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her presents a study in which the main obyective was o evaluate the effect of addmg
Teromt wpes of polymer (high density polvethylene and sty rene buiadiene rubber) on

characteristics of asphalt concrete
M est, statjc creep dest and wheel racking test were perfarmed on both control and polsiner

O evalwate their performance. Polvmer types (high-deisity polveths kene and sivrene butadicne
s perceniages by asphatt weight) were the variables used in Marshall, stane creep and v lieel

+ lest

Wil showed that the addwion of hugh-density polseths lene and sty rene (o asphaly cement
Ciuses any improvenent of the stabibmy value and an appreciable reduction in rutiing

then compared with conventional mix,
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INTRODUC tUN

The drastic change in raffic characteristics duc to accelerated program in Egypt has indicatd
that rutting 1s one of the principal distress modes surveyed duc to its impact on the pavement

conditions.

Many research studies identified the factors, which canse asphalt pavement rutting (1 to 6).
Some stedies sugeested change in the asphalt mix design, material characteristics, material
types and construction controls to ininbmize rutting sn future pavement construction (lund 4).

The rate and magnitude of rutting are mostly affected by extermal and intemal factors(7)
External [actors incinde load and volume of truck traffic, tire pressure, temperatre and
construction practtec. Intermal factors include properties of the biader, propertics of mixiures
and the thickness of the pavement layer. These external and intemnal may atfect muing
performance cither indvidually or in combination betweea cach other.

Therc are several modifiers that have been  used to reduce cutting, such as, fibers (polyesin
ashestas), oxtdants {mineral salts), antioxidants (carbon, calcrum salts), hydrocarboas (ol
antisttipping matenats (lings, mmaes), polvmers, rubber, extendess (sulfur) and mineral fifks

{dusrt).

The main purpose of dus rescarch is to evaluale the effect of adding two different mrsf
polyviners (high density pelvethylene and styrene butadiene rubber} with variable pcrccnlagcs&'
asphalt weight} 10 a €0/70 penetration grade asphalt cement conventionally produced in Egpt
order to tmprove the properties of asphalt mixes with a focus on rutting resistance,

TESTING PROGRAM

The testing program was conducted at the highway materials laboratory m the faculty/
Engincering. Mansoura Unwersiy aad the Central Laboratory of the General Authorty of R
and Bridges, Casro, Epypt.

Various tests have been emploved to assess the rutting resistance of bituminons nuviures. %3
tests can be broadly classified o the (ollowing three main carcgorics:

a) Marerial testung evaluation

b) Traditional standard tests evalisation snch as Marshall Lest.

¢) Other functional tests such as static creep test and wheel tracking test,

. =t
The tests performed on fimshed mixes such as Marshall, static creep and wheel wacking &
their results have been correlated 1o nctual pavement performance.

Firstly, Marshall method of mix desten was performed according 1o Asphalt st
{8} The various inixes that were used for Marshail west were as follows

- . d {
a) Mix tepe {A) combinatioa of argregate blended with 4 5 to & $ percentage of asphak
by waight of aggregate
alt &

by Mix type (B). combination of ageregate hlended with 4 5 10 6 5 percentage of asp? )
by weight of agerevale. ar different percents of high density polver lene {1 0.2.04

percentage of asphalt weighn)

. o i
c} Mnf tvpe (C): combination of agpregale blended with 4.3 10 6.5 percentage of ﬂfphﬂj
by weight of aggregate. at different percents of styrene butadiene rubber (0.2, 02" 4
pereentage of asphalt werghe)



/

L e een o aarshadt srze specimens of the three tvpe of
" puses (A 1 and C) and e offecr of each type of pelymicr on nux stiffiacss were studicd

. Finally. the wheel trackiog  {rutting) test has bueen cinployed to compare dense bitummous
b opuswures {or resistance to deformation The mtting defonmation was recorded against time or
pumber of whue! passes for the difforent control mixes. (H.0,P.EY mixes and (8 B R) muxes

MATERIALS CHARACTERISTICS

The asphalt concrote nux was prepared using huncstone consse nggregate, sthooous sand, cemnent dust
b fitker of speaific gravity of 2,73 nnd 60-70 usphalt coment. The aggregate samples were taken from B1-
1 Nile Compuny for Rond Constaretons winch were ongmath obiamed frour Siez (quarnes

Onlv one  gradation was used i this study. The apgregates were blended together to achieve me
gradation which hex witlue the fimis of dw Egyptian Siandard Specrfication gradatton (4-13)
Table (1) represents ghe used blendgradation and corresponding spectiication fmirs,

! 4 1 L sp

The two differam types of polymers emiploved i this study were lugh-densify poivetbylane amd
' syrene  butadiene  rubber These  polywmers were  obtained
;

from Chenneal industries for
Canstruction Company located in EL-Sadar Cviy. Epve

The first tvpe of polyner. gh<density polvethvlene (14 D P.E) s a semi-anvstathine polvener,
swhich s slightly soft at temperntures below the metting ponnt of the resin. 60° C The blending
“process. consists of dispersing pobvethvleas (3 0.2 04 0, and 8 0 pereaits by asphialt werght)

E;whilsl asphalt s preheated  at a temperature of approsimatele {(130-130° C) by manual
teontmacus wing for an hour

Thl‘ second type of polymer 15 soluble styrene butadiene rabber {5 B R) The bleud was ade by
ding (S.B R) with variable percents {0 2.0.5.0.7 and 1.0 perecus by asphalt weight) as faes to
'P“-‘hc;ted asphalt whiist mixtog manually for one hour at o temperature of (130-130° O)
mltdxffsrcm propertwes of the polviners used in this study ave lsted in Table {2)

Ta .
) e (1) Gradation of Apzreates used in vhe Investigoted  dixtures
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Tabie {3) Penetration of Asphalt Modified Polvmers

Asphall SBR HDPE '
Boditicd-
Polyrsa: N —

Polymers % by | (1.0 6.0 [T0 [20 T4E ] 60 [ 8.0

Penetration at | 65 63 51 .53 4 34 A0

25°.C 1

Also, the penetranion of asphalt and asphalt modified-polymers for different Jevels of HD P E
and S B R were determuned (Table 3)

TESTING PROCEDURE
MARSHALL TEST
The Narshal rest was earried out w1 conformity with the ASTM test method D-1339, Test

speeimens were immersed ina svater bath ar 60° C for 30 nunutes before testing The following
formulunons were selected for analysis

o Mix rvpe (4). Samples of aggregate were blended with £ 3 1w 6 370 asphalt content by wersh
of appregate at merements of 0 3% The nuxing process was according to the specification ol
the standard test.

« Mix type (B). combination of aggresate wath the same binder content in (A}, were blended
atter modifving the asphalt with a hizh density polvethylene (HD P.EYat 1 0, 2.0. 4.0 and
8.0% by asphalt weight, A sroup of test specimens were prepared for cach level of (HDP EY

modifier content
= Mix tpe (C): The same procedure followed in mix (B)1s repeated with {5.B.R) nmushfier

02,035 07 and | 1% by asphalt weight  Alsa a croup of test specimens were propared Fou
each level of (§ B.R) medifier content

STATIC CREEP TEST

In this test. the deformation characteristics of asphult pavement were assessed
utconlined constant lead compression Llest o lab

could be used effectively i the creep test (). The formulations sclecied for testing comprased the
same muix groups (A), (B) & (C) selected far Marshal teanng.

yry specimens. The Mar

I carrying out the creep test, the manual CBR apparatus was used, with slight modifications
regarding  the application of the required loading. The compression maching apphed incremental
loads 1o test specimens through the loadinz head at a constant rate of 12 Smun (0 3 inch) per
minute until reaching the full stress (10000 NAn® = 14 33 psi). Two dial zauges were used 1
record the specimen strain and for measuring the loads corresponding to the deformation. These
dial gauges were supported in a stationary {evel and their readings measured the settlenient ol th
loading head.

Al specimens were fabricated in Marshall mounld with the standard height of 6.23 mm (2.5 inch)
and diameter 100 nun {4 © ioch). Test specimens for creep test were prepared as that for Marshal
method of design for both conventional and polvmers muxes. The two flat @nds of the specunen
were prepared to be completely paralilel

After preparing the specimen. it was placed in a specially prepared mould having dimensions of
300 mm {12.0 inches) diameter and 350 mm (14.0 inches) height and laid in a large water bath
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The water bath was utilized to transmit the required temperature to testing specimen by BSIng a
controlled healing svstem. A digital electronic thermometer was employed to regulate the
specimen temperature until reaching the required test temperature (60° C) which 1s the same
temperature as for both Marshall and wheel tracking test. The specimen is left nside the water
bath for a period of time equal to 30.0 minutes before loading. A Mechanical dial gauge system
was used to record the specimen deformation. After finishing this process the specimen was
conditioned by a pre-load of 18.0 Ib, required to give pre load stress of 1 433 psi (1% 10* N/m?)
for two munutes before complete loading, and then the dial gauge reading is recorded as winal
reading  The full load 180 0 Tb required to give the final stress 14.33 psi (1% 10° N/m=) 1s then
applied and the vertical deformation of specimen is recorded, at 15,30,45,60 mioutes, 2 0, 3 ¢
and 4.0 hours

After determuning the total deformation, the suffness of the mix was computed as follows

Eryy - Ah/h,

S = T/ Erss

Where:

Ah = total deformation of the specimen under the load {inch }
h,, = the origimal specimen height (inch).

€ = [otal stran

s = applied stress (14.33 psi}

S ox = stffness modutus (psi).

WHEEL TRACKING TEST

Wheel tracking test is a simulative rutting test developed by the Briish Road Research
Laboratory (10), to evaluate the resistance to deformation of dense bituminous nuxtures. A
series of rutung test samples were formulated on the basis of the Marshall test results, and .
particular Marshall density. The following formulations were selected for analysis

- Group mix (A) For the conventional mix at optimum asphalt content

- Group mix (B): Far the high density poivethylene mixat | 0.2 0,4 0 and 8.0 percentage of
HD.PE by asphalt weight at optmum binder content for each case

- Group mix {C) For the styrene butadiene rubber mixat 02,03, 0.7 and | O percentage of
S.B R by asgphalt weight at optimum asphalt content for sach case

All specnnens werc tested m a wheel tracking machine under a constant repcated stress of 6 254
kg/em?, equivalent to that of contact stress of a heavy bus or truck The rutting deformation svas
recorded with time or number of wheel passes (n) The test were performed at the same
temperature of the Marshall and static creep test (60° C), which represented the maxnmum
temperature affecting pavenient in Egypt during summer

Each testing specimen was prepared ina rectangular mould having mside dimensions of dddx
333% 30 mm. The mould was cleaned and a thin even coating of siurry 1s applied to the inner
surface of the mould to prevent adhesion between the specimen and mold. A quantity of mixture
calculated lo fill the mould based on the density of the Marshall test results at oplimum binder
content was mixed thoroughly until a homogenous mixture was obtained. The mixture was then
pushed in a pre-heated mould at atemperature of 140° C The amount of material put inco the
mould was measured 1o be sufficient to fill the mould. The material was tamped into the mould
using a square-gnded 600 % 600 mm steel tamper making sure that the comers of the mould
were well filled  The upper surface of specimen was covered with a metal plate having
dimensions of 430x% 320 rmm and 2¢ mm thickness Specimens were compacted under ¢onstant
static {oad of about 130.0 ton for flve minutes using the compression testing machine ull the
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required density is achreved. The test specimens were compacted using compression lesting
having a maximuom capacity of 180 tons

The mould with the specimen in:ide was then removed from the machine and allowed to cool for
one day prior to testing. The obtained unit weight values of specimens were in the range of
1 0% of that obtained from Marshall test

The wheel tracking machine consists of a 200mm  diameter, 50mm width loaded rubber-tyre
wheel travelbng in a straight line over a reciprocating tzble. A motor and a reeiprogating device
give the table a to-and- fro motion of 42 0 passes per muute with a travel distance of 330 mm
The reciprocating table, mounted on sealed grease-packed ball races, is doven by a flywheel. A
radial arm carrving a calibrated weight and the ball bearing mounted rubber-tyre wheel, pivot on
centered bronze bearings on a steel shaft, which is adjustable to the height of the specimen

When running the test, the tyre wheel ndents a track in the specimen. A load on the wheel of
62.34 kg 1s used. This Joad is obtained by suspending about 13436 ¢ on the hook at the end of
the wheel frame. The rut depth s recorded at the midpoint of its length at 5.0 minutes intervals
for one hour by a cam and a dial gauge wiich reads to the nearest 0 127mm (0 003 inch).

Deformation- tune curves sere drawn and the mean rate of increase of track depth 1s measured
between 300 and 43.00 nun. of the rest period. The results were represented i one ratting
parameter, including the tracking rate (TR), which was expressed in mm/hour.

TEST RESULTS AND ANALYSIS

In this respect. H.D.P E. addition, at four levels (1.0.2.0.4.0 and 8 0 % by asphalt weight} as
well as the SBR latex addution at four levels (0.2,0.5,0.7 and | 0 o) were added to asphalt mixes
with different asphalt contents (43,5 0,5.3,6 0 and 6.3%) The eifect of these modifiers on mix
properties and especially on rutting properties of asphalt concrete as measured by Marshall,
Static creep and Whee! tracking tests were cvajuated

MARSHAL TEST RESULTS

The results of this test permit the analysis of the different nnxes with respect 10 the following
Stability

It was anticipated that the dispersion of high-density polyethylene in preheated asphalt at
temperzature of approximately (120 — 130° C ) would import more flexibility to the asphalt mixes

It s noticed i Figure (1) that, the high density polyethylene mixes exnbit ligher stability than
the control mix (H.D.P E=0.0%), and 1t is found that for mix contaming 4 0 %0 H D P.E. the
maximum stability value (3833.0 b) at opiimum bmder content (6.0%) is greater than that of the
control mix (2440 1b) (at 5.25% asphalt content) which means an increase of the stability by
about 37.0 %. Alsotis realized that, as the H.D.P E content inereases from 1 0 to 4.0 percent,
the stability increases from 25330.0 to 3833.0 Ib at the optimum binder_content for each mix.
Also, 1 Figure (2) and Table {4) the stability of S.B R. mixes increases as the S B.R eontent
increases from 0.0 to 0.3% to reach 3110 1bat 0.5% S B.R which means an increase of 27%
above that of the control mix within range of | t04% H D P.Eand ¢ 2 to ¢.3% 5.B.R both
H D.P.E and §.8 R binders are still having a suttable consisiency to eover all aggregate particles
resulting in a strong bond between aggregate particles and leads to higher stabihty value which
explziins the increase in stability values.

Howcever when the H.D.P E content 15 increased from 4 0% to § 0% and the S.B.R is wereased
from 03to} 0% the stability decreased The H D P.E mux stability decreased from 3833 b at
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(4 % H.D.P.E) to 2950 b (at 8% H.D P.E) which s still higher than the stabilitv value of the
control mix 2440 Ib. Also the S.B.R mix stability was reduced from 3110 1bat 0.5 % S.B.R to
2140 Ib at 1 0% S B.R, but this latter value is lower than that of the control mix. Tus decrease
of stability could be related to the increase of the penctration of asphalt medified polymers for
HD.P.E between 4.0 % and 8.0 % and S.B.R mixes between 0.3 % and 1.0 % as given in Table
(3) . and whiech means a weak bond between aggregate partieles leading eonsequently te a mix
with lower stability.

Also, it has to be noted that the maximum value of stability obtained with § B.R mixes 15 3110 [b
at 0.5 % SB.R  (wih optimum binder content equal 3.9 %) is lower than the value (3833 Ib)
obrained with lugh density polyethylene mix with 4.0% H.D.P.E at optimum binder content & 0%

Table (4) Marshall Test Results for Different Mixes at Optimum Binder Content

Whx Type oBC* Slabiliy Flow r AV VMA
% . Lb . 0.01 mch % I 3
| ‘ Density
emiem’

P Conmrol Mix |~ 425 2308 | 115 4.00 1523 —l
= — | %3 2304 00 | 40 | 184
* [ 1% 56 3301 | ind a0 iy |
HDPE [T NG T EH P Y
F T W% | 6.2 2281 143 40 16,8
I 02% 56 L 2.2 0.5 1.0 18
CSHR s e R 18 i i uf Bt SR, 1) EE L
0.7 [ 60 | 287 | 114 W 166
] 1.0% 62 | 2040 23| E 4 159

« O.B C = Oplimum Binder Contenl
Density

It was notieed that, during dispersion of lugh density polvethylene particles in pre-heated asphalt
cement, it swells up o 1.1 1o 1.2 times s original size This high increase in binder volume 1s
accompanied by constant binder weight.  Thus, by keeping the aggregate weight constant. the
density of high-density polyethylene mixes would be lower than that of the control mixes at
differcnt levels of HD.P.E. These swollen particles collect filler particles around them farming
larger particles, which restricts the sliding of aggregate against each other during compaction and
results in lower densities especially for higher FLD.P E. percenlage such as 8.0% H.D P.E.

The same behaviour was noticed with the addition of styrene butadiene rubber to asphalt leading to
a lower density of mix than in case of conventional mix (S B R =0 0 %). This decrease in density
15 due also to the increase of swollen siyrene butadiene rubber particles. which may restrict the
aggregate particles from shiding against each other's casily during compaction process The density
values for high density polyethylenc and styrene butadiene rubber mixes at optimum binder content
of each mixare given n Table (4)

Flow -

When examining the flow values of high-density polyethylene mixes and styrenc butadiene rubber
mixes given n Table (4). 1015 noticed that the nuxes at 1, 2 and 4% H D P E and mixes with 0.2
05 and 0.7% S.B R at opumum binder content of each mux exhibited flow values less than that of
the control mix This could be explaned bv the previously mentioned fact, that the high-density
polycthylene particles and styrene butadienc rubber particles during dispersion of particles in pre-
heated asphalt cement tend to collect filler particles around them forming lasger particles which
increase friction between aggreyate particles, and as a result. decrease the flow of the mix.

On the other hand, the measured flow values for the mixes at 8 0 % H.D.P B and 1% SBR are
fugher than that of control mix at optumum binder contents of each mix.
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Air Vouds -

Smee the % air veids is a function of both compaction and density and the density of high-
density polyethylene mixes and styrene butadiene rubber mixes exhibited lower density than
contro] mix at all levels of binder content, therefore an wn¢rease in %% axr vouds 15 anticipated.

As discussed before the density decreased as H.D P.E or S.B R percent increasced due to the
merease of resistance to compaction resuiung from the formanon of large particles around
HDP.E or SBR partcles. This effect resulted in rooms between aggregate particles. which,
consequently ncreased the air vouds for H D.P E mixes and S B.R nirxes at all levels of asphalt
content than for control mix (without additives).

In this study, the 4 & percent air voids 13 considered the key value for design This value s
considered the central premise i superpave mmixture design (11) Fortunately. other design
criteria (stability 1980 Tb, V.M A mun 13 3 and Bow §-16) have becn satisfied for all mixes at
4 0% aur vouds.

Vouds in Mineral Aguregates:

From Table (4). 1t is notieed that. H D.P.E ruxes and § B.R mixes at optimum binder content
of each mux exhubit higher V.MLA values than control  nmux. The V.M.A values increase as
HD P E orS.B R percent increases.

This could be explained by the fact that the ngh consistency of asphalt modified with HD.P E
or S.B R forms a thicker film around aggregate particles and consequently less absarption of
the binder resulting m an increase of V.M A for H.D P E mixcs and S B R mixes than that for
control mix

Also, the increasc of H.D.P E or § B.R content produce higher consistency of asphalt modificd
binder, and n presence of filler. forms large particles that restrict the compaction precess. This
effect results in an increase of VM A valucs for H D.P.E mixes and § B.R mixgs with the
increase of H.D P.E or §.B R content

STATK CREFP TEST RESULTS

The detaled hist of creep test results carried out on control mixes at varbie binderpercentages
(4350,556.0 and 65 %) are given n Table {3). ft1s expected that. the merease of binder
content abeve the optumum reduces the mix stability and thus. raises the abitity of mixes to tlow
under loads whuch explamn the decrease of stiffness at higher asphalt content (alove opumum
value of binder content). The creep cnrves after two hours (120.0 min.} arc determined with
enough accuracy to allow companson between different mixes Therefore, the stiffness afier
1200 miautes will be kept fixed in this analysis to study the effect of binder content on creep
strain for various mixes.

When examimng the creep test results m Table (3), it 1s noticed that the stiffness for control

g

mxes at variable binder percentages (4 3,5.0,5 5,6.0 and 6.5 %) increases by 23.3% as asphalt
content increases from 4.3 to 5 3%, while 1t decreases by about 1U% as asphalt content
increases from 3.5 10 63 %. Consequently, as given m Table (3) the to1al strain decreases asg
the binder content increases from 4 3 to 3 3%. This total strain increase above optimum aspbalt
content may be explaned by the increased ability of mx to flow under loads at hugher binder

contents
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Table (3) Static Creep Test Results for Conventional Mix iahle Asphalt Conteiits
AC | Time {min ) i5 an 4 60 i 180 240
%

45 Sirasm (in/in 31007 5,82 6.07 .28 697 3.57
Stiftness (psi} 1462 236,01 281 205.5 1672

5.0 | Srsin dinfin £10™) 5.097 534 3503 A7 6 241
Stiffines [} 28] | g3 1585 1456 1357 229 6

53 Shrn (nvin 107 4.505 4,795 590 518 5.3% 5654
SidEness (psi) JI8.1 295 & 286 6 s 259 | 2534

80 | Smmin {infin x107) 4964 5107 5.339 5522 5.839 £ 06
Stiffness fri) 294.5 280 2684 259.2 244 4 2403

6.5 Strain (i 5107 3128 5315 54710 5698 5996 L
Sl Twes (i) 7708 2696 257, 2514 1339 PRI
e

Creep test was also run on different H.D P.E mixes (Mix B) and S$.B R mxes { Mix C) with
binder eontents (4.5,5.0,3.3,6.0 and 6.5%) at different percentages of HD P.E (1.0, 2.0, 4.0 and
8.0 %) for H D.P.E mixes and S.B R pergentages of (0.2, 0.3, 0.7 and 1.0 %) for S.B R mixes
The suffiuess value versus time for mixes B and C are illustrated in Figures (3) and (7)
respectively  Also, the test results at |20 minutes for the different nuxes (B and C} at optunum
binder content are given tn Table (6) and the deduced naxunum stiffness of each tix at optimum
binder content versus HD P E % and S B.R % are given and Figures 6 and 8 respectively and
Table {7)

From Table (7) itis noticed that the stiffness of HL.D P E mixes increases from 272 to 611 (ps)
as H.D.P E content inereases from 1 to 4% respectivelv, while it decreases from 611 1o 339 (psi}
with the increase of H.D P.E from 4 to 8 %. Also, the suffness of § B.R mixes increases from
334 to 461 {psi) as S B.R content increases from 02 to @ 5 percent respectively, while the
increase of S B R content from 0.3 to 1.0% S B R 1s accompanied bv a decrease of the stiffness
from 461 1o 324 {ps1) at the optuoum binder content for each nux respectively

Tuble (6) Statie Creep Test R::au_il_g for (Mixes B & C) after 120 min.

AC HDFE % SER %
id [0 2.0 P 80 0.2 08 | 7 | b
15 Strain {nin 2107 5 T63 4541 4487 5.21 6T | 456 s34
Stiflress (pai 24H.4 29,4 3104 278 Jid2 R
50 Stram (mfin k107 | 5547 4387 [ il 447 44| Al ] 446 477
St {pe) 35273 | 3343 1330 W19 Pased 13413 4
35 St (i X107 EE 1.565 s EE FET] ERTE 1,54 442
Suitness pui) Wi h MRS 132540 Thd i T 134.2
au Steain {indin )07 | 5,537 3875 4016 552 ) 33 415
Stiilness (psi) 2.553 I69.% 1364 3646 ] 4342 3453
6.5 | Strain (indn ki) 5,748 4037 5103 4580 | £ 178 4,89
Stallisess {[si ] 24895 | 3549 | Zze ¥4 | 27T [ e A 5,0

Table ( 7) Deduced Stiffness (psi) of Virious Mixes (B & C) at Optimum Binder Content

Mix Type Optinnan Binder Content %) BeilTiess (padi
LAfter 120 ngla )

Comventlanal Mix 5,15 FE:

1% 271

HDPE 1% 39S
A % S e M_W& e

i 119

11.2% %4
SBR T GE B L T T

0. 7% [ 434

1.0% 6.2 524

For HD P.E and S.B R mixes, 1t is noticed that the maximuin stiffness occurs at 4.0% HD.P E
with 6 0 % binder content {optimum value) and at 0.3 % 3.8 R with.optimum binder content
5 9% respectively, where the binder content 15 still having low consistency This low consistency
together wath the high effective binder content strengthen the bond between aggregate particles,
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which increases the mix stiffness, while above the optimum value foreach HD P Eand SB R
mixes (especially at high binder content sueh as at 8.0 % H.D.P E and at 1% S.B.R) the binder
imparts more flexibility to the asphalt conerete and consequently increases the total strain and
decreases the mix stiffness.

Also. from Table (6) it can be clearly reahized that at 4% H.D.P E ar optmum asphalt content
for (Mix By and at 0 3% S.B.R. at optimum asphalt content for {Mix C), exlubit the lowest total
strain if compared with those of control mux and other H.D.P E and S.B R mixes respecuvely

The mcrease of asphalt content above the optimum reduces the mix stability and consequently the
mrx stiffness decreases and the total strain increases at lngher asphalt contents

As we previously menrioned the swollen lugh density polvethylene and styrene butadiene rubber
particles, increases the friction resistance and consequently restrict the sliding aggresate particles
dunng cowapaction and thus, the mix stiffncss is increased for H.D.P E mixes and S B R mixes 1f
compared with control nux (without additives) In addition to the previous reason, the presence of
sulfur content in rubber particles may v with filler particles forming small needles which
turn ngrease the friction between partieles and, thus. inercase the mix stiffiess for each styrene
butadiene rubber at all .8 R content than control mix.

The low wvalucs of strain for mixes with 4 ¢+ 4 H.D.P.E and 1 3% § B.R at all levels of asphalt
content ndicate that, these percentages of HO P E and S B.R are respectively the optimum
values for improving creep properties of compracted nuxes.

Also, 1t is elear that the obtained maximum stiffness at 0 5 % S.B.R (optimum value for SB R
mixes) which is 461 (psi), 15 lower than that obtamed ar 4 11 % H.D P E (optimum value for
H D P.E mixes) which reached 611 (psn).

WHEEL TRACKING TEST RESULTS

The control mix {A) as wcll as the polyimer mixes (B and C), were tested by wheel tracking
machine at the optimum binder content for each mux type

The track depth vatuc after 43 0 mmutes is retamed as the base of companison between various
nuxes The wheel tracking test results arc represented in one cutting parameter, mcluding the
irackig rate (TR) Which is defined as the rate of increase in track depth measured between 30 1
and 45.0 min of the test period Ttis used to assess the rutting resistance of bituminous mixes
under simulated field conditions and is expressed in mm/hour {12)

The wheel tracking test was run on the control mix at optimum binder content of 5.235 % (without
additive), also on H D P.E mixes with variable percentages (1 0,2040and 80 % HD P E by
asphalt weight) with corresponding optimum binder content (5.3, 3 6. 6.0 and 6.2% by asphalt
weight) respectively and on §.B R mixes with S.B R contents { 0.2, 0.5 i 7and 1 % %S B R by
asphalt weight)) with corresponding opumum  binder content (36, 39, 60 and 6.2 %)
respectively Figures {9 and 11) show the measured rut depth for these mixes as a function of
lpading ume during mirtng test.

When examining Figurs (9 and 11), 1t can be noticed that, the rut depth measured for the
different mixes increases with time during the first 43.0 runutes. During the last 135 0 min. of the
test (between 45.0 and 60.0 wun.) the rate of increase of rut depth is small. The rut depth
increases at high rate during the first five minutes of the test and than the rut rate decreases with
the ncrease of Lime to reach its lowest rate (almost negligible) during the last 13.0 min. of the
test.



Mansoura Engineering Journal, {MEJ}, Vol. 26, No. 1, March 2001.

The values of the measured rut depth (after 45.0 minutes) for the different H.D.P E mixes as
shown 1n Figure (10) are |.194,0.935, 0.814, 0.689 and 1.187 for 0.0, 1.0, 2.0, 4 0 and 8.0%
HD.P.E respectively. The rut depth measured for the mux with 4.0 % H.D.P E is noticed to be
the lowest value And referring to Table (8), we find that the measured tracking rates (TR) were
(0,965, 0.389, 035, 0344 and 0.644 mmvhe) for (0.0, 1.0, 2.040 and 8 % HDPE)
respectively which proves that the tracking rates for all H.D.P E mixes exhibit lower values than
that of the control mix (0.0 % H.D.P.E) The TR value for 4 0 % H D.P.E 1s lower than those
for other mixes (0.0, 1.0, 2.0 and 8.0 % H.D.P.E) by about 60 0 %, 37 0 %, 32.0 % and 40.0 %
respectively

Table (8), Wheel Tracking Test Results for Various Mixes at Optimum Binder Centent

[ Mix Type ) —\'-l Bulk Denrity | Hikeel Trach ing Rate (rnn:)
— _gmiemy
Conventonal lix (Ad pfcLi} 4 | 1 955

1 389 |
Q505
D

i (B) HDPE

4uk
W

T | Era L]

Mis¢C)S.BR L 08N

IF
0. 2287

10% | 3 7% |

Also. when examinig Figure {12) which lustrates the relation between the rut depth at 45 muin
and mixes with different percentages of SBR, it is noticed that, the rut depth decreases as the
S.B.R content increases from 0.0 % to 05 % S.B R. while it increascs at SBR content of 1%
This trend could be related to the measured resulting decrease in asphalt penctration from 65.0 to
51.0 for mixes with 0.0 %10 0.5 % S.B R and the measurcl inerease of asphalt penctrauon to
68.0 for mix with | 0 % S.B R content at temperaturc of 23° C . The same trend 15 also noticed
for HD P E mixes and can also be related to the asphalt mix penetration, where the measured
penetration decreased  from 65 to 49 for mixes with 0.0 % to d % HIDY P E and increfised to 34
and 60 for mixes with 6% and 8 % H D.P E content respeetively at temperature of 23° C.

The relation between the tracking rate (TR) and styrene butadiene rubber content (00, 02, 0 3.
0.7 and 1 0 %S B.R by asphalt we:ght) at the optimum binder content for each muix, 1s illustrated
i Table (8) The T R value for 0.3% $.B.R is lower than those for other mixes (00, 02, 07 and
} 0% S B.R) by about 34.0 %, 10.3 %, 15 7 % and 37 7% respectively Consequently it can be
deduced that the best resistance to rutting of asphalt concrete inixes, can be achieved by using
(.5 % styrene butadienc rubber But this improvement s considered low when compared to that
obtammed using 4.0% HD P.E

CONCLUSIONS

The main conelusions deduced from the results obtained during this experimental investigation of
the effect of addwg two types of polymers (high density polvethylene and styrene butadiene
rubber) on rutting charactenistics of asphalt muxes could be summarized as follows

[ Polymer mixtures (hgh-density polyethylene and styrene butadiene) exhibit higher
stability, lower flow values, lower unit weights, hugher air voids and higher voids in
mineral aggregate than conventionat mixes.

The highest mix stiffness values obtained in standard creep test corresponded to mixes
with 40 % HDPE (byasphalt weight) and 0 3 %S.B R {by asphalt weight ) for high
density polyethylene muxes and styrene butadiene mixes respectively.

[an}
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The increase of binder content (above the optimum value) reduces the mix stability and
thus. raises the ability of mixes to flow under loads resulting in a decrease of the mix
stiffness.

The addition of high-density polyethylene or styrene butadiene rubber to asphalt eement
improves the workability of mixes by improving the mechanical properties of the aged
asphalt.

The penetraton measured decreased as H D.P.E and § B.R percentages increased up to
4 % and 0 3 % respectively, while the penetration increased with the increase of additives
percentages above these optimum values

The asphalt penetration could be consdered as an indicative parameter of the degree of
improvement of asphalt mixes to rutting resistance
The additien of high-density polyvethylene and styrene butadiene as a binder 10 mixes
causes an appreciable reduetion i nutting depth when compared with conventional min
especially at high lemperatures
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