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ABSTRACT
This paper examines the cffect of replacing part of the virgin binder with recycled
membranc on the performance of hot mix asphalt mixtures with high percentages of n:cy:led

P).
thi sty te e of rplacemet of virgin Bndr by the i n 1yl ot
membrancs (GRM-S0) on the performance. propert e course apal
bl e s s B i

d

proper these Boih
empirical and fundamental binder propertics of the recovered binders were determined using
i g ot SR e i (SN T DK b
vered binder from mixtures contin roof membrane (GRM-50) has
m.fc...uy sl ool Dol ey opane (ow
frequency). They also show a lower phase angle & over a wide range of fregquency

s sl h i st ey show it plcemen of part of e vig biumen i he
e with recycled roof membrane increases the mixture dynamic stiffess, fatigue life
and resstance to permanent deformati
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| INTRODUCTION
2 The production of asphalt mixtures with diffrent types of waste and secondary materias is
3 L

4 materials used more recently in the asphalt industry s the binder from recycled roof sheet
5 s

6 s roof covering. proofing primary function i the excl water. The
7 adtiion ofroeid ot meniranes on sl mixins g th st proetics f e
8 s iy (1-2],

5 tire i sy coni gkl poynr s AP /Al Borryico bk
10 The polymer in the modified binder is a well known thermoplastic (plastomer). The modified
1

12 binder Qi improved esitnce o pemnen deormation o bigh empenire und
13 inproved st an et it emperses, Thi e el i gt
14 conintion to th e intue i the Toud Posible beneis inclace e
e s ol I ikt o s ot
1s

1 placing par Due

15 binder content of ‘which is 50% by

19 new binder inthe misture can b achieved.

20

21 MATERIAL AND TEST PLAN

2

x5 i 0
24 RAP o surfuce and base couse mixtres. The surface course mixtures have & maximum
25 sagepte s of 11 and 16 mm and onan 0% of RAP: The bae coue mixtars bave
% 0% of RAP. 3% of o the
7 A

2

29 Materials

30

31 Viegin mateials

32 In this rescarch cnshed Novegian g sgregat, 70100 pncrion grce vigin binder
55 was v for vl e o e s e e UK e {ﬁmly proced e
b oid 42 and

b dmnloni gl i i o

36 mixtures and erushed o the surfice course mixtures were used. One type of

37 70/100 virgn binder was used in this rescarch,the binder has penetration value 52 (0.1 mm) at
25°C and ot 3

3 sofning point of 4¢
3

8 By il 4P el eyl et

a

@ e o he i cune s The g of th RAP e for base course mixures
43 ranges beween 0-20 mm nominal sizes which ere obained through the proces of millng the
P g Inrtr o g o homegeniy e RAP s sivedad s
45 aflrth milling proces. T the same way, he RAP mateial used fo srfce coure mixures

e g e e

TR 2013 Anmal Mcting Pape revised from gl o,
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0-16 mm. Th of the binder in the RAP and the gradation of the RAP aggregate
dcemioed foloving m: Saniad oicion and siving prossts (NEN-EN 136971 and
etiene e vas w3 sl & oyl wof menbran wih gy obmer
madilicdbinder GRAL50 o Diteh sbbreviaion mbrane

ey Ny AP poymes o blmn, 0%ty s oy o matg

s < 0003

e AR Bl e s ot S e
10 mm o st st it ad 015 o s s it o R0 was
Exiraction and

recovery of the GRM-50 material was done using standard extration and recovery procedure
according NEN-EN 12697-1 and methylene dichloride was used as a solvent. Tabl | shows the
ropres of o binder eovered fom b eycled el (RAP and GRME0)wed i this
research and Figure 1 shows the gradation of the recycled materials after extraction

recovery.

TABLE L the recycled materials
perti RAPfom | RAP fom
(Recovered fom recycled [ Unit | surface course | base counse | GRM-50
mateias) mixture mixture
Penctration @ 25 b 25 2 0]
Softcning Point_Ty @ 5 %
Binder content T 5§ 43 50

FIGURE.

Maera prparstin nd peimen wbricton
I th h stndard g et wes o o pearnion f e phalt i, G

other hand AP+ GRoto.
“The ubove mixing temperatures were set by determining the Equiviscous temperature, which

TR 2013 A Mecting Paper e eom gl sl
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refers 10 the temperature at whi
specimens were prepared for

the binder attins a viscosity of 170cSt. Laboratory test
e mechanical e wsed in this sy The cyiniial

of compaction, 30 gyrtions per minute, and 600 kPa compaction pressuc was xppllen in me
s T A s s e B
%,

RAW Bepal
surface and “The beams Shear PRES
o computo ] s e e e e dinerons, Tal 2 presets e moan vehes
of the koK coneis Allthe sl vokl comtets wers - 1% of the (arge valuss, For cach

mistured yldral e s i o i ke o

Binder
Mixure e contentin
risa %RAP | % GRM-50 | Sontet
%6 m/m)
ACTI Surface course
AC 16 Surface course | > % 1
'ACT1 Surface course
e 30 3 56
50 [
AC22 base course(—55- & 43
TABLE 3 Amount of new
Mixture Binder Binder
obiained | obiained from | binder
from GRM-50
bymass | Sbymass | by
[ (m) mass
mim)
ACTI &1630%RAT 7 = 386
ACTI & 16 surace 30P6rap - 17 15 236
'AC22 Base S0% RAP. 215 - 215
32 Base 50% RAP = GRVESO 215 X3 X3
From Table
L1 L6%
mixes respectvely.

TR 2013 Anmas Mecting Pape evisd umarignal sl
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csuyssssassd

2
3
i FIGURE
5
6 FromF
7
8 course minturs respecively.
9
10 Testing plan
i
Binder tests

“The testing plan includes both empirical and fundamental tesing for binders. Empirial tsts

he penmion st was condctd acordin 10 the norm NEN-ENIS26 a 250 and the
soflening point according to NEN-EN 1427 The rheol the binders were
detcmined wsing Dynami Shexr Rbcomeer (DSK) et Boueney swecp ks were
conducted to determi o

,,...um it tetng gorney e 3t sarmple ke s s for th e Yoo
Tange from 10, 0, 10 and 20°C and 25 s parsil e oo geomery wih I sample
hickness was usd for the higher temperature range of 30, 40, 50 and 60°C.

Asphalt misture tests
“The mixture performance tests were conducted according 10 the European procedures for ype
“The four

bending test was used 1o determine the mixture stifiness. The test was performed in
ecordance with NEN-EX 12697-26 sl e specimens i dimenson o 450 X 0.X
50 mm (L X W X H) were tested at tet temperature 20°C and frequency sweep at 0.1, 02, 05,
12,5.8, 10,20 0 30 A stin el of 30 i o ination of the
siffoss in order o avoid damage of the specimens, because they were used for futher atigue

SENNRURUNNEEEIEREES
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tests. For each misture in total 18 beams were prepared in order to determine the stiffess
moduls.

'
2

3 “The four point beam bending tet was used to characteise he fatigue properties of the
4 asphalt mixtures. Tests were camied out according to NEN-EN 1269724 amnex E. Test
$ sosimns withdmension of 450X 50X 50 mm (. D o et T s o
5 st emperars o 20°C and loxing eguney of 30 s i

7 gy i S e ity b Pusposn o Daing v caiog e s s
5 20 and 1503 mim. For

9 specifc misture

10 The ol et was et o deermine rsstanc 1o pemanen deomationof the
11 i, The rst was condacid in ssortnes fo NEN.EN 2697.25 st method .

12 surface course mixtures cylindrical specimens 100 m 60 mm Muﬁuwﬂemﬂ
13 The ot empeare s 50°C ad e speghoces wer coninncd ¢ st 4 ho

14 testng. During th testa constant horizontal confining stess of 0.15 MPa and 3 mum:mm
15 ampliudeof 03 Mo wee oplied il s batwen 015 ad 075 MPo). The

16 spplied o s e 1000, F o e syl sl il mn mm
17 dameer and 80

Condiioned st e for 4 hours be’ulc e, Do o B o Lo o nd
19 stres of 0.05 MPa and cyclic vrtical stress amplitude of 02 MPa were applied (verical sress
20 beomeen 0,05 and 045 Mpa. ol load sy wire

2 TESTRESULTS AND DISCUSSIONS.

24 Asphalt mixtures stiffness characteristies

2% Figure

po—

3 (@ AC 1 surice. (6)AC 16 surface

TRD 2013 Anvus Mecting Paper revised from g sl
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Fr=r)
H
¥

st s s oly FAP. A higher s s e ot g ey

!
2

H

3

S Fromthe above
6

7

8 laye. In addiion, mixiues with bigh sifiss vales give higher resisance to permanent
o

I s sy A i o o it it
11 recyled roaf membrane have B Srogs aodukis. Tis bhaviou o he s wi

13 inthe following sections.

1
1S Asphalt mistures fatigue characteristcs
I

17 Each point

s

19 is defined as 0% reduction in initial stffness of the mixture. In Figure S and 6 are shown the
20 faiigue test resulls of surfuce and base course mixures with RAP and RAP + GRM-50. The.

|
22 using the following relationship.

B o

Where N, = number of yeles o failure

2
2
7
T Rt G s ek S
2
3

TR 2013 Anoua Mecting Pape eised oo
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5
‘ I [ e
|Z,
[Buen :
|& Jew A
‘}‘ T | ommreoun !
i i Suin o) L - S Gl :
i (@) AC 11 surface (b) AC 16 surf ace
: FIGURE § Fatigue s of AC 11 surfae ourse misture
5
w0 0
i Strain [um/m]
H
i FIGURE 6 Fatgue lf of AC 22 bas course mistare
i
Mixture Type. logkl
AC 1 St 0% RA 555 kil
AC 16 Suface 307 RAP st |
AC 1 Srfce 30% RAP - GRVES0_| 20717
AC 16 e 30% RAP + GRMS0_| 18767
AC22 Base S0 o566 o701
|AC 22 Base 0% RAP + GRM-50 2366
i
P ——

Paper eisd from g sl
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From Figure 6 it can be scen that the GRM-S0 has significanlly improved the fatiguc

ofthe mixure a sain level of 120 s by fctorof 4 Forthe stcemistres s end

<an not be shown. The reason could be related to the binder content, the compositon of the

binderand he peceage ofseycld maril i the i,
Tab

sutce fronkiptan
e o s ot e highes binder content and at the same time &

The poiive ofet ofthe reycle fof mmbrane GRM:-0 on faigue e of base
mixtres i importan charcteiis, s i known fo feible paverents figue racking b5 o
iy i e S lyers o 6 bigho inds o lexia el el
due o i los

Permanent deformation of the asphalt mistures

5 —

Eis ‘%20 A

E [B1sq,-

B 7

$"% 190

I — 1

= 0 2000 4000 6000 5000 10000 I 0 2000 4000 000 10000 12000
Load cylees [-] WﬂMNH

FIGURE?7

‘mixtures
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~soRAr
= S0 RAP + GROSD

%
i
E

w00 @ w000 10000 120)
Load cyles -]

mixtures.

i 0 ko o it gt s o GOS0 31 ORI
deformation than mixtures with RAP onl ure 7 (a) it can be seen that the total
ermanent deomton edcad by 0% i Fv:utc7[h) he bl prac o deomat

by 100% 5
oo i by v ot bt cate e g s e s e by APF
‘maxdified binder. Mixtures with high resstance o permanent deformation are used on road
scctions with heavy traffic slow moving heavy raffc, at crossing with stop lights and other
Tocations

Recovered binder properties

In Figue 9 the mastr cure of he comple shear modulu and phase anle of tho binder
e fom bt RAP and RAP sing

Temperane Supetposkion piacige the maser =

e e s et ot e

"~

(6) AC 22 base course

T 20°C
(AC 16 Surface and AC 22 Base course).

B 2013 Anea Mestng Paper el ool sl
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As can be scen from Figure 9 (), the recovered binder from AC 16 Surface course mixture with
RAP+

withonly RAP
comple hess s cm b rvd vl o B o 1,1 4o o Figirs 3t
the addiion of GRM.50 improved the s response owe pase nge) compars 1 he

e g e (s

e gl
b it el temperse. The e s s sk obiervd for e complex

P> (0. T comples shte modatus of e ecovred bindr o AC 22 Bt RA
G

12 low frequency range (high temperature). From the master curve results it can be
13 sufoe oo mishes wily RAP und RAP - GRUL5 th complen st modaas o o
i lar, whereas f

13 RN e s e e B mmue s ot s ik S
16 range as compared to base course mixture containing RAP only, i is importat to sce in detail

s coxcLusions
2 1 the test results and the discussion preseried above, the following conclusions can be
by

2 e Asphalt mistures with RAP h Tower phase.

b

2 . course asphall mixtures addition of recycling roof membrane (GRM-50)

2 e W P, oL I sobloon i s bt

2

27« All mixtures with RAP + GRM-50 perfom beter in temms of permanent deformarion

2 rsance, whic is bnefaly i by oded s, with ko moving i and

2 od s

W s of the recovered binders it can be llustrated that there s

3 m...mm lmpmvemml ikl o s sy o iy

k] i temperature). However, it is unclear if be diretly

E "

3

3
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