- 2 APR 2004 ADDI TI VE FOR DRAI NAGE ASPHALT PAVEMENT M XTURE FI ELD OF THE

| NVENTI ON The present invention is related to materials for the productlﬁn
of 5 asphalt pavenent. In particular, the present invention is r ellahP8d0fko
materials for the production of asphalt pavenent w th good drai nage
properties and nmethod of using the same. BACKGROUND OF THE | NVENTI ON 10
Asphal t pavenent m xes comonly used for paving roads contain three main
conponents : mneral aggregates bitunen bi hders and fillers. The
aggregates are generally graded stones passing 20nm sieve size. Fillers
are fine particl cADBNTIVESFORIDRANAGE | ASPHALTEPAVEMENT MIXTBEREEt ween
the stone aggregates. Bitunen is used to bind the stones and 15 fillers
together. In recent years, polyners or shredded tyre dust have been added
to some dense m xtures. These conponents are mxed together to forma
pavenent typically with voids of around 3-7% These types of mxtures are
general |y known HELIEGE THECINVENTION¢ of hydrated |inme on.dense m x
pavenent as mneral filler 20 and anti-stripping agent is known in the
art. Stripping refers to Ioss of structure frommoisture, In the prior art

docunent Use of AePNt; 'l'r‘f‘;(en"‘l’f" ASpreiatedply, imateriple: ferethey wspdustion 1§ t he

Nat i onal L| me Assog tion (1984), Kennedy discusses the nechani sm of
stripping ahd pASPBd Spavezng{piR Inopartisulatetthg dpresent risyention isTrelstednde hods
i ncl ude achi evi ?r? adequa

aterials for the production of asphalt pavement with good drainage

properties and method of using the same.

BACKGROUND OF THE INVENTION

10 Asphalt pavement mixes commonly used for paving roads contain
three main components : mineral aggregates bitumen binders and fillers.
The aggregates are generally graded stones passing 20mm sieve size.
_Fillers are fine particles of less than 75um to fill up the spaces or voids
between the stone aggregates. Bitumen is used to bind the stones and
15 fillers together. In recent years, polymers or shredded tyre dust have
been added to some dense mixtures. These componenté are mixed
together to form a pavement typically with voids of around 3-7%. These

types of mixtures are generally known as dense mixes.

The use of hydrated lime on dense mix pavement as mineral filler

20 and anti-stripping agent is known in the art. Stripping refers to loss of
structure from moisture. In the prior art document Use of Hydrated Lime

in Asphalt Paving Mixtures published by the National Lime Association

(1984), Kennedy discusses the mechanism of stripping and proposes



conpaction to reduce air voids and thus prevent penetration by moisture
into the m xture; providing adequate drai nage by rapidly renoving surface
wat er from the pavenent through adequate pavenent el evation 5 ab@viPRt g,
water table; or the use of treatnment nmaterial to prevent noisture
penetration. Hydrated lime is one of the nost effective methods of
treating aggregates. It has been suggested that |line inproves noisture

resi stance by the bonding of calciumw th he sili ﬁat es idn thg aggr egat e],c
and by a possible nteraction or ification of the acidic _ 10 portions o
t he a}s/phalot. I n @8“@"%618 s{f?%"mt-cﬁiﬁ%s Qﬁ?%%t‘@gluﬁﬁv@“‘lﬂ?"ﬂng pﬁd@ﬂ??tel _
surface coatings, the pozzolanic reaction between the calciumin the line
and the sili cagi%mﬂ%d N9 TRALPe siro(Rids pgd v Pravest G’ﬁﬂgtrﬂt'@aﬂ?’. mpistunehi s
rior art report. in which mxtures giving a target air void of 7% was
5sed f or tesltoi n Pf%g'a?amwﬁ%: nBVQX/&g”Qhéqﬂqlﬁiebéf%ma@ﬂ!fb}tttﬂp@dlmmommgw
i nproving the i sfure resistance of asphalt m xtures when applied _
directly to the SA’E’%\‘F&I Watgr fom thepaKement fuough adenuate pavement elevativawn as
drai nage m x. Th mai n difference between drai nage nm xes and dense m xes
is that the® a veothe, gvatsr itableheotdthe risge ob dvaatment | matergheto, prywemal | y
in the 20 range of about 15-25% This is achieved by using angul ar stones,
‘a pol yner - nodi fMeigtusetnenetrativmddydiated limedsmine @aherhest effectios mehivsisng
or elimnating the fine aggregate conponent fromthe m x. Drainage
pavenents, due tab trhating grggregatsist yii ldd dwenatserygestedr ahat dimécirhpyrdvsough
the pavenent structure, thereby inproving driving conditions during wet 25
weat her. Furt hemeisture mesistanoe! byttherbdrelind)@f TaldiyNGith the Mllideesmtinel - 2
APR 2004

aggregate, and by a possible interaction or modification of the acidic
10 portions of the asphalt. In some cases in which the aggregates have silt
or clay surface coatings, the pozzolanic reaction between the calcium in
the lime and the silica in the clay will occur, forming calcium silicate. In
this prior art report, in which mixtures giving a target air void of 7% was
used for testing, hydrated lime was shown to be an effective means of
15 improving the moisture resistance of asphalt mixtures when applied

directly to the asphalt mixes.

Another type of asphalt pavement is known as drainage mix. The
main difference between drainage mixes and dense mixes is that the
amount of voids in the drainage pavement is higher, typically in the

20 range of about 15-25%. This is achieved by using angular stones, a
| polymer-modified bitumen binder (for example Cariphalte), or reducing
or eliminating the fine aggregate component from the mix. Drainage
pavements, due to the high porosity, allow water to drain directly through

the pavement structure, thereby improving driving conditions during wet

25 weather. Furthermore, noise pollution to the surrounding environment of



3 the road is reduced due to the cushioning effect of the air pockets.
This type of mx, therefore, is particularly useful in wet C"natﬁﬁz&ﬁ in
densely populated cities in which noise pollution fromroads aré _
environnmental concerns. However, their high porosity also causes drainage
pavements 5 to be prone to noisture damage, resulting in poor durability.
BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1is a schematic diagramto show a
conventional method for hydrated |ine production. 10 Figures 2A-C shows
the particle size distribution of types A-C hydrated Iine particles
respectively. Fitharresd3a reduredl dhews thesushionify efieetloftthecli packetst Fhien
pavenent produced according to the present invention as conpared to nornal

drai nage m xes dype aif mirgthessforehds peartidtilglB Abefel imactelimateder FDHEAsel5
bi nder (Fig. 3B). SUWARY OF THE | NVENTI ON The present invention provides,

accordi ng to oneamietet, cites addihichy @oideOpollittim fdeh FOARS afd BRVIrsRmdhyAlr at ed
lime. In one specific enbodinent, the additive is hydrated |inme of 80-100%

Ca(OH)[err] and domsepw. tHaweves) m@iraﬂ?lﬁ“;ﬁirééi@dékérba%eQ -o(?émﬁ%@%a\}é?n%

preferred enbodi nent, the hydrated ime has a purity of around 80- %

Ca 2, ansl a pemtid plopeoZRoisire dantitd, ?8s@tin@irPHOS &iraBily. N the range of
0.(()?-?).5m 73-90% i npt he range of 0.5-75m andg,lo.g- /%1 n the range of

76-300m I n the nost preferred enbodiment, the hydrated linme has a purity
of around 90-98% - 2 APR 2004

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic diagram to show a conventional method for

hydrated lime production.

10 Figures 2A-C shows the particle size distribution of types A-C hydrated

lime particles respectively.

- Figures 3A and B shows results of wheel tracking tests on pavement
produced ‘according to the present invention as compared to normal

drainagé mixes containing Cariphalte (Fig.3A) or normal Grade 60/70

15 binder (Fig. 38).
' SUMMARY OF THE INVENTION

The present invention provides, according to one aspect, an additive
for drainage mixes comprises hydrated lime. In one specific embodiment,
the additive is hydrated lime of 80-100% Ca(OH), and has particle size

20 distribution of 0.05-300um. In one preferred embodiment, the hydrated
| lime has a purity of around 80-100% Ca(OH),, and a particle size
distribution of around 8-12% in the range of 0.05-0.5um, 73-90% in the
range of 0.5-75um and 0.5-7% in the range of 76-300pm In the most

preferred embodiment, the hydrated lime has a purity of around 90-98%



4 Ca(OH)2, and a particle size distribution of around 8-12%in the range
0.05-0.5m 85-90%in the range of 0.5-75mand 1-3%in the rangerzfAPR 2004
76-300m According to another aspect, an inproved drainage mx i§ provided
5 containing aggregates, binders and hydrated |ime. The binder may be

pol ymer - modi fied or unnodified (i.e. nornmal). Exanples of normal binders
are normal Gade 60/70 or Grade 80/100 binder. An exanple of polyner
nmodi fi ed binder is Cariphalte. The anount %f voids in the drainage mix is

at | east about chy ugb_ the . f cangul ar, 10, m ner al

aggr egat es and/ %@E@ﬂgrﬁéat éerﬂél(ré}ogitg Jg%nfjlaﬁ%l?%ﬂ?ggﬁé}gfn{ S??J?T%gfd
drai nage m x hag, ddgt LY i B o

dr ai nage pr opert@idegsq&'sﬁ?lﬁ’%ggr{g@% #decy%%o_fﬂg‘ri?&”ml%dq?ré{&d%(ﬁhe gqlg(ge Of_
conprises 0.5- S%h‘ydg ed linme per dry weight aggregate incorporated into
t he conventi onal E:onﬁlgﬁ'ents of aggregates and 15 binders. In one preferred

enbodi nent, 1-3% hydrated |inme per dry weight aggregate is incorporated

into aggregate afdcpaliygeo amsthéi edpedtj p@eimplovetingrdi®sde RhRl R pRAided
enbodi ?rgnt, the m x conprises around 2% hydrated |inme of 90-98% Ca( OH) 2

per dry weigght eguaétag eagyrefatessBindeds YIRT hyREitEd fhdi ﬂ@l@'bﬁlde@%hﬁ‘ub:ee 4 as

further aspect, both dry hydrated linme and wet |inme slurry nay be

the additive. Apblrmatrueifigd @trhahw@uw@dem.epq%drﬁgghm&%pf&s & QPrMﬁFd

instead of hydrated linme. The nethod of use is a given'in in the

];n'OL: gWi ng det ai bpdefeafd hBirhANGrle %ﬁﬁ’oﬁ@%cﬁfggfggoi‘:@ﬁgég %P ekdifipleSbEPS Of
g hydrated |linme, mneral aggregates an

polymer modified binder is Cariphalte. The amount of voids in the

drainage mix is at least about 15%, achieved through the use of angular

10 mineral aggregates and/or reducing the amount of fine aggregates. The

improved drainage mix has increased durability while maintaining the

required drainage properties. In the specific embodiment, the improved

mix comprises 0.5-5% hydrated lime per dry weight aggregate

incorporated into the conventional components of aggregates and

15 binders. In one preferred embodiment, 1-3% hydrated lime per dry

weight aggregate is incorporated into aggregate and polymer modified

binder. In the most preferred embodiment, the mix comprises around 2%

hydrated lime of 90-98% Ca(OH), per dry weight aggregate with 4-5%

polymer-modified binders.

20 In a further aspect, both dry hydrated lime and wet lime slurry may be
used as the additive. Alternatively, other divalent cation hydroxides are
used instead of hydrated lime. The method of use is also given in detail
in the following detailed description. Briefly, the method comprises the
steps of mixing hydrated lime, mineral aggregates and binder into a

25 mixture; pouring the mixture onto a base course; and compacting the



25 m xture; pouring the m xture onto a base course; and conpacting the - 2
APR 2004 5 mxture such that a drai nage asphalt pavenent contai ning voids
of at least 15%is formed. - 2 APR 2004 6 DESCRI PTI ON OF THE PNVM@%M&JThe
foll owi ng detail ed description describes the preferred enbodi nent for

i npl ementing the underlying principles of the present invention. One
skilled in the art should understand, however, that the followng 5
description is nmeant to be illustrative of 8% he present invention, and
should not be copstrued . as Limiing the principles discussed herein. In
addi tion, cert a'i“ﬁ&lf'r rﬁ'édbiiéatug a'f‘%SSUEﬂQEH’PPﬁgeW‘Sm SRPRNIRE s¥RIdB 9ot and
clains to refer to Li?ular conponents or material. As one skilled in
the art wll adﬁ?ﬁtcf%é,s AiMeLr ent conpanies may refer to a conponent by
different 10 nanes. This docunment does not intend to distinguish between
conmponents that differ in name but not in function. In the follow ng

di scussion, and in the clains the terns "containing", "including", "having"
and "conprising" are used in an open-ended fashion, and thus should be
interpreted to nmean "including but not limted to ....... ". 15 As used

herei n, dense asphalt pavenent refers to a pavenent that has a target void
| evel of 7% or | ess and does not allow significant water drainage

t her et hrough. Drai nage asphalt pavenent refers to a pavenent that has a
target void | evel of 15-25% for the purposes of allow ng water



to drain through. 20 Dense mix refers to an asphalt m xture that contains
conponents that, when mxed in the standard batch or continuos m xi ng
process and paved onto a road surface would produce a dense asphgiRt200k
pavenent. Drainage mx refers to an asphalt m xture that contains
conponents that, - 2 APR 2004 7 when m xed in the standard batch or
continuos mxing process and paved onto a road surface would produce a
drai nage asphalt pavenent. Void refers to &ir pockets or air voids present
in a formed pavenent and is typically estimated by nmeasuring the bul k
density of the rPDES&RIPMON OFLTHE! INYENTION e vol ume occupied by the
aggregates and binders. Filler refers to fine material added to the m xes

f
roert ot oy b COPETAPAIED Bl AT SRR BRRIS ol bl
10 el ati ve
esi stance of mt rymeaenRe BE YAREhiE Rkl Rhihe besas keaton,One
bef af t th | at e
o e K™ " Fhe ShEDSASUGS Bebrytady Suvaat ihseithe! Tolfkring

test. The Texas |I| fest is a visual assessnent of the relative
stripping resi st E@p I5i maant @g%‘? diysirative of therpresentinventinnitasd showd
additive is conS|dered to have inproved durability if one or nore of the

test results shéWt PWHH@Ht%U@N%&e panaiples xdisgussedt herginr. dnetiditiors
additive. Hydrated |line as an additive for drainage m xes according to the
certain terms are used throughout the following description and claims to

refer to particular components or material. As one skilled in the art will
appreciate, different companies may refer to a component by different
10 names. This document does not intend to distinguish between
components that differ in name but not in function. In the following
discussion, and in the claims the terms “containing”, “including”, “having”
and “comprising” are used in an open-ended fashion, and thus should

be interpreted to mean “including but not limited to ....... "

15 As used herein, dense asphalt pavement refers to a pavement that has
a target void level of 7% or less and does not allow significant water
drainage therethrough. Drainage asphalt pavement refers to a pavement
that has a target void level of 15-25%, for the purposes of allowing water

to drain through.

20 Dense mix refers to an asphalt mixture that contains components that,
when mixed in the standard batch or continuos mixing process and
paved onto a road surface would produce a dense asphalt pavement.

Drainage mix refers to an asphalt mixture that contains components that,




present invention maybe produced using standard nmethods. In another 20
aspect, the Type C hydrated line is the nost preferred naterlaLéaﬁRz@?
additive. The various types of additives and the nethods of produci t he
same, and their use in drainage m xes are described bel ow. Replacenent Page
17 Nov 2000 2 APR 2004 8 Production of hydrated lime additive Referring to
Figure 1, the hydrated lime (Ca(O{)2) additive according to the present

i nventi on may be produced by standard |inme’processing 5 techniques.

Typically, this I t he Qié.;ﬁ n ' i

cal ci nati on of I‘é’%‘gtrﬁﬁ%d(@a% (%r r d,raf% g\zgjdgérf/{'% gﬁ?ﬁﬂ %5%5%‘?:2?”?;9 s
uick lime to f e strea

gomet i mes perf ordryevghm 62&} gjédsée'gfaec% go]?rqz %rﬁgugé:%oéfgﬂ'%y% ?Sr@ﬂ]n?l ‘quﬁ'f'en%t hese
optional steps are shown in dotted |ines. One net hqd of 10 downstream
processing is theVeidgetsirs & mirqmukets or air voidsgpesatt én atformed pasemsat andal

fromthe fine material. If this step is perfornmed, the fine nmaterial

obtai ned is ref dstypically estirhgieelsbyA\mdaisuring thydnit densityref thalafieadingenn t he
size distribution. Figures 2A-C show a specific exanple of each of the

particle sige Kubtiasting bfftthevoimé lecupieddytie egordgdiss bAtasinierE Filler
particles. In the exanple of a Type A hydrated I'ime shown in Fig.2A a

relatively narr oeferang€insimgteridl atilb@UbitAe mixes fo Y6 &lir pbexdty Bethvedn! | e
particles between 0.5-75[err]m The Type B hydrated |inme exanple shown in

Fig. 2B shows anhe isturRy aggteghfossi ze distribution, with approximtely 93%in
the 0.5-75[err]m

Durability of a material may be determined by measuring the Marshall
stability, tensile strength, resilient modulus, and resistance to moisture

10 damage. Relative resistance of mix types against moisture damage may
be assessed by comparing their structural properties before and after the
simulated weathering treatment, including Texas boiling test and wheel
tracking test. The Texas boiling test is a visual a.ssessment of the relative

stripping resistance of binder aggregate.

15 ‘A mix with hydrated lime additive is considered to have improved
durability if one or more of the test results show improvement over the

same mix without hydrated lime additive.

Hydrated lime as an additive for drainage mixes according to the

present invention may be produced using standard methods. In another

20 aspect, the Type C hydrated lime is the most preferred material as the
additive. The various types of additives and the methods of producing the

same, and their use in drainage mixes are described below.




20 range and 6% in the 0.05-0.5[err]mrange. The Type C hydrated |ime
exarrplg shown in Fig.2C shows the broadest si ZEpﬂjcSﬁléllltl]ié%éon, with approx.
88%in the 0.5-75pmrange; 10%in the 0.05-0.57eNdspgpande ang APR.JE% i n t he
76-300[err]mrange. Table 1 shows the general range of the 3 types of
hydrated line. - 2 APR 2004 9 TABLE 1 Particle size Hydrated Lime Hydrated
Lime Hydrated Linme (gm Type AType BType C 0.05-0.50%3- 998- 12%

0. 5- 75100%85- 95%3- 90% 76- 3000%0- 0. 5%0.%- 7% For practising the present
invention, wet slurry or dry hydrated line powder of types A B and C and
hydrated line that has not gone through 5 size separation may be used. The
preferred concentration is 0.5-5%dry weight of aggregate. The nore .
preferred concentration is 1-3% per dry weight of aggregate. The nopst

el s known: Enop RAAdIrhORENRACBAREE. LY, " Nes o forma. 10 weter
resistant barri eﬁ. Accor dlé_ng to i‘E he ngﬁ?a;ﬁirr:}ei i nvgﬁi (r)agd 'hyd;qﬁo?«g I lorre can
al so be used forRelegIngierfdgwadnthey (Ga(oH)gr additage g
the present invention may be produced by standard lime processing
5 techniques. Typically, this involves the production of quick fime (Ca0) by |
calcination of limestone (CaCOQ,), followed by dfy or wet slaking of quick |
lime to form hydrated lime Ca(OH),. Further downstream processing is
sometimes performed for size segregation and removal of impurities.
these optional steps are shown in dotied lines. One method of
10 downstream processing is the use of air separators to separate the
coarse material from the fine material. If this step is performed, the fine
material obtained is referred to as types A, B or C hydrated lime,

depending on the size distribution.

Figures 2A-C show a specific example of each of the particle size
15 distribution of the three types of hydrated lime particles. In the example of
a Type A hydrated lime shown in Fig.2A, a relatively narrow range size
distribution, with 100% of the hydrated lime particles between 0.5-75um.
The Type B hydrated lime example shown in Fig. 2B shows an
intermediate size distribution, with approxirmately 93% in the 0.5-75um
20 range and 6% in the 0.05-0.5um range. The Type C hydrated lime
example shown in Fig.2C shows the broadest size distﬁbution, with
approx. 88% in the 0.5-75um range; 10% in the 0.05-0.5um range and
1.5% in the 76-300um range. Table 1 shows the general range of the 3

types of hydrated lime.




whil e maintaining the drainage required for drainage mxes. Results (not
shown) show that adding hydrated line to drainage m x does not ngf"@ﬁfl y
affect the structural properties of the resulting pavenent.
HYDRATED LI ME FOR | MPROVI NG THE STRUCTURAL PROPERTI ES OF DRAI NAGE M XES
The addition of 0.5-5%of hydrated |line may be added to drai nage m x
according to the present invention to |rrprove one or nore structural - 2
APR 2004 10 properties of the resulting drai nage pavenent. |n anot her
preferred enbodiment, 2% hydrated |line dﬁ (cji,ed to a drainage mx. In the
nost preferred enbodl ment, 2% Type C hydr ate Iirre is used. Table 2 shows
a study of Marstrait—stabrtTtyof—paverent—roducet—S—aeqore ..g +o—the
present inventi ln these | es 2% dry wei ght Type |A or C hydrpated
line per dry (e Eﬁfu‘é 9 §PEgat e% fedibime o 5{% &ithexds "b&ﬂ@@%ﬁ-lﬁgé4 5%
ei t her nor mal Grade(mn)' 70 bi turrerﬂ')que ACari |chal t'éy;iepBI ymer|- rmleTypecC bi ndgr) .
The use of all Eﬁ/aes of nyurdt ed T mETcTreases the—wirstratt—stabt+j vy
of the resultant emrent 0740 wi trr TypS-8%hydr atled | ir#2%howi np
t he hi ghest incr ease Tvoe additive also]linproves resilli ence nodul us pf
both the normyl | ymer rmdl bi nd 7% (resul shojwn) .
TABLE 2 Type ¢f hy (rj%?gd | Chan%@g Va sha¥151§§%‘b| litly Tyzé'%)f%dr ai hage
m xaddi ti ve (3%9corpared—te—jro—additive—control
: 76-300 0% 0-0.5% 0.5-7%

For practising the present invention, wet slurry or dry hydrated lime
powder of types A, B and C and hydrated lime that has not gone through

5 size separation may be used. The preferred concentration is 0.5-5% dry
weight of aggregate. The more preferred concentration is 1-3% per dry
weight of aggregate. The most preferred concentration is around 2% per

dry weight of aggregate.

Hydrated lime is known in the art to react with asphalt mixes to form a

10 water resistant barrier. According to the present invention, hydrated lime
can also be used for the improvement of durability of drainage mixes

while maintaining the drainage required for drainage mixes. Results (not
shown) show that adding hydrated lime to drainage mix does not

adversely affect the structural properties of the resulting pavement.

15 USE OF HYDRATED LIME FOR IMPROVING THE STRUCTURAL

PROPERTIES OF DRAINAGE MIXES

The addition of 0.5-5% of hydrated lime may be added to drainage

mix according to the present invention to improve one or more structural



rior to weatherin rocess Pol ynmer-nodi fied bi nder Type A+0. 76kN (7. 8%

Igol ymner - nodi fi ed bignger Type B+2.15kN (22.0% Pol ymer-nodified birpd ARRTIB e
C+2. 74kN (28.0% Nornmal binder Type A+1. 38kN (15.4% Normal binder Type

B+1. 35kN (15.0% Nornal binderType C+2. 77kN (30.8% - 2 APR 2004 11 USE OF
HYDRATED LI ME FOR THE | MPROVEMENT OF DURABILITY OF DRAINAGE M XES 1-3%
hydrated line is added to inprove the durability of drainage m xes against
nmoi sture damage. In the preferred enbodi neh®, 2% hydrated line 5 is used.

In the nost pref ; ' % Type  C hydrated. | |ne i added to
dr ai nage ni xes. @E%ﬂgaet%g%qélgenﬁsg{t%% %gg}zl?f f"‘gegﬁﬂhuk} @@Q??Frafégd r\:(Tﬁ
effectiveness q . sept .1 Qv i.on. . speci nens were,tre (
120 cycl es of V\éergpﬁg'ﬁénrg’ ggﬁﬂi’&&?% I'Q}}%fﬁﬁd%i?? ﬁt rﬁW@g?-W%lrmg&t?l’ggZﬁdleL .
cycle, before | ' ested far Marshall stabil|jty.and resili .
T)altbl e 3 shows t e'B%JF‘?deéF‘%Pg"‘P i?i/‘épr?réjnyé@t%f* l"@? Ia4884i on of Types A, B
or C hydrated linme to drainage m xes containing 4.5%normal Gade 60/70
bi nder or pol ymer Tabied2f ishdwsi adstudy TABMarshally Batillty of iepent PRoddiiyge in
Resi | i ent NModul us
5 according to the present invention. In these examples, 2% dry weight

Type A, B or C hydrated lime per dry weight aggregate was added to

drainage mixes containing 4.5% either normal Grade 60/70 bitumen or

Cariphalte (polymer-modified binder). The uée of all 3 types of hydrated

lime increases the Marshall stability of the resultant drainage pavement

10 with Type C hydrated lime showing the highest increase.

Type C additive also improves resilience modulus of both the normal

and polymer-modified binder by 15-17% (results not shown).

TABLE 2
Type of drainage mix Type of hydrated lime Change in Marshall stability
additive (2%) compared to no additive control

prior to weathering process
Polymer-modified binder Type A +0.76kN (7.8%)
Polymer-modified binder Type B +2.15kN (22.0%)
Polymer-modified binder Type C +2.74kN (28.0%)
Normal binder Type A +1.38kN (15.4%)
Normal binder Type B +1.35kN (15.0%)
Normal binder Type C +2.77kN (30.8%)




Type of drai nage m xaddi tiveconpared to no additive control after the
weat hering process Pol yner-nodi fi ed bi nder none- 13. 0% Pol yner - nodi f,i ﬁd
bi nder 2% Type A+11. 1% Pol yrer - nodi fi ed bi nder 2% Type B+68. 1% - 2 APR 2004
Pol ymer - nodi fi ed bi nder 2% Type C+76. 9% Nor mal bi nder none- 1. 1% Nor nmal
bi nder 2% Type A+88. 3% Nor mal bi nder 2% Type B+25. 5% Nor mal bi nder 2% Type
C+37.9% 15 - 2 APR 2004 12 The pol ynmer-nodified binder mx w thout
hydrated |ine suffered a significant decrease in resilient nodulus after
the weathering treatnment, while the normal m x was unaffected. The
addi tion of the YSEcOFtYBRATED HIMEAFOR THE IMPRGVENMENT OFIhU FRFIULYE
significant increase in resilient 5 nmodulus for both normal and
pol ymer - nodi f i edOBIDRIBINAGEMIXERYpe C was found to be nost effective for
the polyner-nodified binders, while Type A was nost effective for the
nor mal bi nders. Fiyg. nd 3B further show that resistant to rutting of
t he normal bi ndef'b% 5%@%’ OV € ‘@9 onirrgKe the gurability efdsajnaigpnmmixes
nodi fi ed bi nder.. ?I'hc?r ef.ore, in acc rdﬁgce wi th one aspect 10 of the present
i nvention, draid¥a¥ m%{é‘f%&]ﬁm%-%t Prefermed risbodimentcd% hydrptastlime
dr ai nage pavenent t a{n E‘aeve the sane durability as polynmer nodified

S

bi nder. Sinte thHSe Mast preferredosmbedirasty 20k altypef Cplydrated, lime is

added to drainage mixes.

Laboratory simulation tests were conducted to assess the effectiveness
of the present invention. All specimens were treated with 120 cycles of
weathering comprising 2-hour wetting and 2-hour drying per cycle, before

10 being tested for Marshall stability and resilient modulus. Table 3 shows the
effect to resilient modulus after addition of Types A, B or C hydrated lime to
drainage mixes containing 4.5% nofmal Grade 60/70 binder or polymer

modified binder.

TABLE 3
Type of drainage mix Type of hydrated lime Change in Resilient Modulus
additive compared to no additive control

A after the weathering process
Polymer-modified binder none -13.0%
Polymer-modified binder 2% Type A +11.1%
Polymer-r_nodiﬁed binder 2% Type B +68.1%
Polymer-modified binder 2% Type C +76.9%

Normal binder. none -1.1%

Normal binder 2% Type A +88.3%
Normal binder 2% Type B +25.5%
Normal binder 2% Type C +37.9%

15



the present invention reduces cost of drainage m x production by using, in
one enbodinent, a line additive on a nornal binder to give the sane 15
performance as a pol ymer-nodified binder. If further performancel APR 2004
enhancenent is required, the linme additive may be added to conventional
pol ynmer - nodi fi ed m xes according to anot her enbodi nent of the present
invention to produce a superior drainage pavement. Test results (not shown)
al so reveal ed no significant deteriorati on]:uz nI I Z?hNar shgld! t'St 2b| : ;r:)?lo\(fgg to
rin rocess. In addition, the use of al ree additives
\tNﬁgt gﬁr abigl !Oty gfh%o‘?ﬂym%'égo‘gf'e‘élr Rindggemix xwishouts hydraded aliree byffered \theel
Tracking Test as sphown in Fig. 3A and 3B. Type B was found nost effective
for the normal SHECAfiIqcreghe ia replipat weodulug afigirfther waaibering treatment,
performance of the three types in polynmer-nodified 25 binders. Replacement
Page 17 Nov 2008le heapprmalomix vamneffacishoher edditios aff thEethese bypdsi oy
test conducted using 2% Type A, B or C hydrated I.|.rre on t he sane t.wo type
of drainage ni ¥¥erateaylireeehowsver drrought ahguper signifieanieincesasab reresitlei t h
the use of all three types of hydrated |inme. The effect of the boiling
test, as vi8ualMydulus éyrseathngerawl andspoliimepenadified hinder mixest Tyge G waIg Ng,
was nore significant on bigger size aggregates. Finer aggregates tend to.
retain binder Beundio beanosieffentive fagtireepalyarerwhedified BindérsNahilSPghe RUCH
dependence on aggregate size is less significant when line is used. Anmong

the three typesastimpst éfégtivedoeitie ndrmeal tdéree FRESA 4R 8RBTURRSEshow that
resistant to rutting of the normal binder mix has improved to the same level

' as‘the polymer modified binder. Therefore, in accordance with one aspect

10 of the present invention, drainage mixes containing normal binder is used
to produce drainage pavement that have the same durability as polymer
modified binder. Since the cost of lime addition is lower that of polymer,

the present invention reduces cost of drainage mix production by using, in

one embodiment, a lime additive on a normal binder to give the same

15 performance as a polymer-modified binder. If further performance
enhancement is required, the lime additive may be added to conventional
polymer-modified mixes according to another embodiment of the present

invention to produce a superior drainage pavement.

Test results (not shown) also revealed no significant deterioration in

20  Marshall stability due to weathering process. In addition, the use of all
three additives improves the durability of both types of drainage mixes, as
indicated by the Wheel Tracking Test as shown in Fig. 3A and 3B. Type B

was found most effective for the normal binder mix, while there were no
differences in the performance of the three types in polymer-modified

25 binders.



- 10 Type of binder in Type of Aggregate Size (mm m xhydrated 13.0 9.5 4.75
1. 18yRI | Sizes linme adéi tive Pol ymer - nodi f i edNoReSSBRYBPIRSYA 00%

Pol yner - nodi fi ed2% t ype A959059%05%08%08% Pol ynerr NedbfipgdZ% e-2 APR 2004
B95%90%05%95%98% Pol yner - nodi fi ed2% e C98%95%9©8%98%9©8% Nor nmal

G50/ 70None70%60%85%090%95% Nor mal G50/ 702% t ype A90990%400%400%9©8% Nor mal
G560/ 702% t ype B100%®5%05%095%08% Nor nal G60T702% t ype CL00%400%400%4.00%4.00%
Figures 3A and B show results of wheel 8racking tests on pavenent 15
produced according to the present invention as conpared to nomninal drainage
m xes wth 4.5% normal G ade 60/ 70 bi nde;\ (Fi % 313) OL_ pol ymer t_rreglsfl ed

bi nder (Fi g. 3A) Talile4shdnaireauR ofi Pes@s Wolling st B¥AdRISS ubhgDe

pr oduce((j siggns)of failure during the V\Q\’heeg tracﬁ(l5 ngsqjesbg%wfb e 4 - 2

FULLing Tosiatance oF born ak ainacamerd Sbe M angs: M. IRISYEL "1V
rut depths binder coating performance was observed with the use of all three types of
hydrated lime. The effect of the boiling test, as visually assessed based on
5 the percent binder coating remaining, was more significant on bigger size
aggregates. Finer aggregates tend to refain binder better than doarser
aggregates when lime is not used. Such dependence on aggregate size is

less significant when lime is used. Among the three types, type C hydrated

lime had the best performance.

10

Table 4

Type of binder in | Type of
mix hydrated Aggregate Size (mm)
lime additive
. x 13.0 9.5 4.75 1.18 All Sizes
Polymer-modified | None 80% 85% 85% 85% | 100%
Polymer-modified | 2% type A 95% 95% 95% 98% 98%
Polymer-modified | 2% type B .| 95% 90% 95% 95% 98%
Polymer-modified | 2% type C 98% 95% 98% 98% 98%
Normal G60/70 None 70% 60% 85% .| 90% 95%
Normal G60/70 2% type A 90% 90% 100% 100% 98%
Normal G60/70 2% type B 100% 195% | 95% 95% 98%
Normal G60/70 2% type C 100% | 100% | 100% 100% 100%

Figures 3A and B show results of wheel fracking tests on pavement

15 produced according to the present invention as compared to normal
drainage mixes with 4.5% normal Grade 60/70 binder (Fig. 3B) or polymer
modified binder (Fig.3A). Both drainage mixes without hydrated lime

additives produced signs of failure during the wheel tracking test. The



were reduced by about half with the use of hydrated Iinme additives, and no
signs of failure was observed up to 6,000 wheel passes for m-geEPsz[l@]l,h

pol ymer - nodi fi ed binders and up to 5,000 wheel passes for m x Wi

normal binders. Al three types of additives were equally effective for the
m xes with pol ymer-nodified binders, and Type B and C hydrated |ine
performed better than Type A in normal binder mxes. - 2 APR 2004 15 METHOD
OF LI ME ADDI TI ON The hydrated lime my I added to a drainage mx in

vari ous man non- ng _ex s, of nmethods of mxtures are
descri bed be %d't'orgxé@n‘&ng ? StWFai Egﬁf‘ﬁa%ﬂ"%? Wél?roé(gﬁr dpataitiing o a
prem x pl ant Add dr drat ed, I| t or danp aggregates that have
not gone FS%@#P%‘% l&qtzs %980'&’%935/ r%@metw efinixesi heurts deptf her in
a dryer. (d) Load the gy |nto hot bins where their size
gradation i sSV4'E " 8”??% @g’ ﬂ&?é»'sf efdidsateddiraemddiiveaggndgat e of

t he prescrlbed gqailonlnto abatch mxer. (f) Mx in the batch m xer.
(g) Blend i P'¢ 02 '%ﬁe\ﬂa%iqméwedlgp(tﬁ)ﬁQaarwhee! passes doontixes ndth

prescri bed FBT“ nTg course and conpact the wearing course to the desired
corrpactl -moglified binders and up to 5,000 wheel passes for mixes with.

normal binders. All three types of additives were equally effective for the
mixes with polymer-modified binders, and Type B and C hydrated lime

performed better than Type A in normal binder mixes.



Add dry hydrated line to wet or danp aggregates and then spray a smal
anmount of water to the m xture, followed by steps (c) to (h) of Exanple 1.
20 Exanple 3 Spray a small anmount of water onto the wet aggrggq@gzﬁgd t hen
add dry hydrated lime, followed by steps (c) to (h) of Exanpfe 1. 1 APR
2104 16 Exanple 4 Spray hydrated Iime slurry onto danp aggregates to the
desired concentration, followed by steps (c) to (h) of Exanple 1. Exanple
5 Add dry hydrated line onto dry aggregd¥es that have previously gone

t hrough the normal drying process i.e. after steps (a) to (f) of Exanple 1.

Then add sof BDRIEIONO the |ime-aggregates mixture i.e. steps

(g) to (h) of Exanple 1. Exanple 6 lo Add dry hydrated |linme directly into
t he softene i inder d follow steps (a) to (h), of Exanple 1.
Exanpl e 7 Mdgﬁ%byg%m?%'nﬂeom@g rE’\‘?Vi ?ﬁd ttoefg&@%éeesmlén'ﬂ ‘é%ﬂ%&ﬁ Saekat er to
allow the ekl i e, be fully hydrate. Then follow steps (a) to (h) of
Exanmpl e 1. %&')r&%iriogelyﬁ@ngreé@mlg? r‘?\%é’?ﬁ%%ﬁs ﬁg@”ﬂél‘-ﬁ? Aesdesasibedalewcul arl y
with references to the aforenentioned Types of hydrated |ine and drai nage
m xes, it sHexdmplbel understood that the figures and results are for

5 (a) Transport damp or wet aggregate onto a premix plant.

(b) Add dry hydrated lime to wet or damp aggregates that have not gone

through the drying process yet.
(c) Dry this mixture together in a dryer.

(d) Load the dried mixture into hot bins where their size gradation is

10  controlled.

(e) Release a correct amount of aggregate of the prescribed gradation into

- a batch mixer.
() Mix in the batch mixer.
'(g) Blend in the softened binder.

15 (h) pour the mixture onto the prescribed wearing course and compact the

wearing course to the desired compaction.

Example 2
Add dry hydrated lime to wet or damp aggregates and then spray a small

amount of water to the mixture, followed by steps (c) to (h) of Example 1.

20 Example 3

Spray a small amount of water onto the wet aggregate and then add dry

hydrated lime, followed by steps (c) to (h) of Example 1.



illustration only and should not be taken as Iimtation on the invention.
In 20 addition it is clear that the nethod and nmaterials of the present
invention has utility in many applications where the production of @wﬁ@,} e
-drainage mxes is required. It is contenplated that many changes ~dn

nodi fications may be nade by one of ordinary skill in the art w thout
departing fromthe - 2 APR 2004 17 spirit and the scope of the invention
descri bed. For exanple, although hydrated®ine is used as the exanple for

t he present ad@xg'@% in the drainage mx, other alkaline material with
di val ent cations such as dolomte Iinme and magnesi um hydroxi de are

consi dered equivalents. 5 Besides Cariphalte, other types of nodified

bi nders nmay beSPReY ubledrated tlivae dlusiynaapdo nidamyc caggtegateso tohdher eesired

i nvention. These include, but are not |limted to, Glsonite-nodified

bi nders (G | soapaeeritradionAfadiovedrby steps ¢o)i toghiCof Exampte ynt hetic or natural

“rubber-nodified binders, or a conbination thereof. The types of binder
that can be usg%ggﬁ%gdi ng to the I o present invention include, but are not

limted to gra , 60/70, 80/100, 120/150 or a conbination thereof. -

Various types of nodified or normal binder nmay be mxed with the

appr opri at & ni Addatiryabydrageed disnearhto | drjreaggteybiosettat rm@dpe@vibmmyogsﬁe

drai nage m xes and pavenent according to the present invention. 1

Repl acenent patigougl? tie’Roftiak dihg ploodisB i) Qdter steps (a) to (f) of Example 1.

Then add softened bitumen binder to the lime-aggregates mixture i.e.

steps (g) to (h) of Example 1.

Example 6

10 Add dry hydrated lime directly into the softened bitumen binder, and follow

- steps (a) to (h) of Example 1.
~ Example 7

Mix quicklime powder with wet aggregates and spray some water to allow

the quicklime to be fully hydrate. Then follow steps (a) to (h) of Example 1.
15

While the present invention has been described particularly with
-references to the aforementioned Types of hydrated lime and drainage
mixes, it should be understood that the figures and results are for
illustration only and should not be taken as !imitatibn on the invention. In

20  addition it is clear that the method and materials of the present invention
has utility in many applications where the production of durable drainage
mixes is required. It is contemplated that many changes and modifications

may be made by one of ordinary skill in the art without departing from the




CLAIMS 1. An additive when used in drainage m xes for inproving the
durability of asphalt pavenents, said additive conprising hydrated |ine,
said hydrated linme having a purity of 50-99% Ca(COH)2 and having particle
size range falling substantially in the range of 0.05-300[er+}] @PR 2, An
additive according to claim1 wherein said asphalt pavenent drai nage m x
conpri ses stone aggregates and bi nder used for the production of asphalt
pavement containing at |east 15% voids. 3.'7An additive accordi ng to claim 2

wherein sai d bipgieraridstie 8e6p@!of hBdRReRtion "Rt ibEY %Pdéé( nﬁ?,séﬂhggght lve

according to claim3 wherein said binder 1's a nornal

. normal grade 6%'&:%@(! RS - lsﬂgflegg@ gxégfpgé;ﬁ ét??‘zé oY Additiyes ﬂ}e&he

120/ 150 bi nder, | sonite-no
bi nder, nat UraPauﬁ eFm)EmQ ﬁe’r glkghﬂgehat&‘?élygﬁth WA usec(fl?loﬁgf%ggh as

carlphalte 5. Anad|t|ve ralnage m x

producti on of V, selected froma

consi sting essgﬁpﬁgﬁt Im‘?z? %[Hda %’Eéaé &mng'gdf%ﬁesqrﬁmcﬂ?ﬂpﬁgﬁ e® (H'ﬁ\ﬁﬁﬁgisom te.

6. An additjve i.n said hydrated li me having

a purity o 8@8@% qé{%jﬁa@eaﬂﬁeﬁ% 8 'ieﬁ'gi“aﬁ*%fﬁrm% PdﬂCIngﬁﬁ%ﬁh@
8-12%in the 05-0..5 390(V0575 0.5-7%.in the range

of 76 300pm 75%% cﬂ]& ‘3‘88% PE?SO@PEFWG@ Egﬁﬁ%aﬂa(aaspﬁhafe

pavenent drain npri.sin g ates_and bi nder used for the

production of ﬁ@pﬂ%ﬁ@ed p&r ﬁéﬁ?"@% %‘Pﬁ‘i’cﬁ Bigc oreaf@ilsomitey ores. Amercan xt ur e

for the pr oduc Lon d:(’;I i hage as hal t paverrents conpri sing m neral

aggr egat es, H%‘? lggn %id\"‘% egynt @ic or natural rubber-modified ~binders, or a

combination thereof. The types of binder that can be used according to the
10 present invention include, but are not limited to grade 40/50, 60/70,
80/100, 120/150 or a combination thereof. Various types of modified or
normal binder may be mixed with the appropriate mineral éggregates and
‘lime additive to produce improved drainage mixes ‘and pavement

-according to the present invention.

15



9. A mxture according to claim8 wherein said binder gs nor mal bi nder or
modi fied binder. 10. A mixture according to claim9 whBPRIFGEMARAGS ndey APR 2004
a nornmal grade 40/50 binder, normal grade 60/ 70 binder, OAISE &rade
80/ 100 bi nder, normal grade 120/150 bjgder, Gl sonite-rmm d0 nder,
synt het i C%I;IS@E r-nodi fied binder, natural rubber-nodified binder, polyner
nodi fi ed Qr cariphalte. 11 A m xture according to any one of clains
8-10 whereiR additvenben useddn deaipage enives for JapEr\iRg thedwabiithehasnhalt
pavenent RRYRMANS, ficaddidue compyising hiirates lime reaid hiydrated bingihayingaany one
of cl ai mpusitylof HhOPS Gas@Hk Bndhtaving pattidesizeaiahgelfallisgisdbstadtialtyedh | i me i s
1- 3% wi tthe rémge eB0.06£300wen.vol ume cont ai ni ng stone aggregates. 13. A
m xture according to any one of clainms 8-12 vvherei n said hydrated |ine
concentr &t w@fbdcﬁtl\ﬂe &ccordingfo clé%anaWr@fﬁ@iﬁﬁsrﬁd B3SRalOTAethEt drainhglfix2004 14.
A m xt Ur%oﬁﬁff%'é 'séhd &g af&ea bffidak %e@o&? 6@uéiloﬁadf%s§¥ﬂgﬁat ed |ime

has X acc to anyone clains 8-14
mhereln al Mﬁﬁgfgﬁ% a s Agypgﬁ ?cle size distribution of around 8-12%
in the range o 05- 0. 5pm 0% 5-75pm and 0.5-7%in .the range of

76- 300pme. ﬂk’ﬁ{ ?‘Eﬁ%gﬁg torQlAITE? LR RO IGES 52 BE BaHARE Gy oent
conpri si AP ﬁ?%@ aggregates pol ymer - nodi fi ed bi nder and an additive

selected fromthe group consisting essentially of hydrated Iime, magnesium
hydr oxi deé. Amdaddiiveragearding to claim 3 wherein said binder is a normal grade 40/50

binder, normal grade 60/70 binder, normal grade 80/100 binder, normal grade
120/150 binder, Gilsonite-modified binder, synthetic rubber-modified binder,
natural rubber-modified binder, polymer modified binder or cariphalte.

5. An additive for drainage mix used when used in the production of asphalt
pavement, said additive selected from a group consisting essentially of hydrated
lime, magnesium hydroxide and dolomite.

6. An additive according to Claims 1 or 5 wherein said hydrated lime having a
purity of 80-99% Ca(OH), and a particle size distribution of around 8-12% in the
range of 0.05-0.5um, 73-90% 0.5-75um and 0.5-7% in the range of 76-300um.

7. An additive according to claim 6 wherein said asphalt pavement drainage mix
comprising stone aggregates and binder used for the production of asphalt
pavement containing at least 15% voids.

8. A mixture for the production of drainage asphalt pavements comprising mineral
aggregates, binder and hydrated lime.

9. A mixture according to claim 8 wherein said binder is normal binder or
modified binder.

10. A mixture according to claim 9 wherein said binder is a normal grade 40/50
binder, normal grade 60/70 binder, normal grade 80/100 binder, normal grade
120/150 binder, Gilsonite-modified binder, synthetic rubber-modified binder,
natural rubber-modified binder, polymer modified binder or cariphalte.

11. A mixture according to any one of claims 8-10 wherein said mixture is
capable of producing drainage asphalt pavement containing at least 15% voids.

12. A mixture according to any one of claims 8-11 wherein said binder is 4-5%
vol/vol, said hydrated lime is 1-3%, with the rest of the volume containing stone
aggregates.

13. A mixture according to any one of claims 8-12 wherein said hydrated lime
concentration is 1.5 - 2.5%.




17. A mixture according to claim 16 wherein said mxture R%) Baq -1 APR 2004
produci ng drai nage asphalt pavenent containing at |east % vol ds

m xture according to any one of clainms 16-17 wherein said hi r%rﬂ?z 4- 5%

vol /vol, said hydrated lime is 1 3% Wi{gr the rest of the vo ai ni ng

m ner al f 18
wher ei n sai 3“*@ g Oﬁfdnﬁgm ie 25 s 2214 Rpefetn 86 Ay Sldh e hils
accordi ng to " clains 16 19 wherein said hydrat efj i me GhSS a

urity of 0980 21 A ure accordin one of clains 1
\a,her e%/n sag g@cpw 91&3"369 ?{(ﬁﬁ'f‘%é%é’v r§f"?$%ﬁﬂ¥6l’?t8ﬂ'”§rmﬂ 8-12%
inthe raR Ecﬁs'éeﬁ!ﬁt@blgﬂrbﬁ’r rﬁl-‘”#ﬁ-b@) in dhes rangenefh 856 Sumod B90%e r ange

of 76- 3000m-72M MdRENCH lOﬁ"‘%fQﬂﬂﬁ:Ofn@ 40Qumi nage asphal t pavenent
conprising: mxing hydrated Iime, mneral aggregates and binder into a

m xt ure; 16oArri1iug1re&bmtheiprbdmaianmfcdrairiageeasphaitm;zemedt compeisingng t he

m xt ure smiherahaggregdtesi, palyenerspbaified ivdireiid Aoadditiné 8elecksd fismaheat | east
15% i s fogreg consisting essentially of hydrated lime, magnesium hydroxide and

dolomite.

17. A mixture according to claim 16 wherein said mixture is capable of producing
drainage asphalt pavement containing at least 15% voids.

18. A mixture according to any one of claims 16-17 wherein said binder is 4-5%
vol/vol, said hydrated lime is 1-3%, with the rest of the volume contalnmg mineral
aggregates.

19. A mixture according to any one of claims 16-18 wherein said hydrated lime
concentration is 1.5 - 2.5%.

20. A mixture according to any one of claims 16-19 wherein said hydrated lime
has a purity of 80-98%.

21. A mixture according to any one of claims 16-20 wherein said hydrate lime has
a particle size distribution of around 8-12% in the range of 0.05-0.5um, 73-90%
0.5-75um and 0.5-7% in the range of 76-300um. -

22. A method of producing a drainage asphalt pavement comprising:
mixing hydrated lime, mineral aggregates and binder into a mixture;
pouring said mixture onto a base course; and
compacting the mixture such that a drainage asphalt pavement containing
voids of at least 15% is formed.




