure develoffedot, the
tensile stress resulting from the pressure may kbtea
adhesion bounds and the water could flow around
aggregate causing stripping. Conversely, open-gradizes
have been observed to have good stripping resistgiicks
1992).

Such superficially contradictory observations hépez=n
explained using the concept of Pessimum void caoifesrrel

other factors must be contributing to stripping. eThand Al-Swailmi 1993). According to this conceptypments

complexity of moisture damage is also evident frtm
number of factors affecting it such as mix chanasties,
conditions process, operation, and constructiore Tiain
factors that are expected to most contribute tgsirg
prediction are:
1)
temperature
2) Using of anti-stripping agents
3)
compaction

4) Materials such as different mixes

that have low AVC are virtually impermeable asvbéals are
essentially not interconnected, and therefore theements

the

are not affected by moisture. However, when the AVC

exceeds a critical value, air voids become largel more
interconnected causing the water to flow more gaisibugh

Environment such as degree of Saturation and sgakif'@ pavement. It appears that stripping can oatting mid

range between these two limits of the air-void eant This
range has been referred to as the Pessimum voédee(Bnd

explained that the mix retained strength is relatedhe
air-void content. Pessimum voids can representnaeqt of

Generally, a factor that improves the adhesive borfif@ntity (amount of voids in a mix) or quality @iz
between the asphalt and the aggregate will alsaiceed distribution, and interconnection) as they affeavgment

stripping and improving the resistance to moistliaeage,
and vice versa. Commonly, any of the test methioatsdan be
used to evaluate moisture damage in an asphaltetenmix
have three distinct components (Kandhal 1991): tfE
specimen air-void content, (2) stripping medium ckhis

produce stripping ‘conditioning’ and (3) accepte]
criterion based on the retained strength. It isartamt to

performance.

Pavement construction is one of the major factbed
influences the performance related to moisture dgnod the
laid asphalt pavement (Mostafa and Abd El Halim&0The

in-place AVC of a newly constructed asphalt pavegnen
water or water vapour that the samples submergetb in Which should be 3-5%, is usually constructed ah&éighVC

(8-10%). The intrusion of water can be greatly mthwhen
the asphalt mixture is properly compacted to anaiit level

emphasize that the medium temperature and the repakPf 7% or less. A good measure of the suscepjibditan
asphalt concrete pavement to moisture infiltratiand

possible damage is the hydraulic conductivity of th
compacted layer. Since stripping is associated lynaith the
presence of water, all stripping tests use wateapour as the
stripping medium. Experimental results showed thaisture
increasing

duration of the conditioned samples are the corehef
conditioning process.

Several types of specimens are used in differenstore
susceptibility tests. Some tests have adoptedselspecimen
of aggregate coated with asphalt cement, whileraésts use
fully compacted specimens. These specimens, in tambe

damage significantly increases with
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temperature of soaking water (Mohamed and Abd HintHa
1993), where emphasis has been added to warm or
soaking of asphalt specimens. In addition, shqobsures to
cold temperature alone can improve the tensilagtheof the
mix. Finally, the duration of exposure of the spemns to the
stripping medium has been subject to disagreeméthbugh
virtually all tests specify soaking duration of otee three
days, it has been argued that such short duradomsot
enough to induce moisture damage that is indicatfviéeld

conditions (Fromm 1974). However, although a longe

duration of exposure to the stripping medium maywed
suited for research purposes, it would severelypromise
the practicality of the test as a tool for quatipntrol.

IIl. TESTING PROGRAM AND RESULTS
Density and in-place air voids are important partanseof

ISSN: 2347-6389, Volume-2 Issue-11, October 2015

stripping). On the other hand, Mix 3 is a base seuOn the
bther hand the fifth stage was carried out usingpEgn

surface layer mixes that is known by its susceliibto

stripping (five types of anti-striping agents wéned). The
procedure for the fifth stages of the experimeptagram and
the results are presented below.

A. Stage 1. Establishing
Compaction Effort and Air Voids
r The objective of Stage 1 was to develop a relatigns
between the number of blows and AVC in the specifoen
each mix. Fifteen samples were prepared for earlfvikes

1, 3, 4, and 5) and divided into five sets whereheset
represents a different number of blows (compactifiart).

The samples were then compacted in standard Mérshal
moulds to the required air-void content dependingtioe
number of blows (Mostafa and Kandil, 2008 and Mfaséand

Relationship  between

a properly designed and constructed asphalt pawemeg ¢ 2010)

Selecting the proper compaction level during the-d@sign
phase is critical for proper pavement performanke.
addition, the conditioned samples are affectechbysbaking
temperature and duration. Therefore, this investga
consists of five stages as follows:

Stage 1: Relationship between compaction effort and AVC
Sage 2: Effect of AVC on Tensile Srength Ratio (TSR).

Sage 3: Examine the effect of AVC on TSR at different
soaking temperatures.

Knowing that results of stages 1 to 3 can be foumdhe
previously published papers (Hassan et al 2002jafimst al
2004, Mostafa et al 2005, Mostafa et al 2006, Hadinal
2006)

Sage 4: Examine the effect of soaking duration on TSR.
Sage 5: Verifying the testing procedure using Egyptian
asphalt pavement mixes.

B. Stage 2: Examining Effect of Air Voids on Tensile

Strength Ratio (TSR)

The objective of Stage 2 was to investigate thecefbf
different AVC on the retained strength at a cortssaaking
temperature (60 °C). The conditioning process waeatical
for all sets where the samples were soaked at 6forrc2
hours and then cooled at 25 °C before being tastieg) the
ITS test and the TSR was calculated (Mostafa anddia
2008 and Mostafa and Ouf, 2010)

C. Stage 3: Examining Effect of Different Soaking

Temperature on TSR

This stage of the experimental program used sanfigas
Mixes 4 and 5 with three different soaking tempared: 60
°C, 70 °C, and 80 °C. Since Stage 2 already covred

The experimental investigation of stages 1 to 4 wasoaking temperature of 60° C, this stage covereddaking

designed and carried out at Carleton Universityndda,
involved mix selection, sample preparation, andiatory
testing. After consultation with the pavement epgits in the
Public Works Service Government Canada (PWGSCg, fi
airfield mixes were selected and supplied by thenay.
Three of the mixes were taken from the MacDonaldi€a
Airport (Ottawa, ON) and the other two mixes wea&en
from the Penticton Airport (Vancouver, BC). The psxwere
examined for asphalt content, gradation, and qihmerties.
Details of the physical properties and gradatiam fva found
elsewhere (Mostafa 2005). The fifth stage was adesigand
carried out at Mataria School of Engineering; Helwa
University, Egypt, using Egyptian asphalt mixest tkown
by their susceptibility to stripping with five dédfent
anti-stripping agent additives.

There are differences in asphalt content and gradat
especially between Mix 3 and other mixes for batidbrs
and gradation. In addition, Mix 1, Mix 2, Mix 4, é&Mix 5

used Modified Performance Graded Binders (PG) 58-3

while Mix 3 used PG 58-28. In summary, for the soef
course mixes, Mix 1 is almost the same as Mix Zpkthat
Mix 2 has dolomite stone aggregate and both aghthfi
different from Mix 4 and Mix 5 in terms of gradatiaand
asphalt content. The main difference between Maxd Mix
5 is the use of anti-stripping agent (Mix 4 was\aekd by the

PWGSC from a source known for its susceptibility to

temperatures of 70 °C and 80 °C. The results ftaige were
calculated and analysed elsewhere (Mostafa andiKa088
and Mostafa and Ouf, 2010)

'D. Stage 4: Examining Effect of Soaking Duration on

TSR

To investigate the effect of the soaking durationthe
warm-water bath on the ITS and in turn on the T3Rkvis a
measure of stripping, four mixes with five diffetesets of
samples were prepared: three laboratory samples{M¥lix
4, and Mix 5) and two field cores extracted fronxMi and
Mix 2. A total of 120 samples were prepared. THe¥ang
steps were followed to evaluate the limitationthef PWGSC
test and to examine the effect of the warm-wateth ba
duration:

- All sets were soaked into the warm-water bath for
different durations (0.25, 0.5, 1, 2, 4, 6, 8, @dchours). The
samples were soaked in a warm-water bath at 60 °C.

4- The mechanical properties of the samples wermizeal
using the ITS test.

The ITS is presented in Table 1 knowing that thetrob set
of samples are those have the soaking duratior26flfour.

Table 1 shows the percent change in ITS with tlakisg
duration. Most mixes showed insignificant changetiveen
8 to 24 hours which mean that soaking duration féoto 8
hours is more than enough to examine. As is corhmon
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known, the PWGSC test procedure requires

unconditioned samples to be immersed in a warm#viztth
for 30-40 minutes, which (based on the resultshisf $tudy)
reduces the tensile strength of the examined santplea
minimum of 30% at half an hour, compared to thetrmbrset
and 70% at 8 hours. Based on the results, it seene

th®.5%, 0.75%, and 1%) were tried from each typehef
chemical additives. The prepared samples wereolefire for
three hours and then heated to 160 °C before cdetpasing
Marshall compactor. Summary of the results of tftke $tage
is presented in Table 2.

reasoning to eliminating the soaking of the unctoded TABLE Il. THE EFFECT OF ANTI -STRIPPING ADDITIVES ON
samples in the warm-water bath and shortening the TSR.
warm-water bath duration for the conditioned sampte 8
hours. In addition, Fig. 1 showed the relationdhitween Type of Additive Cond? | Uncond® | Ratio
soaking duration and ITS and it proved that 8 hofispaking additive % kg kg (%)
has the same effect as the 24.
Control zero 59 155 38
TABLE |. THE PERCENT CHANGE IN ITS. 0.25 146 154 95
Lab | Lab | Field | Field | Lab . Cement 0.5 138 154.5 89
Redu. _ _ - - _ Duration 1.0 124 165 75
ot | Mix | M| M M VKT Hours 0.5 1365 | 1465 | 93
0.25 Lime 1.0 136 153 89
oL | (eono) 05 es | 1565 | 1
-31 29 | -32 | -39 | 42 | -14 0.5 S';ez_adrlc 075 98 1535 94
45 | 44 | -42 | 52 | 52 | -34 1 cl 1.0 29 152 95
-55 -59 | 44 | -70 | -59 | -43 2 Styrene 5755 99155 11;3675 5673
-58 59 | 51 | -64 | -71 | -43 4 Acrylic 10 oa 150 63
-63 -68 | -57 | 69 | -74 | -46 6 05 121 152 30
-70 68 | 64 | -86 | -78 | -52 8 Tilos 0.75 135 175 77
=72 -73 | 65 | -88 | -78 | -57 24 — 1.0 99 165 60
ey Juction % ®Conditioned.
Vel‘age reauction %o. bUnconditiOI’led.
050 IV. ANALYSIS OF RESULTS
. oas The outcomes of stages one to three showed that the
% compaction affects the air voids content as wethasoaking
E temperature affects the stripping prediction. It swa
g» recommended that air voids content should be ar@us%h
<§ with a tolerance that needs to be determined. bhitiad;
z soaking temperature should be 70 °C to identifysthipping
5 : because it was found that above a certain levairefoid
9} * Mixl-lab - . e - . . . .
e © Mid-without AS| content, the probability of identifying stripping more likely
A MS-withAS to occur (Hassan et al 2002, Mostafa et al 2004sthfa et al
vy 2005, Mostafa et al 2006, Halim et al 2006 and ldfasand

10 15 20 25
Duration (hour)

Figure 1. Relationship between soaking duration and
ITS.

E. Stage 5: Validating the developed stripping predat

criteria

Conventional additives such as lime were addebeantix
with three different percentages of 0.5%, 1%, ab&alby dry
weight of aggregate. Aggregate —lime mix was lefture for
15-30 minutes for curing. Hot asphalt was addedthadnix
was then heated to 160 °C. Marshall Samples wegaped
by applying 75 blows per face representing heaaffitt The
second anti-stripping agent, cement, was triedgudimee
different percentages of 0.25%, 0.5%, and 1%.

Three chemical additives (stearic acid, styrengliaciand
tilos) were added to the hot mix asphalt. Three@miages

10

Ouf 2010).

Finally, the change in the ITS slope at differeoaldéng
durations was calculated to examine the effecbakimg and
decide on the best soaking period at which thetduravill
not significantly affect the slope (Table 3). Th&R was
calculated by dividing the ITS conditioned sampias
different soaking duration by the control soakingadion at
0.25 hour. As noted from Table 3, the change indlope
starts with very high value and decreases drantigtias the
soaking duration increases. Three hours of soat@uges a
loss of 95% of slope changA TSR), six hours of soaking
causes a loss of 98%. Moreover, the differendhérrate of
change in the slope of tRe TSR between 8 and 24 hours of
soaking is less than 2% which indicates that tlecefof
soaking will not be effective after six hours. Basm above
results, the six- to eight hours of soaking duratio the
warm-water bath seems to produce the same effabea4
hours.
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TABLE lll.  RATE OF CHANGE IN INDIRECT TENSILE STRENGTH WITH SOA KING DURATION .
Lab Lab Field Field Lab )
ATSR | Average | . g Mix 4 Mix 2 Mix 1 Mix 1 Soaking
Slopé€ () Duration (hrs)
Rate of Change in the slope of the ITS (KiRan)

100 -452.7 -345.8 -1208 -219.6 -177.7 -312.1 0.25
42 -189.9 -142.1 -517.9 -81.8 -70.8 -137 0.5
17.6° -79.9 -58.4 -222 -30.5 -28.2 -60.2 1
7.4 -33.6 -24 -95.2 -11.4 -11.2 -26.4 2
4.5 -20.3 -14.3 -58 -6.4 -6.6 -16.3 3
3.1 -14.2 -9.9 -40.8 4.2 -4.5 -11.6 4
2.4 -10.8 -7.4 -31.1 -3.1 -3.3 -8.9 5
1.9 -8.6 -5.9 -24.9 2.4 -2.6 -7.2 6
1.6 -7.1 -4.8 -20.6 -1.9 2.1 -6 7
1.3 -6 4.1 -17.5 -1.6 -1.8 -5.1 8
1.2 -5.2 -3.5 -15.1 -1.3 -1.5 -4.4 9
1 -4.6 -3 -13.3 -1.2 -1.3 -3.9 10
0.6 -2.5 -1.7 -7.5 -0.6 -0.7 2.2 16
0.3 -1.5 -1 -4.6 -0.3 -0.4 -1.4 24

®Average rate of change in the slope of the TSR
® A TSR slope = 79.9/452.7 = 17.6%.

V. CONCLUSION

The analysis of the fifth stage showed that adding |, hractice, the mixture must be constructed totrtight

anti-stripping agents to the control mix achiev@&a3tensile
Strength Ratio (TSR) and that percent increasedgutsie
conventional or unconventional additives. Usingéeimnd

specifications on density while maintaining the idb
air-void content. The density and air-void contesnt have a
significant impact on pavement performance as tamyse

cement achieved retained strength more than 90%e Whijeterioration in the AC layer. This research wasied out to

adding stearic acid, stearic acrylic, and tilichiaged around
60 to 80 %. Generally, it can be stated that cotiweal
additives are more suitable as anti-stripping ages the
required TSR according to all available standandd the
approved criteria is not less than 70%. Fig. 2 stbthe
effect of using anti-stripping agents on the regditensile
strength ratio.

More importantly, the carried out testing programs h
approved that the developed guidelines have thityatn
predict stripping and therefore it is recommendettyt it on
different Egyptian mixes that are known by its symibility
to stripping. In addition, using conventional asttipping

identify the critical soaking duration in orderdgaluate the
moisture induced damage for the tested materiampges
representing four Canadian airfield mixes were areg and
tested at five different AVC for each mix, threevdés of
soaking temperature, and eight different soakingtins.
Previous publications showed that preparing sasnple

with air voids at 9 = 0.5 % with soaking temperatdi0 °C
would be better for stripping prediction, (Hassaml 2002,
Mostafa et al 2004, Mostafa et al 2005, Mostafal &006,
Halim et al 2006 and Mostafa and Ouf 2010). Morepthe
results of the effect of warm-water bath duration TSR
showed that the rate of change in the retainedngtne

agents enhanced the resistance to stripping mo#@ thyecreased as the soaking duration increased. Atiree

unconventional additives.
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Figure 2. Effect of additives on TSR of the Egyptian

mix.
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hours, the change in slope of the TSR for all mikepped to
5%, while after six hours it dropped to 2%. Thessults
indicate that six to eight hours of soaking dunatim
warm-water bath is enough to condition the samplesa
result, if the compaction was not properly perfodmeater is
expected to speed the stripping action. Overalle th
recommended criteria of air-void content (9 £ 0.5 %
soaking duration (6 to 8 hours), and a soak tenperg70
°C) for the conditioning process of stripping testsexpected
to result in better prediction of the moisture iodld damage
for the Canadian and Egyptian asphalt pavementanikés
expected that the results of this research wilh iraprove the
evaluation of stripping of asphalt pavements arar tfield
performance. In addition using conventional anipptng
agents such as 1.5% of lime and 0.25 % of cemelht wi
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enhance mixes resistance to stripping.
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