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Abstract: Most road surfaces in Taiwan are paved with aspwaicrete but the phenomena of rutting,
cracking and stripping of the pavement are fredyentcurring due to the effects of traffic flow,
thermal variation and water erosion caused by rhinthis study, a series of experiments were
performed to examine the effectiveness of antpptng fillers, which include; rock flour, rock flou
with 1% lime and rock flour with 1% cement, respegly, in the mixture of asphalt concrete. The
experimental mixing results showed that the caseock flour with 1% lime has a relatively better
performance in several categories including stgbiialue, flow value, retained strength, wrapped
asphalt rate in grains, resilient modulus, dynamstability and rate of rutting deformation. The
evaluated information implies that this filler caecrease the asphalt concrete’s abilities to restting
deformation and stripping of the road surface, tinaseasing the durability. The results also previd
good reference for using in road construction sithilar regional characteristics to Taiwan.
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INTRODUCTION damages. According to previous research repdtts
water erosion may be one of the maasoes to
drveaken cohesive force between asphalt mortar and
aggregates and final result in the raveling anigitig
of the asphalt concrete. There are several ways to

Most roads around the modern world are pave
with asphalt concrete due to its advantageous piepe

such as a sound mechanical composition, ease aif rep decrease the probability of stripping. One wayiis ise

and provide ease of use for users. Basically, $pdat o anii-stripping material in the mixtures, whichayn
concrete is composed of asphalt mortar, coarsgcrease the cohesive force and stiffness of tpaas
aggregate, fine aggregate, mineral filler and @his  concrete, to reduce the stripping phenomenon iegult
flexible material has to be mixed by a constantfrom water erosion and temperature variation.
proportion of each ingredient under a controlled From a road planner's point of view, it may be
temperature condition to guarantee the quality mfaal  helpful to analyze the deformed asphalt concrete
surfacé?. However, this temperature sensitive structure based on various theoretical models and
pavement material suffers from rutting, crackinglan numerical calculatiof¥™” and apply these to a
stripping caused by the effects of traffic flowetmal  specified regional road condition and evaluateBiit
variation and water erosibit. Therefore, how to from a road practitioner standpoint, these scintif
maintain or improve the structure and felity ~ methods are usually limited to only describe thesst:-
of the road system is a crucial isswehich may strain relationship of a typical asphalt concretgerial,
benefit not only road users but also bebut this is insufficient to explore the charactécs of
economically beneficial. asphalt concrete mixing with other additives. In
Taiwan is located in a subtropical region, thecontrast, the laboratory test results can be used t
average temperature is about 20°C year-round, hewevunderstand the characteristics of asphalt concrete
in the summertime road surface temperatures camreamixing with different ingredients and also used to
up to 60°C. High temperatures in addition to thefurther evaluate the effectiveness of each mixtare
impediments of overweight loading and heavy ralnfal preventing possible negative impacts. Hence in this
contribute to frequent road surface deformation andstudy, three anti-stripping materials include; rdickir,
damage in Taiwan. As shown in Fig. la-d are fourrock flour with lime and rock flour with cement. &e
typical damaged forms of road surface in the lacah, anti-stripping materials are investigated througieaes
it can clearly be ascertained that road stripp;ighe  of experiments based on the applicable asphaltretenc
most serious impediment among these road surfaceomposition codes for roads.
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D200xW50 standard rubber tire with tire pressutegy9
cm? is taken to simulate an actual traffic condition.

To compare the performance of different anti-
stripping additives, three mineral fillers includimock
flour, rock flour with 1% lime and rock flour with%
cement, added into the asphalt concrete mixture are
investigated in this study. The experimental respbdtsed
on these tests are discussed in the followingaecti

ANALYSISOF EXPERIMENTAL RESULTS

At the beginning, the aggregates occupy about 80%
to 85% of the total asphalt concrete volume, tiis i
important and may directly affect the quality ofvpd
road surfaces. In accordance with the experimental
items as described in a previous section, the ggtge
: after grain-size sieve analysis has the testedtsesfi
(b) Los Angeles abrasion rate 28.16%, soundness 4.03%
with the use of N#&Q, coarse aggregate specific
gravity 2.618, fine aggregate specific gravity 857
coarse aggregate water absorption rate 1.961%, fine
aggregate water absorption rate 1.961 and sand
equivalent 72%. For the adhesive material asphalt
mortar, the basic physical properties have theedest
results of penetration 97 (1/10 mm), melting point
45.8°, viscosity 121 (sec, 150°), ductility or
extensibility 125 (cm) and specific gravity 1.00 (25°).
The present study uses rock flour as the basieral
filler in the asphalt concrete mixture; then, bydiad
1% of lime or cement to replace the rock flour le t
mixture, for evaluating the characteristics of adph
concrete. Based on the tests, the properties imgud
unit weight, stability value, flow value, void rasnd
void of mineral aggregate (V.M.A.) of asphalt caater
are shown in Fig. 3-7, respectively.
The unit weight can reflect the compressionsidgn
(d) of asphalt concrete and the on-site test requikes o
95% of the laboratory test value. Usually, the kigthe
Fig. 1: Typical damages of asphalt concrete (a)ngit unit weight, the longer the life of asphalt coneret
deformation, (b) road surface bleeding, (c)pavement. The curves in Fig. 3 showed that the rock

cracking and (d) stripping. floor exhibits a higher unit weight and the highesiue
occurred in 5.5% of asphalt content, while the Bigh
MATERIALSAND METHODS value of the other two additives occurred at 6% of

asphalt content. For durable and economic concerns,

In order to evaluate the effectiveness of addstive h KAl better choice. but the ff
the mixtures of asphalt concrete, a series of éxgaits . € rock Tiour seems a betier choice, but he wdfiee
is small for long term usage.

according to the codes of ASTM and AASHTO must be The stability value represents the ability to sesi

performed to determine which filler has a betterd f ion d hicle loadi h N
erformance in preventing road surface strippinghke eformation due to vehicle loading. The curves ig. F
P 4 showed that the rock flour with 1% lime can proglu

present study, there are three types of matefiak fi higher rigid road surface at 5.5% of asphalt et
including graded aggregate, asphalt material angniie the rock flour with 1% cement produces a lowe
mineral filler used for various relative tests he flow stability value despite more asphalt (6%) is reeghifor
chart displayed in Fig. 2. this case.

It is noted that during theses tests, the aggesgat  The flow value denotes the deformation of asphalt
such as rocks and sand are taken from the rivebed concrete after damage. From the curves of Fig. Gri
the Kaoping River which is located in the southeant  pe found that the flow value or the flexibility is
of the island of Taiwan. The asphalt mortar with yroportion to asphalt content for three additivms, the
penetration 85/100 is obtained from China Petroleuntase of rock flour with 1% lime has a tendencyittdnf
Company. Besides, the rutting test machine Ofkne code value more suitably.
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Fig. 2: Flow chart of various tests for asphaltaete

An adequate flexibility of asphalt concrete mayver®  may slightly increase the void rate, which is gdod
road surface cracking from repeated vehicle loaling  preventing road surface bleeding and rutting.

As the existence of a high void rate in asphalt As shown in Fig. 7 is the V.M.A. versus asphalt
concrete may cause road surface stripping due toontent. The curves showed that the V.M.A. is
intruding water, road surface bleeding may occur ifdecreased with increasing asphalt content, after
there is no sufficient void rate in asphalt coner@thus, reaching a point, it becomes in proportion to the
the void rate is important because it can affe& th content of asphalt. The case of rock flour with 1%
durability of asphalt concrete pavement. In Figt 6an  lime seems to have a higher V.M.A. Which may
be seen that the void rate is decreased with isgrga contain a sufficient amount of asphalt in the migtu
asphalt content for three additives. Both the casfes to enhance the quality and durability of asphalt
rock flour with 1% lime and with 1% cement fillers concrete pavement.
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Fig. 8: Resilient modulus for three classes of taeh
Fig.5: Flow value versus asphalt content for three at10°C
additives

Based on this principle, the Marshall's design ealu

By taking the data sets of unit weight, stability 0" €ach item are displayed in Table 1, which is
value, flow value, void rate and V.M.A. Versus asph mportant to control the quality and constructidntie
contents and by using a second order regressioisphalt concrete.
equation to generate relative curve for each it€he The experimental results exhibited show that all
Marshall's design method employs the regressiorflesign values for the three cases of additiveditee
curves to find the largest unit weight, the largestin the applicable codes. The case of rock flouhwifo
stability value and the mean void rate. Then, tagtbil cement has a very small difference in the casedif r
content of asphalt concrete is determined from thdlour of the five design values, but the case akrbour
averaged value of asphalt content with respechéo t with 1% lime has a higher stability value and a dow
above three items. flow value among these cases.
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That is, although a little bit higher oil conterg i of additives
required in the case of rock flour with 1% limetas o o o _
mineral filler, this case does have a propertyigher ~ Meanwhile, it should have sufficient elasticity dher
rigidity and lower flexibility, which implies thathis  resilient modulus) during a relatively high temgare
case may increase the durability and usage lifetfer to resist the rutting deformation. Therefore, iristh

asphalt concrete road surface. study, the asphalt concrete specimens are tester un
The resilient modulus test is mainly to measuee th temperatures 10, 25 and 40°C, respectively.
elastic deformation of asphalt concrete under wfie From measurements as shown in Fig. 8-10, it can

temperatures. An ideal pavement should have a godoe seen that there is not too much difference sifieat

viscoelastic property (lower resilient modulus)idgra  modulus at 25° for the three cases of additives. &u

relatively low temperature to hold the vehicle load the lower temperature 10°, the case of rock floith w

stress on preventing pavement cracking. 1% lime tends to have a lower resilient modulus.
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Table 1: Marshall's design values for each mingéHat

60°, the result in Fig. 13 showed that multipleay@mnd
much more rutting deformations may be existed iat th

Items rock flour r.f+1%  r.f.+1% codes high temperature
— Lime cement In three cases of additives, because thk floar
Unit weight (kg/rm) 2370 2.368 2372 - with 1% lime may decrease the flow rate and in@eas
Stability value (kg) 1222 1327 1236 >600  the stiffness of asphalt concrete, this test protred
Flow value (0.01") 1425 1310  14.23 8~16  this case can generate a lower rutting deformaition
Void rate (%) 3.45 3.35 343 3~5 each temperature condition. To further enhance this
V.MLA. (%) 13.70  13.90  13.80 >13 statement, by calculating the slope of a straighe |
Best oil content (%) 53 55 54 _ from the curve of the cycle and deformation and by
taking the ratio of deformation and rolling timénet
dynamic stability and the rate of deformation foet
Table 2.  Fundamental physical tests for each mirfides three additives are displayed in Fig. 14 and Fig. 1
Sieve number (mm) Percentage of passing weight The curve of dynamic stability has a similar
rock floor Lime cement codes tendency for three additives, but it decreaseddipit
#30 (0.60) 100 100 100 100 temperature 45°. The case of rock flour with 1%elim
#50 (0.30) 100 100 100 95 100 has a higher dynamic stability value, which mayehav
: better ability against the rutting deformation. In
#100 (0.15) 98.6 992 984 — addition, the rate of deformation exhibits very #ma
#200 (0.075) 72.7 925 921 70,100 differences at temperature 25° in the three cases o
Specific gravity 2.69 238  315— additives, but the difference becomes more siganific
Plastic index No — — 4 for the higher temperatures. The results also stz

the case of rock with 1% lime may have a bettelitgbi
0.15 against the rutting deformation as it has a smadés
—+— Rock flour of deformation.

0.12{ - r.f. + 1% lime Because the degree of stripping for asphalt coacre

& - ©f + 1% cement can be varied with different additives, in thisdstuthe

§ 0.09 Marshall's retained strength method and the boiling

g method are used to check the anti-stripping caipabil

5 0.06 of the additives. According to the best asphaltteon

A to make asphalt concrete specimens with different
0.03 additives, the Marshall's test showed that theimeth

strengths are 86.2%, 96.0% and 92.9% for rock flour
rock flour with 1% lime and rock flour with 1%
cement, respectively. All three cases pass the code
requirement (75%), but it is clear to see thatdase of
rock flour with 1% lime has a higher retained sgtbn
and thus may provide a better performance in
preventing road surface stripping.

The boiling test is a simple way to check the
phenomenon of asphalt concrete stripping, but the
drawback of this method is the man-made errors. To
asphalt mixture can achieve a better performartberei reduce the errors in this observation test, theemtresults
at low temperature or at high temperature. are obtained from the averaged value of three pgsrand

In the Taiwan area, the average road surfac¢he percentages of wrapped asphalt in the gra9s,
temperature in the winter season is about 25°irbiite  99.8 and 98.3% for rock flour, rock flour with 1%mé
summer season, it will rise up to 60°, which isrotree  and rock flour with 1% cement, respectively. Tlist @also
melting point 45° of asphalt mortar. As asphaltarete  verified that the case of rock flour with 1% limanc
is a temperature sensitive material, rutting defdiom  increase the ability of anti-stripping.
is one of the primary reasons to cause road danmage From the above experimental results, it may
Taiwan. Thus, it is necessary to check the pavememonclude that the case of rock flour with 1% lirseai
deformation due to vehicle tire loadings. better choice for using in asphalt concrete mixture

Basically, there are three types of ruttingBut why is lime relatively more effective than
deformation; consolidation rutting, lateral plastic cement? By analyzing the fundamental physical
movement and mechanical deformation are found iproperties of each additive as seen in Table 2aiit
practice. As the experiment results in Fig. 11vehioe be found that the lime has the smallest specific
consolidation deformation should be the type ofgravity and the large percentage rate in each sieve
temperature equals to 25°. As the temperature esachnumber. That is, the relatively lighter unit weight
45° and as shown in Fig. 12, in addition to thelarger fineness and rougher grain surface of linagy m
consolidation deformation, the lateral movement mayfill in the void of asphalt mortar more densely.
also be occurring in this case because of th&herefore, it exhibits a better performance in save
approaching melting point. As the temperature bexom items of experimental results.
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In addition, it also exhibits a higher resilient edus at
the higher temperature 40°. That is, this fillertire
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Surely, one may argue that the case of rock flour
with 1% cement has also a similar effect as the
difference is small and is within the range of theil.
standard deviation. The statistical methods andng |
term on-site evaluation may be used to assesguke t o
variation in effect. However in practice, bothdil§ are
cheap and can easily be used in resisting asphalt
concrete stripping, the lime seems to perform #igh 3
better at least in the present laboratory workltesu '

CONCLUSION

Based on the applicable codes, a series of.
experiments have been conducted in this study to
evaluate the effectiveness of anti-stripping materi
with the mixture of asphalt concrete. Three casies og
additives including rock flour, rock flour with 1%me
and rock flour with 1% cement were analyzed to make
comparisons. The experiment results have showrirthat 6
the conventional mineral filler such as rock flothre :
addition of lime or cement in the mixture did hahe
advantages of increasing the viscoelastic propanty
the stiffness and compactness to reduce negative
impacts on the asphalt concrete road surface.

In particular, by adding 1% of lime in the rochdr 7.
as the filler, several positive data could be otedi
including:

A higher stability value,

A lower flow value,

A higher retained strength,

A higher percentage of wrapped asphalt in thed:
grains,

A lower resilient modulus in low temperatu®{)
but a higher value in high temperature (40°),

A higher dynamic stability and

A lower rutting deformation rate.

No o hwNE

These results might have proved that the case 0]f1
rock flour with 1% lime could increase the abilitief
anti-stripping and resist the rutting deformationda
thus might increase the durability and usage [fféhe
asphalt concrete road surface.

The present experimental study has been limited to

the case of adding 1% anti-stripping material ie th 13.

asphalt mixtures. The results have shown thatdt di
have a better performance than the conventional ofp
fillers, but the evaluation of including different
percentages of additives in the mixtures was not
considered here. Additionally, the results of tsiady
were obtained in the laboratory, which might requir
long term on-site tests to examine the differenue @
further check the usefulness of each test. Abolyehe
present study has complied with the applicable spde
and previous research based on the topic of prienent
road surface damages. The results might provide a
useful reference when constructing a road withoregji
characteristics similar to Taiwan'’s.
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