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ABSTRACT

Stripping of asphalt-binder (bitumen) from the agggite surface can undesirably contribute to varidissresses in
hot-mix asphalt (HMA) pavements such as ravelliaggfegate loss), cracking, pot-holing, etc. As aangeto
minimize this phenomenon, a quantitative adhesist and evaluation method (QATE) was proposed and
investigated in this study to characterize the rmi#m-aggregate bond strength and adhesion properties
Concurrently, an innovative anti-stripping additivwas developed in the laboratory through appromiat
combination of the following chemical agents: Potyde (PA), anti-moisture polymer (AMP), epoxy re@),

and dioctyl phthalate (DOP). The optimum anti-gifEy mix proportions were determined and proveedctifie
with an adherence percentage of 97.3% after 10 tagboiling in water.
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INTRODUCTION

The bonding between asphalt-binder (bitumen) amplesate plays an important role in governing thégomance

of hot-mix asphalt (HMA) pavements. Various repodbout asphalt-aggregate interaction can be found
elsewhere[1-5]. Inadequate bitumen-aggregate bgndan undesirably contribute to various distressash as
ravelling, stripping, cracking, pot-holing, ruttingtc.[6-10]. Thus, appropriate test methods farabterizing the
bitumen-aggregate bond strength and adhesion prepéo mitigate stripping are imperative. The ASTM3625
laboratory test method presents a generalized lgvbitumen-aggregate adhesion/bonding based omatkeage
stripping area of five bitumen-wrapped aggregaftes austaining 3 minutes exposure to boiling watea measure

of characterizing bonding and stripping potentraHMA mixes [11]. With this test method, howeverjs often
difficult (even for experienced researchers antinagans) to readily and effectively differentidtetween Level Il
and 1l stripping, i.e., stripping area threshoteéager or lower than 30%, respectively.

In this study, an innovative laboratory test methgith an extended boiling time of 3-10 minutes vagestigated to
guantitatively characterize the adhesion betweémr®En and aggregates. Additionally, an anti-strigpadditive
was also developed to aid in improving the HMA'sistance to stripping propensity. Polyamide (PAJ apoxy
resin (EP), being some of the commonly used chdragants[12], were the baseline ingredients fordéeeloped
anti-stripping additive.

EXPERIMENTAL SECTION
1. Materialsand test methods

A performance-graded (PG) bitumen, PG76-22[13] fadplnstitute 1996), which was commonly involvedthe
asphalt pavement construction in the South of Chivess used in this study. Polyamide (PA), comnaéranti-
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moisture polymer (AMP), epoxy resin (EP), and dibghthalate (DOP) were utilized as ingredients tfue anti-
stripping additive to improve the stripping resigta potential of the resultant mix[7]. A commonlsed aggregate
type in China, granite, with a nominal maximum si#e81.5 mm was used. To obtain the optimum contlonaof
various additives, i.e., the optimum mix proportionf the anti-stripping additives, an orthogonal (8%))
experimental plan as shown in Tables 1 and 2 waisef# and executed accordingly.

Table1 Levelsand factorsin the orthogonal experiment

Item A B C D
Factor AMP/PA EP/PA DOP/PA Dosage (%)
Level 1 1/5 1/2 1/5 1
Level 2 1/4 1 1/4 2
Level 3 1/3 312 1/3 3

Table 2 Orthogonal experimental arrangement

Item A B C D
Factors AMP/PA EP/PA DOP/PA Dosage (%)

#1 1/5 1/2 1/5 1
#2 1/5 1 1/4 2
#3 1/5 3/2 1/3 3
#4 1/4 1/2 1/4 3
#5 1/4 1 1/3 1
#6 1/4 3/2 1/5 2
#7 1/3 1/2 1/3 2
#8 1/3 1 1/5 3
#9 1/3 3/2 1/4 1

The granite aggregates were then processed, auteahaped into roughly cubic particles of appratiaty 15 mm
in length. The anti-stripping additive was accogiynmixed with the original bitumen using a highesd shearing
machine to produce the modified bitumen. The preeggranite aggregates were then covered in diltinirof the
original or modified bitumen as specified in the A% D 3625 test procedure[11]. After cooling, theagite
aggregates were subjected to heating in water 2€86r 3-10 minutes as designed in this study.

Pictures of the six surfaces of each cubical-shagrediite particle were taken using a normal digidamera.
Contrast to the specified method analysed by twmeggnced technicians from the estimated strippétgs of five
particles, the proposed quantitative adhesionngsiind evaluation (QATE) method presents the adbereate
automatically from the software of Vision Buildérhe parameters including Hue, Saturation and litterngere
kept constant as shown in Figure 1.
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Figurel Parameters specified in Vision Builder
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Table 3 Adhesion test resultsfor 10 minutes boiling

Level Average Adherence Rate
ltem  Factor: Range (%)
1 2 3 Levell Level2 Level:
AMP/PA 3723 1/5 1/4 1/3 93.357 95.153 91.4:%
EP/PA 3.66 1/2 1 3/2 95.6 91.94 92.4
DOP/PA 3487 1/5 1/4 1/3 93.733 91.36 94.847
Dosagr 0543 1% 2% 3% 93.65 93.183 93.10°

o0Ow>

RESULTSAND DISCUSSION

The test results in Figure 2 show that there isnamgnificant difference in the adherence rate agntive group:
boiling for 3 and 5 minutes. However, a significdifference in the adherence rate among the graasobserved
when the boiling time was increased to 10 minu@snsequently, the adherence test results for thenibtes
boiling time were further analysed.
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Figure 2 Adherence rate of the nine groups of stones subjected to various boiling time

Figure 3 Granite particles coated with a thin film of bitumen (10 minutes boiling)
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Figure 4 Pictures processed by Vision Builder (10 minutes boiling)

Pictures in Figure 3 show the nine groups of thees exposed to 10 minutes boiling (note: eachpycontains six
surfaces of the stone). All the pictures were agedyby Vision Builder, respectively. The strippiagea was
identified by red colour (Figure 4).

The adherence rate after 10 minutes boiling istitated in Figure 5. Group #1 demonstrates theesighdherence
rate while group #2, group #8 and group #9 shovatively low adherence rate. The intuitive analysfsthe
orthogonal results was listed in Table 3.
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Figure5 Adherencerate of granite exposed to 10 minutes boiling

From the result shown in Table 3, the critical dastinfluencing the material anti-stripping resi&e in their rank
order of significance are AMP/PA, EP/PA, DOP/PA au$age. The optimum mix combination of the ingeath
for the anti-stripping additive can then bgBACs:D;, namely, AMP: EP: DOP: PA = 1/4:1/2:1/3:1, wher¢has
optimum dosage of the additive is 1%. As evidarthie Table 3, higher dosage of the anti-stripgidditive did not
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significantly influence the adherence coverage; dv@x, such high dosages have the potential to thesamix
temperature susceptibility and the experiment cdstsis, for practical purposes, the optimum doszgine ant-
stripping additive was recommaed as 1% and added in the subsequent

To check the effect of the ardiripping additive on the bitum-aggregate bonding (i.e., PG-22 plus granite),
adhesion tests were carried out without (Figureaal) with the additive (Figure 6b). AfteO minutes of boiling in
water, the photos taken indicated favourable-stripping improvement as illustrated in Figure GeTbitumen film
(PG 7622) was almost entirely striped off from the grandggregate surfaces while the average adhe
percentge of the granite surfaces with the -stripping additive was maintained at 97..

Figure 6 After 10 minutes boiling - (a) without and (b) with anti-stripping additive

Due to the potential evaporation of the constitumthpounds such as the faamine groups during constructi
and inservice, durability and temperature stability aertipent issues associated with most commercia-
stripping additives[14,15]To assess the temperature stability of the-stripping agent developed in thisudy,
adherence rate was measured using the same afdr@meeihmethods after rolling tf-film oven (RTFO) agin[16].
The results in Figure 7 shows that the adherengerage was higher than 90% even after 10 minutdsiting;
indicating favourable heand water resistance of the developed-stripped agent.
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Figure 7 Adherencerate after RTFO aging

CONCLUSION

As a supplement to the traditional ASTM D 3625 roethior adhesion evaluation of bitumen and aggregat
innovative adhesion test method, with an extende@dninutes boiling time at 8°C, was proposed and prov
efficient in quantitatively evaluating e antistripping effect. In addition, an innovative &stripping agent was
developed combining four ingredients of PA, AMP, &Rl DOP. The adherence percentage test resuitaiad ¢
significant improvement in the stripping resistant¢he HMA by bending with 1% of the developed &stripping
agent. Temperature stability was also satisfactoit higher than 90% adhesion coverage after Ifutas boiling
time.
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