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For mdt du.id.s d,e Ensil. !ftnSd
df rsph.hic .oncde hii ben
re.osni4d !s a nujor .oilibuE b ns

P*iomane. prohi.ns. Bi(uminouJ
pavcm.na (. lubjecEd ro r vtuiery
ol l@ding condilidt $ar Buh in
i e@l rcnsile nrc* rnd
cor$qucnrly, f,.y indlcc cBctinA.
The mp,city !o Esisr cr.cking is
requGne to piveme{ dlmbilir, drd
ldeevitv An ofte! .r.ounrftd
$uc ol .Mtine th.! could b.
nBar€d or a le onnelLd by in
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incrcas. in ictuil. $Engd ir the
indrion olcncks f'm und.r l.yinB

ln!.{igations inio the reinaorccm.d
ol birumi@us mixrur.s io improv.
t.nlile ptup{ni.s halc been

Frfmd olilizinE l@oo.n.Nv
disp€n n fib.6. Pyblitis pdyr*
Dd cad'on h!.ck wirhin lh. DixtuEs.
Th. prim.r) obj.dive of lhis eudy
ris ro d.tenin. whdhd
.lkylb€me surphN! (ABS)
i0p.or th. Mlrdrall rnd iodid
remileer.naft pmp.niesof lsrhlltic
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ooncrclc, *h.D ii is addcd .s r
percnl!8c ol&ephclt cotu.t biudor.

S.m laboFlo.y edi6 harc hen
pqfm.n on lh. rcinfMenr oarhc
surfrE o. biodd mue of
p,v.m6ts. Rc.d .r al. rD ded 10 study
rh€ polyeste! ilb.re in.sphal! paving
ninur.i lh., found lh.l ft. fibe6
will o8!n Educc tl:s diy indiEot
tensile $an$h ol lh e conrol nixruft
br (r-15%), whiL tne addition of
poly.s.r fi6c, resulted ii .
dedss.d sus.Diibiliry io noitu
al H;idy A I r" rMr.d tn. p}rcli'is
lovicnsity polrcthyltu iD Ephaltic
@noEl nixtuE, h. concluded tiil
ihe inclusioi ol polyethylene wilhin
.sphalr mix&rcs inp0ed the
adhesion betwee, asph.h and
aegq.t (i... EdDcing rhe 6pnalti.
coroEL nixtorcs to moktoE

ad t.N.'" {di"d 6. .fid "rrlrainyl chbn& (Pvc) d rh.
iidirccr r.6lls $r glh .Sh.
..ncLud.d th.r rholddnionof (1,25%)
of (PvC) incrcBE th. indiBr tensile
$rensrh by (18%) which imrrcv. th.
EGhnce of .lphrlt pavins mir:iuE

^[ylfusPhodlg^ddi[E
th. physioal ud ch?misl prope*i.s
ol(ABs)aft shown in rrbt (1)

lno .sphrlt cmol ued B (a0-50)

Fi.traliM 3Ed. h*.n ftlm Bati
Efin.ry (2ooxniwlll of algfidd).
This 6ph3l n usuuy @nsid.Ed rhc
type, whioh havc b..n ui.d wid.ly in
the hiBhway construcrion p@jeors in
Nii.u Covemno . Th. rorulls of
lhc lhysiBl poFni.s ol rhe us€d
asphlh de shoM in T!bl. (2). fte
EluLt itulic.&d G.r dris 60halr
conplb wid AsrM6 ..d scRDo
speafic.lids fe lqtdaon snd.d

Ir ddilion ro asphah bindd .nd ABS
lddiliv. ued in rhe l.ring praram,
AlKffi asgres{re ea3 utilied i, lhc
pEpcfttion of aDhlltic .o.cEc
sD.ciDens. T!tl. (r) sh.w lho rculb
ol $c Dhy3ial Fop.ni6 ol tnis
!88Esrt, vhik T!bl. (4) shN 0E
gdhion limib ofdE lggEt G B.d
in rh. mk devsn (ordin3 ro fic
ASTM'I soa'ficarion (D.l5lt for

Ponlind seme"t ,3s us.d a t fiU.r in
six d.si8n md n\ brcqht fEn
Soje erar f..lory. Th. Esulrs or
tbc phrssl ud ch.miql pDr.ni6
e lisi.d in Tab!. (t.nb)

Two gles or lesls *d. crri.d ou1 lo
.valuale lhe mixes, M.shlll ton 3t
60"c asTM D-15t9.6d indiftct
r.Bilc *6erh ar 2t'C AsTM D'

Einfe.ftnl of 6rton bkk (CB)
oicrcfilld ad ik.fret m los
tnp.duE cEcking i, 6ph!h
pPing mixluEs .hc found th.t th.
tddition oi (12%cB) 10 Ephall
cemdt e nor advorc.ly .ficcEd.

Th. 
',*ylbcnan. 

suly'm.L (ABS)
6 brwSir fiom AIKmsli n *.1
in M@l .iry. Thc p.i@ of rhis
rueri.l *a 400 E k*. TIE @lts ol



All specim.ns *de ,,tpued
@ding to fi. Msh.ll merhod of
nii dcJgn, usilg 75 hlovs SCRB (6)
ol ti. automllic Md$.ll onDBor
on ech sid.. T.bt. 16) 3hor3 lne
rcsuhs ofMr*hall mix dosign l!! tn.
conlrol nrli (h! .9 oil.  BS
addnirc) Th. oprimlm 6phik
6nr.n! *r delcmrimd as lh.
dsnnioai av!r0s. ot ihe \.1rc5 of
lsrhnlr cmi..r coftspoDdiDg b $.
oaiimum $bilny, raiFUn dosiry
and 4% air voids, rhhout viohting
th. mi.inun void .ontcnt

PEp.rdiotr ofMrBt.llmd

SpsiD.ns of Modifid Mntoe!
An oprihu dphalt conrent of(5%)
6 fdid n@ Mmh,ll dlnd hn
d6isn (B k.of ioql .rsr.3rt sd
fiUerwas uscd in preplrils all oth.r
ABS sodi6.d six.3 ro minuin
Mrisie*y 

'nrcugh 
dP B@h.

Tlri lhe following neps woe
periomed for fte fomtrlatioi of

L Tfi. co6bin.d a!&rgare md
illler weft h.atcd io (160'qC)

in cerrcll.d elerkoh.
1 The frodiilcd birdn rvnh

Als w{r hoared b (r40"C)
in m .]..ti. enhl .!n

3- Tie &mbinaid *ar hix.d
by mshonical nixiB rr
l.nD€6lud of {140+J!C) lo,

a Th. spe.in.ns fodul,red
acre lncn cdmpaded 6ins
.leic MGlull ippcratur
ep4ified b, 6. Asphllr

lndiHi T.nriL Stftr8rh T6r
A rlycc ol Manl,rL \ru.irens I
oplmu'n asohrlr lrnt dr(o.Ac.)for

Arl/b.ffi. sur9hmk r andi'it.
n 

^+i.r, 
Pe4 Mi,.ruE

erch D.rcmi ofABS q.E preporcd

s.qriin8 lo asTMr" D -rt59 bur
the crriDs of sp€cii.is b.foE
E$ino was done &ccodin! ro
Asx;'' D4 rx

Th. +eciGns w rh6 Esr.d
!ff.r iom.^ed in mer ar 25cC lor
2hE unds a ruE or lM,ling or(1,8
mm/hin! r Eomend.d t
l.ir-M'ro,hm,h. i.di€r rc*il:
stelarh(st),ronrir. $iffn.s modulus
(IsM). a.d h..ieral d.fm.iion
(A) w alcul&d lsins rh.
cqualiom ne iorcd by Lotlmdlilo,

10000 L

Sl0 = mdimun Lntile ,Mgln (p.i)
prcdueos in (4.in.) diamct.. solid
ctlind.r by a lord (10000 pound p.r
rhicloe of I in.) obbir.d by

sro = rssr + 4r7i - 133932 +

i = amou of core or speciD.i
Ilanoina in inch und6 Pnix.

Pnav = n.xnnue cohprc$ive lold
on of sp.cim.n i! lb, .nd
L = dictl6 ol coe 3p.ciD ii

TsM =lPm .(r4o.27r4ll-!A l
TsM =r.nile (iffn.s m.dulus i',

Pmx = ldd ii r.il!rc in (lb).
L= sdmpl. ihicln s ir inoh.s.
a = to[l n-dl'l defom.rion ol
@pL in inch6. ,hich i! tr d iim r
dialBauB. under P,,, andas slFqi in



[i& & i<hdo&, vd 2{, N'q ,6.

v = pohof\ rilio asu'ned bdw*n
(035-045) for $phaltic mncrcrc

rs! R6rlr. rtrd DiMio!
Tllc rclalion ips beoeon Mdshalt
Drcrenles .id ABS coit nrs rere
ploftd d oprihun asphah conrn 6
shom in b.r cha i, Fi8u,q I )
Figurc (l!&b) rerr6c'b rh. .ret
of ABS conle oi Mashillskbitiry
and flor This tigure sh6ws that a3
aBS .oncnl ilcBi. rh. sEbi,ily
dec@e np ro (r7o) rh.rc.n6 its
incra5e but rcmin 16! lttm lh dr
original(ir, while rhe Uow ircredc
due to th. decrease in vircosity ol
bind.r *hich d.cr6e rh. stiftness
ud rhoueh drree rh. bitity.
FiBUE(lc&d) iDdid6 dt,l the unit
s€igl d4se 6 ABS .onEnl
decrease up to (l%) aftq dri, cemin
poi ns ii.r.e hur,eolin les fian
rhat ol..nel mi{ rhil. rh. air
hids incJle due b rh. totE
lpe.ifrc Snvity of &c Brlbn!

FiEurc (re&o snows lhe
r.hrioiships benlen V.M.Amd
v.F.B. v.u6 rhe p.lqr of AAS, n
o b€ s did dE v.M.a inc'le
nightl, with E iicre.. ABS
conrenti whiLc v.LB. decE..c wilh
ircre.ring in ABS @nr.!r. The
FrE V.M.A. & V.F.B. 'lEr rh.
lpeinanion lim o,SCRA*n*ll
be m tio.d heE thd oir voids.
vMA&Vl'B for codrcl dd hodified
mixes wrc cdculaEd u.i[t rhe
.qdio$ D.nrion€d in ru*mrve
!n6 No l(sP-2y''I'.

Fi8!rc (2) rdieres rhe r.rario.ships
between indnd t nsiL siE.gth
Pmpeni.s ind AaS qr.rs. h 5
b. s du both .h. Gnsit. !ftngth

irlyrh.ad srrehtu a MiiE
h 

^{Ad 
Pa4 Mi{6

(Si) and tniil. siflne$ hodulus
(TSM) inn Ees hy 9Y. & 41./e
rcsDeri!.ly ir 2yqABs. *hil. ihe
hdiDhl .lcfotutin (A) dcl.&
by 2{% d rhis conrdr ofABs,

  diry olth. M.6trll .nd indi61
cDtih nEnSn rir6 d.sis. mx

l. Mdshal hboEtory l.sdnt
indicares rh.l nsbility deromincd
at 60 'c lxid fron 1613 lg b
Il3l.5 l(3 fo ?7o ABS 6nb!
bui ir Enai. B@rer rhM rhe
minimum dnge of SCRB

2. TIere *., . rliglt improv.mmr
in rh. MdiM ot !$h.lr
colIin8 (.e cdrcins bl..dins

ABS/Asphh binder is us.d .iue
ro lh. rdhBivetr.rs ol ABS
n&,irl epei.Iy at 2% aBs.

3 Tlr. niffnc* atrd hdiabl
defomrion d.rcmi..d lrom lne
indiEr lensile ercnlrh 16r
indic.ied ftar rhes hixru.es
resisr lhc p.vcDenr d.f.frxion
fotui onin! md thovin*
fidfoE n .hould b. u$d d
busy inrcaccrio. or truck sops
.nd p!*ing lots aher. 3randinB
loads ,hich c.!e .sEnded
p.riods oi such d.fm.tion.

,1. Th. ddirion of ABS ro a5phat
Educ.d rhc fluidiy rmp.h.uft
of6phah by 3% at 2% oIABS
conrei! lhis ph.nom.non n Dore
ecdomi.ll i. dE Dinrs elol.

t.ne modifiedm 6ind.i widr
ABS should b. s€riLd b.foE
mixinA ri$ aBgEBac ahd fiUer



r. Racdt. Frcefran,JamesL Burar.
iR. Sain N Afrftn ir. WiltiM
C. Brides ,R., Polye o Fibe6
ln AsDt.lr Prvilg MitruB,.
AAPT. Vot58, pp187-409.
(r939).

2. ALlLdidy 4.1.. ..IldutrE 
oa

Sul6r .rl Poly.l[r.,. *arter
o. Chrndshrkr or Asph.h
P.vl4 Mrr.rirk" v5c ,1.5is.
Colkgc or En8ineerhA
Unn.E \ of At-Vdmni,
(2OOt).

l. Aral f.N., SonE tDvqris.rb!
rrto Ti. Ptup.niB ol potym$
Modifted Asph.lt C.Bentt,
MSc. Th6is, Cotlqp of
Etrsinee n!, !trlve*ity or

.r. Abb6 T.Nl'_InAr.tre ot C*bon
BL.k Rein{orccm. orP.romr.(. ot p.rirg
Mar.ri2k , M5. lhesis (o es
oi En8in4!ins. Univ.rir- ot

5. ASTM Str rrd Sfldfi.dioD
(1e88) S&ion l.Vol-0.t-01

6. Shle Cepcnrion lior ltoads and
Bri&es (scRB)l2oorl "Ho. Mir

aLl)Idftrc sq drcur s Add i.

Arph.ld. Con.de P.v.r.nr"
klqi Sledrd Sp.cificalios,
Mininry of HdsinB rnd
Constuctiotr. Dep.dmeni ol
lXrign ud Sbdy. Secrion R9_
R. Norls Shrcve Chchl.rl
Peco:s lrdErrisi. Thi.d

Aspha,t rnsrirur. (1934) "Mtr
D.q8! Udn d ror 

^!rn.tCoturer. fud Orhsr Hor Mn

Lohm R. rnd De,ri. r.G.Pr6sue Irduc.d Strlpptq ln
arptdri. co.$c{. . rRa 1l0,

l,otlman R.,'PEdicting MoiltrE
Ihr.e. .o ltprrrlli. CotrcEr."
r_C,lRP. R.pod No 192, (1973)
StiRP Asphah R.eaEh i2m2)
'Supc.ior P.rlornirg  3phrt
Psvcn.nl!. Mi D6kn. MrbulI,

N.ville. A14. d Broots, JJ.,
'c6trcEr. T.chnolo$/, 2 .d.,
Fid Flblkned, lrrdor, (1936)
NcLllle. A M., rProltgrries of
cotr.Fh1 r d P-.,
Puhlkhing l-td, L!dddn, (1C77)

ll

l



c.rd _-

'"'''@*,,',
i

ti
lulksp.s!.



A[fLb(msdpl0@^ddi.

o/o pa$ins (w..nn*.o.ce)

Finet rcsidE on lielr No I 70
,uL.

5b) ch€mi.rr DnD.ni6 of fi erl.eD.nr

2J 13

I rc$rllolconrrol'niiDre /0% ABs



13rrt. (1) Jlsr\l'rI rsuh otlABs/r) mnrtr,!!,I T*l;
Y+f-=:-,)-r- | ks^nn I -*' l :1": l

IJhL '3''nJ fl 
'\,rnh 

.,r"g,r, ,?.uht rr\ts\.\ Er,r.e.3r:r(

i Il r



I I ll

llllE
E

!

I
E

i lill

t



I llr

(0

l

IlrII

ll
Pmpcnies ofAsphatl Conftte Mixbre



A[flt.rEsdprdcaAdd[(
h^sDldr.rii!Mixtrcs

i
t>
E It ll r

E

EJ

E III

s

EE
a

9

Effir of AAS on lndi@r Tensil. SrE.e$ Popcni.s of AsDtBtr Concde Mil6m

I

tlI


