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ABSTRACT 
 
The failure of the rolling thin film oven test (RTFOT) protocol to simulate the short-term 
ageing (STA) of in situ asphalt binder accurately for different binder types, can be 
attributed to the significantly different mixing, transport and compaction temperatures used 
for different asphalt mixes. The RTFOT procedure can be modified to accurately predict 
the STA of binders for a specific road construction scenario. The modification of the 
procedure constitutes the first step in the establishment of a modified protocol for a binder 
type/class. The method used for monitoring the ageing of binders should be applicable to 
all binder types, considering that the properties of modified binders often have opposing or 
juxtaposed ageing effects which result in irregular changes in the measured property with 
ageing. This paper evaluates a method of rheologically following the ageing of both 
modified and unmodified binders, based on a single temperature/frequency point. 
Ultimately data from a number of contract sites would need to be collated; repeatability 
and accuracy established for the proposed method, before a final protocol is determined.  
 
1. INTRODUCTION 
 
The rheological and chemical natures of road binders continuously change during asphalt 
production and throughout the service life of the pavement. This process is referred to as 
ageing. The effect of ageing on the chemistry and rheology of bitumen is well documented 
(Lu and Isacsson, 2002; Mastrofini and Scarsella, 2000).  
 
In order to predict asphalt mix performance with ageing, both short-term and long-term 
ageing needs to be simulated. The current industry practise internationally uses the rolling 
thin film oven test (RTFOT) procedure to simulate hot-mix asphalt (HMA) plant and 
placement ageing for road binders, i.e. short-term ageing (STA). The RTFOT residue is 
then aged in a pressure ageing vessel (PAV) to simulate the in-service ageing of the 
binder over a 5 – 10 year period i.e. long term ageing (LTA). It was the initial intention of 
these accelerated thermal ageing methods to use the Arrhenius relation to bring about 
accelerated ageing. This relation is based on the temperature dependence of the rates of 
individual ageing reactions which ideally should be proportional to exp(-Ea/RT), with Ea 
being the Arrhenius activation energy, R being the ideal gas constant, and T being the 
absolute temperature. 
 
The rheological properties of the short-term aged binder are used in predictive equations 
to predict asphalt mix performance directly after construction (Witczak and Fonseca, 1996; 
Andrei et al., 1999; Christensen et al., 2003).  
 
The RTFOT procedure assumes a similar ageing temperature and time for all mixes prior 
to field compaction. O’Connell et al. (2011) demonstrated that the RTFOT protocol cannot 
accommodate the wide mixing, transport and compaction temperatures used in South 



 

 
 

African asphalt mixes. The authors monitored the ageing of unmodified binders in the 
Rolling Thin Film Oven, using an empirical property (i.e. softening point), but found that the 
Superpave Performance Graded (PG) rutting parameter was more suitable for a modified 
binder. Lu and Isacsson (2002) measured the susceptibility of binders to ageing using an 
ageing index, defined as the ratio of a chemical or a rheological parameter before and 
after ageing. They found the ageing susceptibility of bitumens varies when different ageing 
indices were used, suggesting inconsistent chemical and rheological changes during 
ageing. This is possibly due to diffusion-limited oxidation in some binder types (related to 
test temperature and sample geometry) and/or different kinds of chemical reactions 
occurring within a single binder (oxidation, degradation, etc). These factors result in 
deviations from the Arrhenius behaviour which could cause misleading accelerated 
thermal ageing predictions. 
 
This paper aims to demonstrate that the heterogeneous nature of modified binders results 
in different rheological changes during ageing. This investigation explores the use of a 
single frequency and temperature to follow the ageing of binders, taking into account that 
modified binders exhibit complex ageing. The two properties monitored were complex 
modulus (G*) and phase angle (δ). The temperature and frequency used for monitoring 
ageing was varied depending on the binder type. 
 
2. EXPERIMENTAL 
 
The binders analysed in this investigation were: a 40/50pen grade bitumen, a styrene-
butadiene-styrene (SBS) modified binder and a crumb rubber modified (CRM) bitumen. 
 
Ageing of the binders was done using: 

• The standard Rolling Thin-Film Oven test according to ASTM D 2872: Effect of Heat 
and Air on a Moving Film of Asphalt (Rolling Thin-Film Oven Test). 

• The Pressure Ageing Vessel test in accordance with AASHTO R28-02: Accelerated 
Aging of Asphalt Binder Using a Pressurized Aging Vessel. 

 
The effects of ageing, RTFOT and PAV, were monitored by change in physical properties 
of the binder before and after ageing, namely: 

• Softening point data: softening point determination was done as stipulated in ASTM 
D36: Standard Test Method for Softening Point of Bitumen (Ring-and-Ball 
Apparatus). 

• Dynamic shear rheometer (DSR) data: the DSR model employed was an Anton 
Paar Physica Smartpave Plus using a Peltier system with a parallel plate measuring 
configuration. Oscillatory testing initially involved carrying out strain sweeps to 
obtain the linear viscoelastic range then running frequency sweeps while measuring 
complex moduli (G*) and phase angle (δ). 

 
Ageing monitoring for the CRM binder involved testing the recovered soluble binder. The 
solvent-soluble fraction of the CRM binder was recovered using an internal CSIR test 
method, BE-TM-BINDER-1-2006: 

• BE-TM-BINDER-1-2006 combines selected parts of ASTM D1856 (1995) “Test 
Method for Recovery of Asphalt from Solution by Abson Method” as supplied by 
ASTM International.  

• BE-TM-BINDER-1-2006 uses AR benzene, instead of AR trichloroethylene (TCE) 
as the solvent for binder recovery.  

 



 

Short-term
Asphalt s
temperatu
 
3. R
 
3.1 A
 
The two 
characteri
various co
 
Figures 1 
40/50pen 
 

Figure

Figure 
 
The resul
and a red
the lower 
binder wit
frequencie

m aged bin
amples we
ure prior to

RESULTS 

geing of 40

rheologic
ise bitume
onditions o

and 2 sho
grade bitu

e 1: Comp

2: Phase A

ts show th
duction in p

frequencie
th ageing;
es.  

nder was re
ere subjec

o sample co

0/50pen gr

cal proper
en at vario
of ageing.  

ow G* and
umen unag

plex Modu

Angle vs. 

hat the age
phase ang
es. Reduct
 and this 

ecovered f
cted to labo
ompaction

rade bitum

rties, com
us temper

d δ plotted 
ged, after R

lus vs. Fre

Frequenc

eing of unm
gle. The inc
tion in pha
was more

 

from HMA 
oratory ST
) in order t

men 

plex mod
ratures and

against fre
RTFOT Tre

equency o
ageing.

 

cy of the 4

modified b
crease in 

ase angle o
e notable 

samples m
TA (four ho
to simulate

ulus (G*) 
d frequenc

equency (r
eatment an

of the 40/5

40/50pen g

binders res
stiffness is
occurs due
at lower t

manufactur
ours in an 
e field agein

and pha
cies, and t

respectivel
nd after PA

50pen grad

grade bitu

ults in an 
s more not
e to oxidat
emperatur

red in the l
oven at c
ng. 

ase angle
this can be

ly) for an u
AV ageing. 

 
de bitume

 
men with 

increase i
table at 40
tive harden
res and m

laboratory.
ompaction

e (δ), can
e done for

unmodified
 

en with 

ageing. 

n stiffness
0˚C and at
ning of the

mid to high

 

. 
n 

n 
r 

d 

s 
t 

e 
h 



 

3.1.1 Si
 
Based on 
2, the aut
illustrate t
taken as 2
better, 2 H
this freque
 
Figures 3 
PAV-aged
reversed f
 

Figure

Figure

Figure 3 i
progressio
decreases
complex 

ingle frequ

the increa
thors perce
the greate
2 Hz / 20 ˚
Hz was cho
ency value

 and 4 con
d in terms 
for Figure 

e 3: G* vs. 

e 4: δ vs. G

illustrates 
on from vi
s from rig
modulus i

uency-temp

ase in stiffn
eived that 

est combin
˚C. Althoug
osen beca

e. 

ntains plot
of G* and

4. 

δ at 2Hz /

G* at 2Hz /

that where
rgin- to RT
ht to left o
s plotted 

perature m

ness and d
the single
ed increas
gh, graphic
ause of the

s of the 40
d δ at a fre

/ 20°C for 
grade

/ 20°C for 
grade

e the phas
TFOT-aged
on the x-a
on the x-a

 

monitoring

decrease in
e frequency
se / decre
cally, a fre

e improved

0/50pen gr
equency/te

a virgin, R
e binder sa

 

a virgin, R
e binder sa

 
se angle is
d to STA-
axis. Simila
axis, there

n phase an
y / temper
ase in stif
quency of 
 repeatabi

rade bitum
emperature

RTFO-age
ample. 

RTFO-age
ample. 

s plotted on
to PAV-ag
arly, Figur
e is natura

ngle illustra
ature that 
ffness / ph
0.1 Hz ma
lity / reprod

men unaged
e of 2Hz/2

d and PAV

d and PAV

n the x-ax
ged binder 
re 4 illustra
al progres

ated in Figu
would bes

hase angle
ay have se
ducibility o

d, RTFOT
20°C, with 

 
V-aged 40

 
V-aged 40

is; there is
r as the ph
rates that 
ssion from

ures 1 and
st serve to
e could be
erved even
obtained at

-aged and
the x-axis

0/50pen 

0/50pen 

s a natural
hase angle
where the
virgin- to

 

d 
o 
e 
n 
t 

d 
s 

l 
e 
e 
o 



 

RTFOT- t
x-axis. Fig
point of 2
extended 
 
3.1.2 S
 
Figure 5 s
ageing. T
point. Thi
placemen
 

Figure

3.1.3 R
 
Figure 6 s
ageing. T
the failure
where |G*
situ binde
 

o STA- to 
gures 3 an
 Hz / 20˚C
RTFOT tim

oftening po

shows the 
The ageing
is can be 

nt of the as

e 5: Soften

Rutting para

shows the 
he ageing 
e tempera
*|/sin δ = 2

er after plac

PAV- bind
nd 4 serve
C it is poss
me to dete

oint monito

oxidative 
 of the bin
correlated

phalt surfa

ning point

ameter failu

oxidative 
of the bin

ature of th
2.20kPa. T
cement of 

er as the c
e to demo
sible to plo
rmine the 

oring 

stiffening 
nder has b
d with the
acing.  

data for a

ure temper

stiffening 
der has be
e rutting 

This can b
the asphal

 

complex m
nstrate tha

ot both com
time requir

of 40/50pe
been monit
e STA or

aged 40/50
2011). 

 
 

rature mon

of 40/50pe
een monito
resistance
e correlate
lt surfacing

 

modulus inc
at at the s
mplex mod
red to simu

en grade b
tored by an
field agein

0pen grad

nitoring 

en grade b
ored by an

e factor (G
ed with the
g.  

creases fro
single frequ
dulus and p
ulate STA 

bitumen wi
n empirica
ng of the 

de binder (

bitumen wi
n advanced
G*/sin δ), i
e STA or f

om left to ri
uency / te
phase ang
conditions

ith extende
al property,

in situ bi

 
(O’Connel

ith extende
d paramete
i.e. the te
field ageing

ight on the
mperature

gle against
.  

ed RTFOT
, softening
nder after

ll et al., 

ed RTFOT
er, namely
mperature
g of the in

 

e 
e 
t 

T 
g 
r 

T 
y 
e 
n 



 

Figure

 
 
3.2 A

The effec
with unmo
curves or 
can result
 
Lu and Is
binders b
evaluation
always gi
these bind
 
The rheol
Figure 7 
RTFOT- a
imparts in
lower tem
is depend
of the pro
ageing ca
oxidation 
 
 

e 6: Failure

geing of S

ct of ageing
odified bitu
with the u

t in a non-l

sacsson (1
because t
n. The argu
ve a linea
ders have 

ogical prof
shows the
and PAV-a
ncreased c

mperatures,
dent on the
oportional 
auses dec
of the dom

e temperat
40/50pen

BS modifie

g on modif
umen. The 
use of the r
inear relat

1998) foun
they are 
ument of u
ar relations
opposing a

file of mod
e black dia
ageing. Th
complex m
, the prope
e temperat

elastic co
creased ph
minant bitum

ture wher
n grade bin

ed binder

fied binder
ageing of 

rutting para
ionship du

nd that age
highly inf

using the ru
ship, given
ageing effe

ified binde
agram of
he binder 

moduli with 
erties of the
ure. At hig
ontribution 
hase angle
men phase

 

re |G*|/sin 
nder (O’C

 
rs is not as
modified b
ameter. Th

uring the ag

eing indice
fluenced b
utting para
n that the 
ects on bin

ers is more
an SBS m
behaves l
reduced p

e bitumen 
gher tempe
 from the 
e and inc
e, as obser

δ = 2.20kP
onnell et a

s simple rh
binders can
he former c
geing of mo

es can be
by the te
ameter to m

two comp
nder rheolo

clearly illu
modified b
ike a bina
phase ang
phase pre

eratures, ag
SBS mo

creased co
rved for un

Pa agains
al., 2011). 

heologicall
n be monit
can be lab
odified bin

misleadin
mperature 

monitor age
onents (bi

ogy. 

ustrated us
inder whe

ary system
les at high
dominate. 
geing resu
difier. At l
omplex mo
nmodified b

 
st ageing t

ly and che
tored throu
borious and
ders.  

ng for SBS
 and freq
eing is whe
itumen an

sing a black
en unaged 
m. The SBS
her temper
The effect

ults in the p
lower tem
oduli as a
binders.  

time for 

emically as
ugh master
d the latter

S modified
quency of
ether it will
d SBS) of

k diagram.
and after

S modifier
ratures. At
t of ageing
partial loss

mperatures,
a result of

 

s 
r 
r 

d 
f 
l 
f 

. 
r 
r 
t 

g 
s 
, 
f 



 

Figu

 
 
3.2.1. Si
 
Due to the
has to be
where the
to minimis
binders th
towards 7
that of the
 
Moreover
difference
Figure 7, 
point of m
temperatu
 
Figures 8
frequency
SBS-mod

ure 7: Blac
O'C

ingle frequ

e complex
e chosen w
e rheology 
se the opp
hat are ofte
70°C. This 
e polymer a

r, ageing s
es between

this would
monitoring 
ure of 70°C

8 and 9 pr
y/temperatu
ified binde

ck diagram
onnell, 20

uency-temp

ity in rheol
with care. 
of the bind

posing effe
en used as
implies th

at around 7

should also
n the vario
d occur at 
the ageing

C. 

resents plo
ure of 0.0

er, with the 

m of an SB
011) [Arrow

perature m

logy profile
Ageing sh

der is predo
ects of the 
s the base
hat the ela
70°C.  

o be mon
ous states
70˚C and 

g for these

ots of the 
0126Hz/70°

x-axis rev

 

BS-modifi
ws show t

monitoring

es of SBS 
hould be m
ominantly 
two comp

e bitumen f
astic comp

itored at t
s of agein

at lowest 
e binders a

SBS mod
°C for the

versed for F
 

ied binder
the directi

modified b
monitored 
controlled 

peting com
for SBS m
onent of S

that freque
g are clea
frequency

at a low fre

dified bind
e unaged, 
Figure 9. 

r with agei
on of age

binders, the
at a frequ
by that of 
ponents. S

modified bin
SBS modif

ency / tem
ar and vis
y. The auth
equency of

er in term
RTFOT-a

 
ing (Mturi 
ing]. 

e point of m
uency / te
a single co

Standard u
nders are N
fied binder

mperature 
sible. As d
hors chose
f 0.0126Hz

ms of G* a
aged and 

and 

monitoring
mperature
omponent,
unmodified
Newtonian
rs is solely

where the
depicted in
e the ideal
z and at a

and δ at a
PAV-aged

 

g 
e 

 
d 
n 
y 

e 
n 
l 

a 

a 
d 



 

Figure 

Figure 9

Figure 8 i
progressio
decreases
complex m
RTFOT-a
right on t
temperatu
extended 
appears to
 
A plot of 
extended 
SBS-mod
the curren
determine

8: Plot G*

9: Plot of δ

illustrates 
on from vi
s from righ
modulus is
ged to STA
he x-axis. 
ure point o
RTFOT tim
o be no re

phase an
RTFOT-a
ified binde
nt ageing t
ed by O’Co

* (log-scal
PAV-a

δ (log-sca
PAV-a

that where
rgin- to RT
ht to left o
s plotted o
A- to PAV
Figures 8

of 0.0126 
me to dete
lationship 

ngle vs. a
geing time

er samples
time speci

onnell et al

le) vs. δ at
aged SBS

le) vs. G* 
aged SBS

e the phas
TFOT-aged
on the x-a
on the x ax
V-aged bind
8 and 9 se

Hz / 70˚C
rmine the 
between G

ageing time
e required 
s. This was
fied in AS

l. (2011) wh

 

(b) 
t 0.0126Hz
-modified

 

at 0.0126H
-modified

 
 

se angle is
d to STA-
axis. Howe
xis, there 
der as the 
erve to dem
C it may b
time requi

G* and age

e in Figur
to simulat

s found to
STM D2872

hen using 

z / 70°C fo
 binder sa

Hz / 70°C f
 binder sa

s plotted on
to PAV-ag

ever, Figur
is no natu
complex m

monstrate 
be possible
red to simu

eing time. 

re 10 was
te the ave

o be 205±2
2. This agr
the rutting

or a virgin,
ample. 

for a virgin
ample. 

n the x-ax
ged binder 
re 9 illustr
ral progres
modulus in
that at the

e to plot p
ulate STA 

s develope
erage short
20 minutes
rees well w
 paramete

 

, RTFO-ag

 
n, RTFO-a

is; there is
r as the ph
rates that 
ssion from
ncreases f
e single fr
phase ang
conditions

ed to dete
rt-term age
s or about
with the ag

er. 

ged and 

aged and 

s a natural
hase angle
where the

m virgin- to
from left to
requency /
gle against
s, but there

ermine the
eing of the
 2.5 times
geing time

 

l 
e 
e 
o 
o 
/ 
t 

e 

e 
e 
s 
e 



 

Figure 1

 
 
3.2.2. S
 
Figure 11
componen
rheology 
 

Figure 
represen

 
 
3.2.3 R
 
O’Connell
monitored
12), as o

10: Phase 

oftening po

1 depicts 
nts (bitume

11: Soften
nt four diff

Rutting para

l et al. (2
d with the 
opposed t

angle, δ (

oint monito

softening 
en and SB

ning point
fferent dat

ameter failu

2011) show
rutting pa
o an emp

(at 0.0126H
bin

oring 

point data
BS) of thes

t data for a
ta sets obt

ure temper

wed that 
rameter to
pirical prop

 

Hz / 70°C)
nder samp

a with RT
se binders 

aged SBS
tained on 

2011) 

rature mon

the agein
o predict s
perty such

 vs. agein
ple. 

TFOT time
have oppo

S-modified
separate 

nitoring 

ng of an S
short-term 
h as the 

g time for

e and illus
osing agei

d binder – 
occasions

SBS modi
ageing be
softening 

 
r an SBS m

strates how
ing effects

 
separate 
s (O’Conn

ified binde
ehaviour (s

point. Th

modified 

w the two
on binder

colours 
nell et al., 

er can be
see Figure
he authors

 

o 
r 

e 
e 
s 



 

determine
minutes to
 

Figure 12

 
 
3.3 C
 
Figure 13
elastic res
temperatu
temperatu
G*. 
 
The rheol
situ binde
insoluble 
separated
reproduce
monitoring
mixture of
rubber.  
 
Figure 14
blend. Th
increasing
O’Connell
 

ed that an 
o simulate 

2: Failure t

Crumb Rubb

3 shows th
sponse at 
ures. The 
ures is juxt

logical mo
er within t
rubber cr

d rubber c
e the same
g ageing 
f base bin

4 shows b
he ageing 
g amalgam
l, 2011). 

SBS mod
the averag

temperatu
SBS-mo

ber Modifie

he black di
higher tem
oxidative 

taposed ag

nitoring of 
the asphal
umbs sep
crumbs an
e binder as
of CRM b
der, exten

black diagr
observed 

mation of d

dified binde
ge PG failu

ure where 
odified bin

ed (CRM) 

iagram of
mperatures

ageing i
gainst S-S 

binder ag
lt cannot b
arate out 
nd solven
s it occurs 
binders is 
nder oil and

rams of th
is due to 
e-linked p

 

er sample 
ure temper

|G*|/sin δ
nder (O’Co

Bitumen 

a CRM bi
s and exhib
ncrease i
bond sciss

geing for C
be recove
of the bin
t-soluble 
in situ insi
through t

d benzene

he solvent
oxidative 
olymers w

needed to
rature of sh

δ < 2.20kPa
onnell et a

inder. Upo
bits a decr
n G* of 
sion, leadin

CRM bitum
ered as a 
nder during
portions a
de the asp
the recove
e soluble p

-soluble b
hardening 

with the sol

o be RTFO
hort-term a

a against 
al., 2011). 

on ageing, 
rease in ph
the bitum
ng to unpre

en is com
single fra

g solvent 
are recom
phalt. The o
ered solve
polymer fra

inder from
of the ba

vent solub

OT-aged fo
aged samp

 
ageing tim

the binde
hase angle
en phase
edictable c

plicated si
action. The

recovery. 
bined, the
only practi

ent-soluble 
actions of 

m the CRM
ase bitume
ble binder 

or 200 ± 5
ples.  

me for the

er loses its
es at lower
 at lower

changes in

nce the in
e benzene

Once the
ey do not
ical way of

binder: a
the crumb

M bitumen
en and the
(Mturi and

 

5 

 

s 
r 
r 
n 

n 
e 
e 
t 
f 
a 
b 

n 
e 
d 



 

Figure 1

Figure 14
various 

 
3.3.1 Si
 
Figure 14
frequencie
bitumen. 
2Hz/40°C
average s
aged sam
in using a
binders at
any sort o

3: Black d

4: Black d
stages of 

ingle frequ

 shows gre
es for the
Conseque

C for these
short-term 

mple but sli
a single fre
t the in-se

of ageing fo

diagram o
2011) [A

diagram of
ageing (M

uency-temp

eat rheolo
e recovere
ently, G* a
e recovered

aged sam
ightly lesse
equency a
ervice temp
or CRM bit

f CRM bitu
Arrows sho

f solvent-s
Mturi and O

perature m

gical differ
d binder o

and δ wer
d binders
ple seems
er than the

and temper
peratures. 
tumen. 

 

umen bind
ow the dir

 

soluble re
O'Connell

ageing].

monitoring

rences at m
of the virg
re monitor
as shown

s to have a
e PAV-age
rature to m
The curre

 

der with a
rection of 

ecovered b
l, 2011) [A

mid-tempe
gin, RTFO
ed at a fr

n in Figure
aged signif
ed sample.
monitor an
ent nationa

ageing (Mt
ageing]. 

binder from
Arrow show

ratures (40
OT-aged a
requency/te
e 15. The 
ficantly mo
 This mea
d quantify 

al specifica

 
turi and O

 
m CRM bi
ws the dir

0°C, 55°C
and PAV-a
emperatur
plot show

ore than th
ans there is

the agein
ations do n

'Connell, 

itumen at 
ection of 

) and mid-
aged CRM
re point of

ws that the
e RTFOT-
s potential

ng of CRM
not ask for

 

-
M 

f 
e 
-
l 

M 
r 



 

Figur

4. CO
 
The stand
binders du
ageing of 
of binder 
gathered 
contract-to
avoid pro
during th
temperatu
unmodifie
with oppo
 
REFEREN
 
Andrei, D
Model for
Report”, D
 
Christens
modulus o
 
Lu, X, and
SBS polym
 
Lu, X, an
Construct
 
Mastrofini
bitumen a
 

re 15: G* v
solven

ONCLUSIO

dard RTF
uring HMA
the in situ
ageing pe
to enable 
o-contract 
ducing mi
e ageing 

ure/frequen
ed binders.
osing or jux

NCES  

D, Witczak
r the Dyna
Departmen

en, DW, P
of asphalt c

d Isacsson
mer modifi

nd Isacsso
tion and Bu

i, D, and 
ageing. Fue

vs. δ at 2H
nt-soluble 

ON  

OT metho
A manufact
u binder wit
er contract
the indust
basis. Ag

sleading d
of modifi

ncy point 
 It is a mo

xtaposed a

, MW, and
mic (Comp

nt of Civil E

Pellinen, T
concrete. A

n, U, 1998.
ied bitume

on, U, 200
uilding Mat

Scarsella, 
el, 79 1005

Hz / 55°C f
binder rec

od does n
ture, trans
thin aspha
t scenario 
try to deve
geing there
data becau
ed binder
can be us
re accurat
geing effec

d Mirza, M
plex) Modu

Engineering

T and Bona
Asphalt Pa

. Chemical
ns. Fuel. 7

02. Effect 
terials 16 p

M, 2000. 
5-1015. 

 

for a virgin
covered fr

 
 

not simula
port, laying

alt will vary 
is therefor

elop a bett
efore need
use not all
rs. This p
sed to mo
te means o
cts. 

MW, 1999
ulus of As
g, Universi

aquist, RF
aving Tech

l and rheo
77:9-10 p.9

 of ageing
p.15-22. 

The appl

n, RTFO-a
rom CRM 

te short t
g and com
from cont

re required
er method
ds to be p
l measured
paper has 
onitor the 
of monitori

. Develop
sphalt Mixt
ty of Maryl

F, 2003. Hi
hnology, 72

logical eva
961-972. 

g on bitum

ication of 

aged, STA 
bitumen b

erm agein
mpaction. T

ract to con
d. The dat
 to predict

properly m
d propertie

demonst
ageing of
ng ageing 

ment of a
ures. “Inte
land, Colle

irsch mode
2 p.97-121

aluation of 

men chem

rheology 

 
and PAV-

blends. 

ng of Sou
The actual 
ntract; the m
ta can eve
t binder ag

monitored in
es change
trated that
f both mo
for modifie

a Revised 
erim Team 
ege Park, M

el for estim
. 

ageing pro

mistry and 

to the eva

-aged 

th African
short-term
monitoring
entually be
geing on a
n order to

e uniformly
t a single
dified and
ed binders

Predictive
Technical

MD. 

mating the

operties of

rheology,

aluation of

 

n 
m 
g 
e 
a 
o 
y 
e 
d 
s 

e 
l 

e 

f 

 

f 



 

 
 

Mturi, G, and O'Connell, J, 2011, Rheological analysis of crumb rubber modified binder. 
Proceedings of the 30th Southern African Transport Conference, Pretoria, South Africa. 
 
O’Connell, JS, Mturi, G, and Maina, J, 2011, Adjusting the standard rolling thin film oven 
procedure to improve the prediction of short term ageing. Proceedings of the 10th 
Conference on Asphalt Pavements for Southern Africa, Drakensburg, South Africa. 
 
Witczak, MW, and Fonseca, OA, 1996, Revised predictive model for dynamic (complex) 
modulus of asphalt mixtures. Transportation Research Record 1540, Transportation 
Research Board, Washington, D.C. 
 
KEY WORDS 
Rolling Thin Film Oven Test, Ageing, Rheology, Single Frequency and Temperature 


