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~ Abstract
The pfimary objective of this research is to‘evaluate
thé low temperature'performance of'aspha;t cements produced
from éiffereng crude sources pfrwesterh Canada.
'The research comprises th; collection and anélysis of
‘routine asphalt cement/test data obta1ned from Alberta
Transportatlon, and the laboratory testing of selected

asphalt cement samples_from different crude sources.

1

From the routine test data, the properties of asphalt *
cements pfoduced from various réfineries'in terms of
penetration, visposity, temperature susceptibility ?nd
resistance to aéing are evaluated. It is noted that in
general, most of the asphaltéﬁuSed in road construction héve
met the requireﬂ%nts of the Alberta'Transpdrtation P
spgcification.'Within thé limit of the specification,
however, variafion of properties and temperatufe
susceptlblllty among asphalts of the same grade but produced
by different ref1ner1es exists. It 151/150 noted that the
propert1es of asphalt, partlcularly with respect go low L
temperature performance, have improved since the revisi'or?lof
asphalt specification in 1980. |

Selected asphalt samples of different crude sources
‘were obtained from different sdppliers and tested. Two types
of laboratory tests were carried out. Cohventional physical
tests were carrie§ out to define:the rﬁeoiogical properties
and temperéture susceptibility parameters wLich vere

‘utilized in evaluating ‘the low temperature performance of



these asgpalts. )
The tensile mlé}ttmg test, which has been. used to test

asphalt concrete cores at the udiversity of Alberta g

improved in this project, was utilized in testingg%
mixes prepared from the different‘asphall cements. The
asphaltic concrete cyliﬁders were tested at four different
temperatures, 0 °C, ;10 °c, =20 °C.and -30 °C. Again, the
tensile propergi;s obtained from the tests were utﬁlizedcih
evaluating the asphalt cements for lew temperatufe
performance.

From the laberatory test results, it is noted that
asphalts produeeﬁ from different crude sources héve
different temperature susceptibilities aﬁd consequently,
different loy temperature performance. This is illustrated
by the failure strain and stiffness obtained from the
tensile splitting test as well as the indirecg estimation of
ésphalt stiffness by various.methods.~1t is also confirmed
that softer grade asphalt does not necessarlly possess
better re51stance to low temperature cracking because

_temperature.suscept;bxllty is also an important factor in

evaluating asphelt,perfofmance at 10wvtemperatures.

o
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1. INTRODUCTION
1.1 General .

The behaviour of asphalt concrete pavement at low

<temperatures, part1cular1y with regard to transverse

—

cracking, has been of particular concern to many h1ghway
engineers and researchers in Canada, United{States and JQher
countries since the 1960's. It is well known that low
temperature_transverse craeking,_whichlis a sign of pavement
failhre, occurs Qhen'the thermal stress induced by.cooling,'
exceeds the tensile break1ng strength of the pavement (1). A

variety of factors, for example, climatic effects, subgrade
(

type,- asphalt propertles, m1x prép&rtzes and mix de51gn,

~“pavement design, pavement age and traffic effects, has been

_r~_,'~

"

.-

~

,cracking (2).

.@feported to influence the occurrence and severity of
"‘-"'7.9 ’
"transverse cracking. Among these faetors, asphalt properties

have received the most attention from investigators and have

‘,(‘.‘“

been proved to have a significant ‘effect on transverse

The properties of asphalt cement, for example,

\penetration, viscosity, ductiiity, stiffness and'temperature

susceptibility} etc., vary depending on the source of crude
0il from which the asphalt cement is refined. This is

indicated by differences in low temperaﬁure field behaviour

- of asphaltic concrete composed of similar asphalts but

- obtained from different suppliers, as reported in several

Canadian -road test projects (3,4,5). Particularly, "high



viscosity" asphalt cements (i.e., low temperature

suscebtibility) which were produced from heavy crude sources

in Western Canada, have been reported to perform better than
the "low viecosity" (i.e. high temperature susceptibility)
asphalt cements manufactured from lighter.crude oils.

In order to reveal the perforeance of the asphalt
cements produced from heavy crude sources in Western Canada,
"an evaluation of the properties of the aspbalt cements,
‘particularly with regard to temperature su§ceptibility and
low teﬁperature fracture characteristics, is warranted. If
the superiof characteristics of these asphélt cements are
confirmed, significant impact on performanee and costs of
asphalt pavements will be anticipated.
1.2 Objectives of the Thesis o

The objectives of this thesis are as follows:
1.  To determine the rheological properties‘and temperature

susceptibility of asphalt cements that have been used
recently in road construction in Alberta,

2; To review the development of the curreﬁt specification
for asphalt cement adopted by Alberta»Transpoftation,
and to -evaluate the effect of the historical change of
the specifications to the‘rheologicélvproperties and
temperature suséegtibilities of the Alberta asphalt
cements., | ‘ - .. |

3. To evaluate the 1ow temperature performance of asphalt

cements produced from heavy crude sources in Western



Canada.'Tempera$ure susceptibility and low temperature
fracture characteristics are considered to be the major
properties of asphalt cement that are relevant to low
temperature performance of asphalt concrete pavement,
4. To develop and update the fensile splitfing test as a
method to evaluate the.low temperature tensile
properties of asphalt concrete mixtures.
‘y .
1.3 Resedarch Approach ' s

Ly ;
% s . The research program'was divided into two parts,

e
namely, collection and analysis of Alberta Transportation
asphalt cement test data, and laboratory testing of selected

asphalt cement samples..

1.3.1 Collection and Analysis of Alberta Transportation Test
Data
Conventional routine asphalt éement test data were
obtéined from the province's main Efphalt cement user,

- Alberta Transportation. Two sets of data were obtained, one
from the year of 1979 and one from the year of 1984
representing test data prior to and after the 1980 change of
asphalt specification. -

The pgoperties of asphalt cements produced from various
refineries in terms of penetration, viscosity, temperature
susceptibility and resistance to Thin Film Oven Test aging

were evaluated.



asphalt cement are discussed.

1.3.2 Laboratory Testidg Program on Selected Asphalt Sampleg
Asphalt cement samples of 85/1.00 and 200/300 grades ”

from different crude sources were obtained from different

shpplieréAto represent asphalts of low and high temperature

susceptibility, and asphalts of hard and soft grade. v

Two types of testing were carried out: ]

1. Conventional physical tests - asphalt cement samplés
were testyed to define rheological properties and
températufe susceptibilty parameters which were utilized
in evaluating the low temperature pérformance of these
asphalts.

2. Tensile splitting, test - Asphalt concrete speciméns were
preparéd and tested to determine the low temperature
tensile properties. Again, the tensile properties
obtained were utﬁlized in evéluating the low temperature
performaﬁce of these asbhalt concrete mixtures.

The tensile splitting test method Q;s improved with a

4

new data acquisition and-processing system.

~



1.4 Organization of the thesis

Chapter 2 contains a review of methods and parameters
that have been used in evalggting the low temperature ‘
performangzﬂ(trahversq cracking) of asphalt cement,
Paréicularly, temperature susceptibility and fracture
characteristics of asphalt cement are discussed in detail.

Chapter 3 presents the characteristics of asphalt
cememt commonly used in Alberta. If also discusses the range
and extent of variability of the asphalt cement propérties
with respeét to refineries. \

‘Chapter 4 first presents the common grading systems for
asphalt cement in North America énq the historical ?hange of
asphalt specific;;iéns in Alberta. The chapter then
discusses the effécts of the 1980 change of specification to
the rh;;TBQTtal,péoperties and temperature susceptibility.

 ”Chapter 5-;ontains a brief outline of the labqra£o;y‘
testing program and the results of conventional physical
"tests on selected aspﬁalt cement samples from different
crude sources., It then 5iscussés the differences of
pfdperties and parameters of.the samples with respeét to
crude sources and finally, the low temperaturekpefformances
‘of these Samples by means of the Bitumen»TesF‘bétﬁ Chart,
Stiffness Modulus and CrackingoTemperaturel A

Chapter 6 contains a brief descrietion of the uses and

devélopment of the indirect tensile splitting‘test method.

. It also presents the results of the tensile splitting tests

which are used to determine the low temperature temsile

2



properties of asphalt concrete specimens prepared with
selected asphalt cements as characterized in chapter 5.
Chapter 7 contains the conclusions of the thesis and
recommendations for further research to evaluate and
characterize the properties of asphalt cement ffomﬁhqavy
crude sources in Western Caﬁada. ~
The appendices contain statistical summaries of
as-supplied routine test data, detailed test results,}
details~6f the impfoved tensile splitting test method and
listings of computer programs related to the tensile

splitting test. -

¥
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" 2. .TENPERATURE SUSCEPTIBILITY AND FRACTURE CHARACTERISTICS

. ) . . . ‘
- 2.1 Temperature Susceptibility of Asphalt

‘Temperature susceptibility is the rate at which the

pp—a

‘consistency of an asphalt cement changes with a ghange in
temperature and is a very important property o% asphalt
cements. Figure 2.1 demonstrates schematically that two
quing asphalts can have the same consistency at a
particular temperature (for example, penetration at 25 C or
viscosity at 60 CY, but because of a difference in o
temperature susceptibility, they can have quite different
consistencies when their temperatures are either raised or
16wered.

Asphalt temperature susceptibil}ty is highly dependent
on the temperature range ;onsidered. It ig well known that
gsphalt cement is a visco-elastic material which behaves as
elastic soiid at low temperature or short loading time, and
as purely viscous fluid at higﬁ temperature or 1ldng loading
“time..At high temperature, asphalt behaves as a Newtonian

. . ool
substance. Its change in Newtonian viscosity (shear rate
L J : .

. independent) with temperature is defined as the true

temperature susceptibility. At lower temperatures, the
response of asphalt to stress with témperature depends on
the temperature range considered and is termed the 'pseudo'’

temperature susceptibility. Because_asphalt cement rarely

1

‘exhibits Newtonian behaviour in service temperature, this

psuedo temperature,susqdptihility greatly influences

7 .




pavement construction and performance (6).

' Temperature susceptibility_is diréctiy related to the
type of equipment used to detgrmine asphalt consistency. One
of the earliest methods of measuring temperature ‘
susceptibility was to measure benetration (ASTM D5) over a
temperature range between 25 C and 0 C. The test is
essential;y\g\type of creep test.and is a measure of the
vigco-elastic behaviour of “asphalt. The penetration value
obtained is not a true measure of viscosity.

Common viscosity tests for asbhalt cement are usually -
rén at 135 C and 60 C and are rheologically much simpler

than the penetration test. The kinematic viscosity at 135 C

"

(ASTM D2170)_mea5ures purely viscous behaviour and for mﬂgﬂ/

asphalts, the absolute viscosity at 60 C (ASTM D2171) also
measﬁres viscous befrawiour. However, for some hard, oxidized
and waxy asphalts, the visc&éity at 60 C is different at
different levels of shear rate which indicates a |
non-Newtonian, visco-elastic behaviou:.

Temperature susceptibility can be expressed

‘quantitatively by various temperature susceptibility

parameters. These parameEerE:Tay be computed from test data
obtained from routine quality control testing. None of these
parameters is a true mgasuré of the temperature
suscepéibility of asphalt because the measured properties
which are used to determine each parameter include the-

visco-elastic effect as well as those of temperature.
LS .
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Some of'the'most commonly accepted tempgrature

qusceptibility parameters are penetrétion index, penetration

;ratio’andfpenétration viscosity number. They are briefly

‘ b o .
presented in the following paragraphs.

2. 1 ‘1 Penetration Index

oW e o

2 .
Pfeiffer and van Doormaal (7) noted that the logarithm

of the penetration.was very nearly‘a linear function of

* 'temperature for the asphalt cements with which they had
. ‘ * 4 :

experienced. They develbﬁed'a temperature susceptibility

ofacror-Known_és Penetration Index (PI), which is a function

of the slope of the»ldgarithm of penetration versus

: temperaturef:elqﬁionship,and is given by“the following

equation,
. X —
! 20 - 500 % A - oo T “
PI(dPen/dT) = 0 % A ¥ o [2.1]
( ¢
whére- _
A = loq Pen @ T1 - log Pan @ T2
T ; T1 - T2 -
T = Tempefafure (C) I -

Pen = Penetration 100 gm, 5 sec, (dmm),

A

Pfeiffer and van Doormaal further noted that the

‘penetfhtion#of thé,asphalts which they investigated was

~abqut 800 dmm at thevtemperaturevcorrespohding to the

. .
¥ . . ¢

(>3
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P ‘. ! —-— F,
softening point. This led to the propoéél of an alternate
) I . . : u
equation for PI using the penetration at 25 C and the
' . Y & I
- softening point as input parameters. [ £

_ 20 - 500 B B
50 * B + 1 ‘

PI(R&B)

where

- log 800 - log Pen @ 25 C
' S.P. = 25

S.P. = Ring & Ball Softening Point, (C) ‘ .

B

Pen = penetration, 100 gm, % sec, (dmm)
It has subsequéntly,béen shown that the penetration of
many “asphalts at the softening point temp€rature differs
substantially from 800 dmm and that the softening point of

-

many Canadian asphalts'is false due té the.waxy'crudg'oils
from which they are’produced (8). Therefofe,VEquation 2.2 is
not a reliable‘way of caléulat}ng PI. Consequently, PI ‘
currently used by resea;chers is calculatéd using . -
Equation 2.1 and penetraﬁion measurements at_two
temperatﬁreé.

Penetraéiqn index is a veqy‘important pfoperfy‘of
agphalfhcement. It éhows the 'temperature éusceptibility ofl
aSphaltvcement‘and'can'be used to estimateﬁthé stiffness

‘ »
‘modulus ofggsphalt cement at low t?mpe;atures from the
noﬁograph ae;éloped by van der Poel. Largé Ségative values

‘of PI indicate greater temperature susceptibility and
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“typical" asphalts have values between +2 and -2.

<

\2.1.2.Penetration Ratio

-

Several different penetration ratios have been proposed
, L ’ . . ‘ , .

as measures of temperature susceptibility in the service
temperature range. However, the commonly accepted (6)

penetfation ratio (PR) is ‘defined as

(‘Pen © 4 C, 200 gm, 60 sec.) ' o
(Pen ® 25 C, 100 gm, 5 sec.) » 100% [2.3]

i

. , .
This'ratiq hal been usea, although infrequently, as a

| 4
" means of controlling temperature susceptibility in the low

temperature region,. Lowar PR indicates greater tempgraturé
" susceptibility. | | |

2.1;3 Penetrati&h'viscosity Number

McLeod3(9) proposed a method for'determining

'temperature‘Susceptibility based on the penetratioﬁ'of
~.asphalt cement at 25 C and its kigematic viscosity in
ceéntistokes at 135 C’or its absolute viscosity in éoise at

60 C. The’paraﬁefer‘?é known as the penetration viscosity
. number (PVN) and can be calculated from

'Equation 2.4 or 2.5 (6).
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ature range : 25 C to 135 C

4,258 - 0.7967 % log P - log X
0.7951-0., 1858 % log P

(-1.5) =

PVN(25-135)
" [2.4]
where
P = Pen at 25 C, dmm

X = Vis at 135 C, Cemsstokes -

2. For the temperature range : 25 C to 60 C

6,489 - 1.590 * log P - log.X
1.050 - 0.2234 * log P

PUN(25-60) = (-1.5) %
[2.5]
where : ‘ - .

P = Pen at 25 C, dmm

X = Vis at 60 C, Poise

The PVN‘is.an alternatﬁve to t@f pen§§§atiqn index as a.
temperature susceptibility parameter because PI(R&B) values
for soft waxy asphalts calculaged from their éoftening |
points and penetrations at 25 C are not consistent with

their temperature susceptibilities iﬁ the low temperature
region and ‘with their resistance to»therméliy induced
cracking. This discrepancy ié caused by the presence of
crystallizab;e.componénts which!increase the softening pbint
to above thelmélting-pofﬁt of the crytalline phase (10,11).
The PVN value is intended to be numerically equal to

the PI value so that it can be used 'to estimate low



th

13

temperature stiffness modulus of asphalt'cement'and asphalt
paving mixture from van der Poel's nomograph. However,

several studies (12513)'have suggeéted that PVN and PI are

not correlated and itsquse in estimating stiffness remains

debatable.
Similar to PI, large negative values c¢f PVN indicate
greater temperature susceptibility and the range for

"typical” asphaltmtement is between +2 and -2.

2.2 Asphalt Stiffness .

»

Asphalt_stifthess, S(t,T), was first defined by van de:
Poel (14) as a means of characterizing asphalt consistency
over ‘a wide temperature, range .and’in a form similar to

Young's modulus given by the ratio of stress to strain in a

tensile creep experiment:

- a - ‘
s s o 12.6)
Where _ . : s

S(ﬁ,T)_= Time and Temperature dependent Stiffness
‘0 = Tensile Stress. -

e(t,T) = Time and Temperature dependent Strain

The total strain is a time and temperature dependent
value induced by an uniform tensile stress. The resulting
asphalt'stiffnessvis a function of both thebasphalt

temperature and the time of loading, but it is independent
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**\\ of the loading stress.

Because asphalt siiffness has been found to correlate.
with low -temperature pavemént~performance by many field and
laboratory investigations and becauée i£ can be evalﬁgted at
low temperatdres at which pavement cracking occurs, the
uprin;iples of asphalt stiffness have been used as thgybasis
for most recent low témperature design procedbres (2).

Briefly, the principle incdorporated in the stiffness
concept involves contfolling'low temperature pavement
frénsverse cracking by selecting the appropiate asphalt
cement to ensure that ‘the asphalt stiffness does not exceed
a certain fcritical'-br 'limiting' stiffness at the lowest

+

& pavement temperature.

“  2.,2.1 Methods to Determine Asphalt Stiffness
There are basically two classes of approaches to
determine low temperature, stiffness of asphalt cement, i.e.

direct testing and indirect estimation.

2.2.1.1 Direct Testing-

Direct testing of asphalt is fhe most accurate
method to evaluate low temperature asphaié stiffness.
However, simple instruments capable of measuring ésphalt
stiffness at the tequifed low temperature are not
generally available. THe benetration test has been the
oniy practical method évéilable for measuring low

“temperature rheology of paving asphalt. Recently,

developments have made the measurement of asphalt

(.
Y
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stiffness close to the limiting stiffness value and at a
temper;;yre close to the pavement cracking
possible/{15). These 1nstruments include:

1. Schweyer rheometer,

2. - Shell Rheémeter,

3. Ensley Forced Sphere,

4. Rheometfics mechanical spectr?meter and

5. Duomorphf ?

2.2.1.2 Indirect Estimation

w

The indirect methodé provide an estimate of
stiffneésiwithout direct laboratory meaSuremené. The
methods use routine indéx test data énd traﬁsform theﬁ
into stiffness values using van der Poel's nomograph
(Figure_2.2); The methods are simple and practical for
routine low temperature pavement design pd}poses. Three
commonly used methods, namely original van der Poel's
method, Heukelom s modified method and McLeod's method

are briefly presented as followss

Van der Poel's Method |

| Va; der Poel developed the stiffness nomograph such
that a tembérature susceptibility parameter "Penetration
Index", and a consistency parametef "Ring and Ball
Softening Point Temperature”, chéracteriied the

rheological behaviour of asphalt over a wide range of

temperatures and loading times (14).
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o
The use of the nomograph, which is restricted.to
asphalts containing less than 2 percent by weight of
wax, cpnsist; of the following steps:
1. Measure pengtratioﬁ at 25 C, 100g, 5 sec; J
2. Measure softening point temperature, 'I’(R&B)"~
3. Calculate penetration index, PI(R&B) according to
Pfeiffer and van Doormaal's equation (Equation 2,2)
by using 1) and 2), -

4. Estimate stiffness, using the nomograph (Figure 2.2)

with the loading time, the temperatuqe difference

Ld

between the desired -temperature T and “PtR&B) and

3

PI(R&B) determined in 3) as input parameters.

S
~

Heukelom's Modified Method ‘\«\
Becéuse of the false softening poigt of many
asphalts due to the waxy»crude.oils from whicﬁ they are
produced, van der Poel“gmﬁéthod of determining stif fness
Based on PI(R&B) may result 4n some very large error. As

a result, Heukelom (10,11) developed a method which

allows a 'cbrrected' softening point to be determined

for waxy or blowﬁ asphalt. The modified mefhod consists

of the following steps:

1. Measure penetration at 25 C, 100g, 5 éec,'and
penetration at 4 C,,10bg, 5 sec; plot the values on

the Bitumen Test Data Chart (Figure 2.3),

2. Extend the line jointing the two 'penetrations down
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T(800 pen),
/
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to 800 pen and {ead off the temperature at 800 pen,
Calculate PI(dPen/dT), using Equgtion 2.1 wfth
value§-from 15,

Estimate stiffness, using-;an dér Poel's nomograph
(Figure 2.2) with loading time, the temperature
differehce between ﬁhg desired temperature T and

T(800 pen), and with PI(dPen/dT) determined in 3) as

input'parameters.

McLeod's PVN Method

" McLeod has introduced the PVN as a parameter to

measure the temperature susceptibility of asphalt and he

usesaf@is PUN as one of the input parameters to

determine the stiffness of asphalt (9). The basic steps

of McLeod's method are:

'.10

Measure penetration ét 25 C, IQOg, 5 sec and
viscosity at 135 C, o

Calculate PVN by using Equation 2.4,

Obtain the "base temperature", which is analogohs to
ghekring and ball softening point temperature, from
Figurg 2L4 which is a modification by McLeod df a
Pfeiffer and van Doormaal chart that was revised by
Heukelom, |
Estimaté the stiffness,vusingithe nomograph (Figure
2.5) with the loading time, the temperatdre

-
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,difference between the desired temperaturé and the
base temperature*frbm 3), and PVN determined from 2)
as input parameters. The nomograph, Figyre 2.5,
which was modified by McLeod, is very similar to the

original van der Poel's nomograph.

2.2.2 Comparison of Various Methods

The methods of estimating asphalt stiffness and
evaluaﬁjng temperature susceptibility as described in the
previous sections have been Psed by many inﬁeagigators and
have been quite controversial. The PI (R&B) deveioped by
Pfeiffer and van Doormaal assumes that thg penetration of an
asphalt at its softening point is 800, which is incorrécﬁ
for some wa;y Canadian asphalts. Kopvillem.and Heukelom (11)
modified the method of determining PI which required
penet}ation'values at two ﬁemperatures.

theod,"for the same re3§ons, developed a
pen-vis-number based on penetfation at 25 C anqu;:;osity at

135 C. He compared the PI(R&B) and PVN of 300 n 1 asphalt

Eements and concluded that PVN was an-improvement over
PI(R&B) . .

Haas (16), in his research report for the Asphélt
Institute, compared various méthods of stiffness
~determination and recommended MéLeod‘s method of using PVN

in his prediction model of low temperature transverse

cracking,



Kandhal (17), in his studies of low temperature
transverse cracking of pavement in Pennsylvannia, also
compared the three methods. He found that PVN correlated to
PI(R&B) and was a better indicaté} of temperature
susceptib}lity. ‘ | ,

Noureldin and Manke (18), in‘ihEif étudies of pavements
in Oklahoma, also found that transvereg cracking of the
pavements was related to stiffness modJlif determined by an
indirect meghod using PVN, .

The use of Pl as a temperatuge suséeptibility parameter
and for estimation of asphalt cement Stiffness has also been
recommended by several other researchers. R6Bertson (13), in
his comparisipn of ;I(dpen/dT), PR and PVN as indices 6f_
’tempe{giure suscéptibility, concluded that PI(dPen/dT) and
PR were the best indicators of temperature susceptibility in
the iow témperature range and that ?VN did not éorrelate
well with low temgerature behaviour of asphalt cement.

Gaw, (2) in his latest Asphalt Instzzzie report (1981),
compared the PI(dPen/dT) proceaures and the PVN procedqres |
for predicting asphalt stiffness, directly with measured
asphalt stiffness. He concluded thét both PI and PVN |
procedures gave reasonéble‘résults for non-waxy asphalt at
moderate low temperaturés and that the PI procedures gave
the most accurate stiffness prediction for both waxy and air
blown asphait.

From the above review, it is obvious that there is a

" wide divergence of methods  in estimating stiffness of
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asphalt. However, the use of van der Poel's nomograph is the
same for all methods. In this research, both the PI(R&B),

PI(dPen/dT) and McLeod's method will be used.

2.3 Asphalt Mixture Stiffness

| The methods of measuring asphalt mixture sgiffness
consisf‘oﬁ tension or combreséion test_by creep[‘relaxation
or coqstaht rate of strain testing;'and dynamic or Elexural
testing. The two tests most widely repofteqtfor establishing
low temperature response are the constant rate of extension,
direct uni-;xial tension testing which has been deve{opgd at
"the Univérsity of Waterloo; and the indirect tensile a
splitting test which is used at the University of Alberta
(16,19).-The indirect tensile splitting test, which is used

-

~ . 3
in this research, is discussed in detail in Chapter VI and

+

Appendix D.

»n

2.4 Cracking Temperature  _ -
The temperature at which pavement starts to crack,

termed 'pavemént cracking temperature', 1s a more direét
 ﬁ*inaication of thecpavement's'relétive performance in low
temperature. The cracking temperature can be calculated
based on the asphalt stiffness by the concept of limiting/6r
critical stiffness, the concept of limiting stfess, and the
némographic method. The cracking temperature determined by

these methods assumes that asphalt properties are the major

influence on pavement transverse cracking neglecting the

a ] 4



‘5. The (limiting stiffness) cracking temperature, T, is

Ja—

influence of other factors such as asphalt content, air

L

voids content ard aggregate properties etc.

2.4.1 Limiting Asphalt Stiffness Method

Pavement cracking temperature éan be determined by
estimatiﬁg the temperature at which the asphalt reaches a
certain 'limiting' stiffness. Different investigators have
used different values of limiting’stiffpess at d{fferent
time of loading. However, the most frequent used and adopted
limiting stiffness of asphalt cement is 1 X 102 N/m 2 at
1800 sec loading time, which is based on observations from
the Ste. Anne road test (5,15).

The procedures for estimating cracking.temperaéure
require the use of either PI or PVN as one of the input
parameters. Details are as follows:

1. Determine PL(dPen/dT) or PVN depending on which index is
used, ; | . ’

2. Establish the point on the stiffness modulus of van der
Poel's nomograph (Figure 2.2 or 2.5) for a stiffness §f

1 X 10° N/m2 at the appropriate PI or Rvﬁ level,

3. Draw a straight line between 1 X 109 N/m2 point and the

half hour point on the time of loading scale,

4. The temperature difference at the point of intersection

of the line from-step 3 and the temperature difference

scale is recorded’as T(diff3,

s
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obtained by Equation 2.7,

Ty = T(806 pen) - T(4diff) [2.7a]
or | ;

Ty = T(base) -T(diff) = - [2.7b)

. ‘ o o

where

T(800 pen) is the temperature at 800 penertration

when using PI(dPen/dT), |

T(base) is the base temperature obtaingd by using

. McLeod's modified nomogJCph (Figurae 2.4):

2.4;2 Limiting Asphalt Stress Method

Hills (20) introduced a procedure for determining
predicted cracking temperatu;g;of pavement based on an
estimation of thermal stress develdped in the asphalt. He
assumed that the thermal stress, o, deQeloped in asphéiﬁ due

to coaling can be calculated from:

o, =L S % a, ¥ AT b {2.8]

1 a

4 r

S isrthe asphalt stiffness at one hour loading time

1

at a series of temperature intervals AT apart. .

a, is the coefficient of linear contraction.

-

Hills further concluded from semi-theoretical

considerations and from mix cracking observations that
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‘ pavement cracking occurred at a}temperature corresponding to
a calculated thermal stress of 5 X 105 N/m
The procedures of estlmatlng cracking temperature u51ng
ilm1t1ng stress ‘method are as follows: “
1. _Estlmitelasphalt stlffness at on%’@odr loading t;w 5t:a.
series of temperatureyinterv;gs, | |
52. Determine thermal streSs due to cooling using Equation“
2. 8 at each interval, | | R \ | R
3. Plot temperature versus total thermal stress 1nduced by %*,

cooling,

i

4. Obtain the cracking temperature from the curve at.a -
point correspondlng to 5 x 10 0° N/m ‘
The 11m1t1ng stress approach has' been used by e
‘)ﬂ

Chrlstlson 1n hlS psuedb elastlc beammor slab analy51s (21)

‘whlch was used as a ba51s for the d1stress pred1ct1on model

called COLD program (COmputatlon of Low temperature

Damage)(22)

2.4.3 Nomdéraphicduethod ) ’ = »

.The cracking temperature*of asphalt can be estimated |
from two penetrations by using the nomograph shown in
Frgure 2.6. This nomograph was developed by Gaw (23). It:is
based on the fact that there is a~ un1que relatlonshlp -
between asphalt penetratlon at 25 C and 5 C andrthe
’calculated cracking temperature.

- The use of the nomograph isvsimple and the procedpres

. are as follows:

AL
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. Enter the appropriate'values of pénetrébion at.25 C and
penetration at'5 C into Figure 2.6 and ébtajn the
predictéd craﬁkiqg temperature,

2. I1f the penetratioh has been determined at a temperétnre
other than 25 C an& 5 C, extrapolate the‘data to 25 C-

and 5.C by using a semi-logarithmic piotﬁ

2.4.4 fractdre Temperature
Recently, a testing technique to'measure‘temperature

induced stress and fracture température bf asphalt concrete
mixtur;s has been_devqlopéd in Hokkaido University of Japan
(é8,29). The technique consists of measuring the load .
induced on a constrained rectangular asphalt concrete
“§§§Eiﬁ§ﬁ, which is subjected to‘codLing at a programmed
cooling rate« The temperaturekat whiéh,;bﬁ specimen fails is .
termed fracture fempgrata}e. This fracture'témperature is
bfound to correlate with asphalt prope. s, particularly

-penetration and temperature susceptibility.

¥
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Asphalt A

/

Asphalts A & B are of the
same penétration grade.
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) Schematie drawing for
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Temperature ——————e= . |
Figure 271 Variation in Viscosity of two Penetration Graded Asphalts
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3. PROPERTIES OF ALBERTA ASPHALT CEMENT

3.1 General

In order to obtain a perspective viey qf the properties
of asphalt éements that have been used in ;oad construction
in Alberta,bhistorical routine test data on asphalt cements
supplied'toyAlberta Transportation in the year 1979 and 1984
were obtained and analyzed. These data represented eight
grades of road.construction asphalt cements from five
refineries in western Canaﬁaﬂprior to‘and after théfchange
og asphalt specification in 1980. The 1979 data set was the
earliest data set available iniAlberta Trénsportation‘s
computerized data bank; wherea; the 1984 data set was the
latest data set at the beginning of this study.
| The tests were performed by the Alberta Transportafion
'laboratory. The data sets consist of test results of 592'and
581 samples©in 1984 and 1979 respectiveiy. The 1984 data set
consisted of grade 150/200A, 200/300A, 300/400A and
200/300B, and the 1979 data set consisted of grade 150/200,
AC60.0, AC27.5, AC20.0 and AC1 5 The five ref1ner1es were
Gﬁlf 0il of Moose Jaw, Gulf 0il of Calgary, Husky 0il of
Lloydminster, Imperial Oil of Edmonton and Shell of Three

Creeks.

The properties analyzed included\he penetration and
viscosity of both the original and after thin®\film oven
tested asphalts(TFOT). Température susceptibility

parameters, for example, the 'Penetration Viscosity Number

31
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(PVN)', were computed using equations given in chapter 2.
The effect of TFOT on the asphalts was also analyzed by
computing several parameters such as 'retained penetration’',
'viscosity ratio' and PVN after TFOT. The test data and the
paramétersvgémputed were statistically analyzed to detérmine
: theitumeans, standard deviation and coefficient of variation:
for each"refinery and grade. The maximum and minimum vélues
of the data and parameters were also included in order to
give an idea of the rénge and variqbility of the properties.

‘ 'fhe summary -of £hé’test data and computed patameters |
are présented in Appendix & according td g;ades and sources?
The test data énd paramepérs are also presented in graphicFl

form by various plots. The plots are contained ‘in

Appendix B. ‘

3,2 198“est data - |

3.2.1 Grade-ﬂSO/ZOO;’

Three refineries produced\this grade of asphalt in
1984. They wefe Gulf Oil of Moose Jaw, Husky Oil of
Lloydminster and Imperial Oil of Edmonton. The number of
test data from‘each refinery weré>8, 147 and 113
respectively. (Table 3.1)

1. The mean penetration and viscosity values of the Husky
and Impérial asphalts are similar:.However; the values

of the Gulf asphalt are much higher. The mean

penetration value of the Gulf asphalt is actually



outside the acceptable range of 150 to 200 for this
grade of asphalé. This is probably dué to some extreme
test results and the small number of samples tested.

All the asphalts have low temperature susceptibility as
indicated by the PVNs. The asphaits from Imperial have
the largest negative PVN, that is, the most temperature
susceptible among the three asphalts. However, the
difference is small. There is only a maximum numerical
difference of 0.23 between the Imperial and Gulf
"asphalts. The values of the PVN of the Husky and Gulf
asphalts are similar. |

The Gulf asphalts became more temperature susceptible
after the TFOT as shown by the values of ?VNvgefore TFOT
(PVN'(25-60)) and PUN after TFOT (TFPVN(25-60)). The
gVN(ZS-BO) of the Husky and Imperial asphalts has
remained relatively unchanged after the TFOT.
The asphalts produced by Husky seem to show less change
follo;ing the TFOT than the other two-asphalts. This can
be obgg;yed by comparing the value Qf the loss of weight
after TFOT. This suggestion 1is fu?thef supported by
comparing the ratio of retained penetration and ratio of
viscosity after TFOT.

By comparing the coefficient of variation (C.V. %) of
‘the penetration values and viscosity Qalues, it is noted
that the asphalts produced by ‘Husky and Impefial have
smaller variation than the asphalts produced by Gulf.

The higher coefficient of variation of the Gulf asphalts
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is again probably due to their smaller number of samples

te§ted.

3.2.2 Grade 200/300A
Three refineries produced th&s grade of asphalt in
1984. They .were Husky 0il of Lloydminster, Imperial pil of
Edmonton and Gulf 0il of Moose Jaw. However, the test data
of the asphalts from Gulf Moose Jaw were not analyzed
because there were only‘three samples tested. The numb{r of
test data from Husky and Imperial were 120 and 168 ‘
respectively. (Table 3.2)
1. By comparing the values of tﬁgmﬁénetration at 25 C
_alone, it is.noted that the asphalts from Husky are
softer than that from Imperial. However, the viscosity
‘values are similar.
2. Both the PVN(25-60) and PVN(25-135) of the Husky
asphalts have smaller negative values than tha; of the
Imperial asphalts. This indicates that the Husky
asphalts are slightly less temperature susceptiglé.
3. Both the Hugky and Imperial\asphalts became more
temperature susceptible after the TFOT.
4. The weight loss, ratio 6f retained penetration and
| viscosity after TFQT all -show that the Husky asphalts
haye slightly higher resistance to heating and aging
than the Imperial asphalts. )

5. The variation of penetration and viscosity of the

Imperial asphalts are slightly higher than that of the
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Husky asphalts. This is indicated by the slightly higher

coefficient of variation.

3.3 1979 tasf data
3.3.1 Grade 150/200
Op{y_;yo refineries produced this graderof asphalt in

1979, They were Gulf 0il’'of Moose Jaw and Imperial 0il of

Edmonton. The number of test data féém each refinery were 21

and 35 respectively. (Table 3,3) “

1.‘ The mean penetration and ViSCOSity‘Of botﬁ gh? Gulf and
Imperial asphalts are similar. ‘“ 4.

2. The PVN(25-135) of the asphalts of both refineries are
similar. However, the PVN(25-60) and TPVN(25-60) of the
Imperial asphalts are slightly more negative than that
of the Gulf asphalts. It is noted that the PVNs of this
grade ofgasphalt are relativel;lmosp'negative than the
other grades of aéphalts fgﬁicating that ‘this grade of
gsphalt is more temperature Susceptible. fg&ﬁ .«

3. The change of weight of thelImperial asphalt following -
the TFOT is very little. The asphalt also has low
viscosity ratio and high retainéd penetration,

4. The variation of the properties of the Imperial asphalts
is greater than that of ihe Guif‘product. This is

indicated by the difference of the coefficient of
o ) . g '
variation. - S

@« ) ‘ C



3.3.2 Grade AC-60.0
Four refineries produced this grade of asphalt in 1979,

They were Husky Oil of: Lloydminster, Imperial Oil of

. Edmonton, Gulf 0il of calgary and Gulf 0il -of Moose Jaw.

‘However, test data of Gulf Moose JQV were not cons:dered

“because of the small number of testsg 'ne. The number of-

test data from Husky, Imperial andsG C@lgary were 18, 65

and 29 reSpectiveiy. (Table 3.4) !

1. This group of asphalt “is equivgle to.the pueséht
150/200A-asphalt and has a‘range of penetration at 25 C .
from 170 to 182. o

2. The Husky asphalts have a sllghtly h1gher mean v1sc051ty
at both 135 C and 60 C than the Imperial and Gulf
Calgary asphalts,

3. The PVN(25-60) and PVN(ZS 135) of the Husky asphalts

" have the smallest negatdvg’va{ues indicating that the
Husky asphalts are less tempeféturevsusce?;ible than the
~ other two asphalt;.

4. The TFOT has the effect of chahging all the asphalts to _
become more température susceptiblé>as indicated by
comparing the PVﬁ(éS?GO) and,TEVN(ZS—SO). |

5. All the thi;e;asphalts'have a similay retained

-penetrétii.or. aftei thé TFOT. However, the Gulf asphalts
have a very small vi;cosity ratio and weight loss due to
TFOT tﬁéhvfhe'other two asphalts.

6. The Husky asphalts have a much greétér variation in the

‘penetration and viscosity values than the other two.
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3.3.3 Grade AC-27.5

Three refineries produced this grade of asﬁhalt in

1979; They werenHusky 011 of L10ydminster, Imperial 0il of

Edmonton and Gulf 0il of Calgary. The number of test data’

, from each geflnery were 126, 241 and 10 respectively. (Tab1e

3.5)

1.

;values ranging from 276 to 291.

susceptlble after TFOT

)

- This viscosity graded asphalt is eqguivalent to'the

Stesent'ZOO/BOOA grade“asphalt and has penetration .

J.The “Husky asphalts have a hlgher mean v1sc051ty at both

60. C and 135 C when comparing to the Gulf and - Imperlal

-asphalts. The Husky asphalts also have the lowest

, penetratlon at 25 C.

The ®VN(25- 60)- PVN(25 135) and PVN(25- 60) after TFOT o

- of the Husky asphalts have thé smallest negative value

indicating that the asphalts are the least temperature

susceptible among‘the‘three asphalts.\,, . o

uAlthhe three asphalts have become more température

I

VL

_The Gulf asphalts have ghe smallest weight loes,

5_smalles{'vusc051ty rat1o and hlghest retalned P 3

penetration after TFOT among the three asphalts. ggis

.3¢h1nd1cates that the Gulf asghalts are less affected by,

" Taging and hardenlng On the con*rary,'the Husky asphalts

i »
‘have a hlgher welght loss and v1sc051ty ratio after the

TFOT 1nd1catﬁng that they are more- vu&nerable to aglng
N .

. ?nd harden ing.

R Sk
s o
m%‘ . :
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6. The Husky asphalts have a.§lightly smaller coefficient

of variation of the penetration and vﬂatosity valuee.

‘ N,
3 4 Summary

The propertles of the asphalts produced in 1984 and

1979 by various refineries are best represented in plots of -
mean valﬁeS‘of variods properties as shown in éigure 3.1a to
3.1%e and 3. 2a to 3. 2e..Plots of individual test data points
are cont%lnéd in Appendix B. The ianklng of the asphalts by
#re£1heq1es is rategrin Table 3.6 ahd the variability of the

1&84 and 1979 asphalts are tabulated in

, the asphaltq the following are con51dered
: ux e
as de‘urable prodpcts for use in. pavement construct1on-
‘ e @&
aasphalts with' low tempera&ure suscept1b111ty, as indicated

by-the PVN; asphalts wlth hlgh durablllty, as shown by the

'"m'ﬁlmal @ent welght Loss, low v1sc051ty ratlo and h1gh

L,y Be

'quapenetration; and'asphalts'of_uniform properties, as
ihdicated by the coefficient of variation.v.

Most of the asphalts produced in 1984 meet the premium
grade reqUirements of the 1980 Alberta Transportation
_Specificatiqh/for Asphalt Cements' The Shell Three Creeks'

i product is’ marg1nally outside the premlum grade spec1f1ed
11m1ts and is c1a551f1ed as regular grade.

Despite meeting the spec1f1cat10n asphalt propertles

did vary among different refineries. The 1984 test data

El

' For detalls of the specification; see %papter 4
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shows that in-general, the asphalts”preduced.by Husky have
mere uniform properties and are more durable than the other
aspﬁalts pr@duced by other refineries.vThe Husky asphalts
are also the least temperature susceptlble. o

Most of the asphalts produced in"1979 also ‘would have
met or exceeded the 1980 spec1&1cat10n requ1rements for the
reqular grade, WIth the Husky and most of the Imper1al .
asphalts part1cu&arly, complyxng with the requirements for
the premlum grade. However, because the specification in
1979 was somewhat less strlngent there was a greater
variation in the 1978 asphalt properties. The 150/200 gradef
'asphalt which did not have a v15c051ty requ1rement was
tcons1derably more temperature susceptlble than the others.

The 1979 test data shows that in general, the aspﬁalts
produced by Husky are more v1sgous at high temperatures and
consequently less temperature susceptlble than the asphalts
‘produced by Gulf and Imperlal However,»the Husky asphalts
are more* vulnerable to welght lossﬂdy%;to TFOT. The Gulf
»asphalts, partxcu@aaﬁﬁ?@he AC ‘60. 6 and AC 27.5 grade, seem
to have bétter re51séance to TFOT ag1ng and heating. The
' Gulf 150/200 grade asphalts exh1b1t results to the cpntrarym

They have low retained penetratlon and hlgh v1sc051ty ratio

even though their weight loss due to TFOT rema;nsﬁggh.
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Table 3.1 Properties of Asphalt - 1984 Pen 150/200A
) ’ ' Refineries
Properties —
o {mpcrial
Pen 25 C (dmm) 160
(C.V.%) (7)
Vis 60 C (Pa.s) 80.0
(C.V.%) | (10)
Vis 135C (Cst.) 238 S X T T 1
) (C.V.%) . SRR TY) (8) (M
0.00 -0.11 0.23
0.18 0.19 0.35
0.15 0.14 0.24
0.60 0.3] 0.55
2.80 2.30 2.76
0.50 0.58 0.5k °
Table 3.2 Properties of Asphalt - 1984 Pen 200/300A
. ' Refineries
Properties -
Husky- ~ Imperial
Pen 25 C (dmm) _, 276 A © 234
(C.V.%)__ ’ (6) v (D
Vis 60 C (Pa.s) a6 44.6
' (C.V.%) (7) (13)
| Vis135C (Cst.) 201 199
(C.V.%) (6) (8)
PVN(25-60) N +0.05 . -0.22
PVN(25-135) | - -0.05 S =031
TFPVN(25-60) = 007 . -037
%Wtlos 06 0.71
e - .
v Vis Ratio - - 2.46 2.65
Retained Pen - -, , C 083 0.49

N

.&.’.\'}“‘ ‘;n, vA . 0 .



Tabled3 ~ Propertics of Asphalt - 1979 Pen 150/200

A * Refineries
Properties
Gulf - Imperial
Pen 25 C (dmm) 174 ' . 178
(C. V. %) 6 (19
Vis 60 C (Pa.s) , - 48.0 43.2
L (C.V.%) ' (6) (15)
Vis 135 C (Cst.) i 198 200
(C.V. %) (2) - (9)
PVN(25-60) © 067 078
PVN(25-135) -0, -0.68
TFPVN(25-60) 06 0.8
e@emeeemmscenccer s oo fenasr - ot otTtosmtomemeccomesmss
% Wt. Loss o 0. - 0.09
Vis Ratio a8 191
L 3
Retained Pen - %0.50 . 062 i
. ' P
Table 3.4 Properties of Asphalt -1979 AC 60.0
' Refineries : .
Properties
) Guif Husky Imperial
" Pen 25:C (dmm) 182 181 170
(C. V. %) _ : (10) - (33) (5)
Vis60C (Pa.s) - | 62.3 830 73.4
+(C.V.%) : - (19) (6)
Vis 135 C (Cst.) \ 234- 267 o247
(C.V.%) - - Q10 (17) (5
PVN(25-60) | 029 - .-004 . 021
PVN(25-135) .03 . -020 0.35
TFPVN(25-60) 039 -0.11 0.25
% W1. Loss® L ; 0.18 0.55 0.38
Vis Ratio o 2.19 2.41 2.49

'Retained Pen ‘ 058 - 056 055

-
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Table 3.5 Properties of Asphalt - 1979 AC 27.5
Refineries

Properties \

Gulf Husky lmpcrial_
Pen 25 C (dmm) 288 276 291
(C.V.%) (10) 65) (8)
Vis 60 C (Pa.s) 31.5 433 34.5
(C.V.%) | (7) &) (10)
Vis 135 (Cst.) . - 165 200 ~ 174
(C. V. %) . (5) (4) ()
PVN(25-60) | 0,26 +0.08 0.12
PVN(25-135) | 0.37 0.05 -0.25
TFPVN(25-60) 0.39 0.08 0.31
% Wt. Loss 0.25 0.86 0.63
Vis Ratio 2.31 2.55 241

0.56 0.51 052

Retained Pen
y.4

Table 3.6 Ranking of Asphalts ‘by Refineries in Deereasing Otder of Desirability!

1984 1979

" Properties ' .

' @ 1507200A . ° 200/300A 1507200 AC60.0 AC27.5
Temperature Gulf* Husky Gulf* Husky Husky
Susceptibility Husky* Imperial ~  Imperial* Imperial® Imperial
(PVN25-135) Imperial Gulf* Gulf -~
Resistance . . Husky Husky Imperial Gulf Gulf
to TFOT Imperial® Imperial Gulf Imperial® Imperial
, Gulif* ( Husky* . Husky
Variability\,‘; Husky®* Husky Gulf Imperial Husky

L Imperial® Imperial Imperial Guif Gulf*
Gulf Husky Imperial®

~ * Rating is close

'Low temperature susceptibility, high resistance to TFOT and small variability are

considered as desirable asphalt properties for pavement construction.

.t



1.57 -3.25

Table 3.7 Variability of the Properties of the 1979 Asphalts
Parameters Mogsl::“:law Cglgelxrry Llo?dur:‘i(r{ster Elénmpgrrxitagn
. (min - max) (min - max) (min - max) (min - max)
PVN(ZS-()_O)) -0.66 - -0.09 -0.65 - -0.06 -0.51 - +0.3; -1.15- +0.00°
PVN(25-135) -0.81 - -0.20 -0.51 - ;0.29 -1.04 - +46‘.4'2' -1.66 - +0.56
TEPVN(25-60) 0867 -014  -0.47--032  -1.02- +059 -1.17- +0.16
%wilos 019-0.61  005-138  036-195  0.01-18
Retained Pen - | 0.41 - 0.85 0.34 - 0.64- | 0.26 - 0.80 0.38 - 0.78 ,
.~ Vis Ratio 163-3.84 191-395 194-3.89 157 364
| e
Table 3.8 Vériability of the Properties of the 1984 Asphalts
Par8meters Mogsl::“;aw Lloyl'-tll:xs]li(r)l'ster Elc;nmpgrrxit%ln Thresehgllrleeks
' g (min - max) ~ (min - max) (min - max) . (min - max)
PVN(25-60) .. -0.13- +0.18  -0.33- +0.61 -0.49 - +0.24 -0.05 - -0.35
PVN(25-135) -0.25- +0.03 -0.70- 40.29  -0.79 - +0.2] -0.29 ¢ -0.60
TFPVN(25-60) ~— -0.42 - -0.10 -0.42 - +0.35. -0.59 - +0.05 -0.04 - -0.42
%Wt los 032-196 © 007-157  031-132  184-381
Retained Pen 0.32-0.55 0.42 -0.74 0.38 - 0.58 0.29 - 0.44
Vis Ratio 2.13-4.85 1:6 -4.05 3.48 -5.79

43
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4. ASPHALT SPECIFICATION AND PROPERTIES

4.1 Grading o: Asphait Cement o ’ . S e

7

o

There are many grading systems .which are being used in
North America. Different government,kagencies adopt different

systems. However, the most widely used grading systems are ~
o
based on: viscosity, viscoshty after aging, penetration and L

a combinatigon of the above.

-

In the U.S., the most widely used‘system is based on -
viscosity. (ASTM D3381, Table’4.1) In this—systeh, the
asphalt v1scos1ty values at 60 C and 135 Ct and penetration -
%, at 25 C are specified. Figure 4.1 and 4.2 sggw the .
§f- @&:éulrements of ‘the specification tin a peﬁetratlon -viscosity

~ﬁlozﬁﬁﬂhe asphalt viscosity at 60 C represents the

o L
: copszstency of asphalt at the maximum temperature the

;y Sy payementols likely to experlence whlle in serv1ce, while the
viscosity at 135 C approximates the cons1stency of asphalt
V during mixing and lay down. The penetration at 25 C
represents the con51stency of asphalt at 3yerage pavement'
’service temperature. Knowing the ‘consistency 6? a particular
asphalt at these temperatures helps to determine whether the

o~

asphalt is suitable for the pavement being designed.y .R

In several Western states, asphalt is graded accc?éfhé)
o to their viseosities after -aging. Th% idea is to_i@entify -
the V&SCosity characteristics after it is placed in the

pé@emgﬁ

LI . 4

- mixing

t. To simulate aging in the asphalt plant during °/

the asphalt is to be tested,by a given standard oy



ag1ng exposure teSt 1n the 1aboratory The asphalt res1due

that remalns after aglng is then graded accordlng to 1ts
r . + '

v15c051ty. e Co p o
. ‘< e “

v

Grad1ng asphalt accordlng to the penebratlon at 25 C is

b an"older‘method. However it is still W1dely used. Table 4, ?'

% B

shows the spe@&flcatlpn (AS?M D346) for penetratlon‘graded\
. .
asphalt cement and Figure 4.3 represents the requ1rements

.

PN . .
graphlcally - . . |
Im Alberta, 'since 1980 asphalt cements have been graded

. .
N e

o byupenetratﬂon at 25 C'MPlUS addltlonal viscosity

requ1rements at 135 C and 60 C. The penetratlon at 25 C
-
represents the consistency of asphalt cement at average :
¢ N T
pavement serv1ce temperature. Large penetratlon values //

1nd1cate soft' asphalt whereas small penetratlon values
1nd1cate ’hard' asphalt.‘The viscosity requ1rement is

o 1ntended to dbnttol the lgpg term pavement performance,»t'
P e W
partlcular under low wxnter temperatures, by employlng the

‘

penetratlon v1sc051ty relatlonshlp of asphalt cement. In

other uords, the température SUSC&ptlblllty of asphalt

;cement >Wh1Ch can be expressed as PVN or PI, is 1ndrrectly

4

I

‘spec1f1ed

[

4.2'Historical Changes 6f Asphalt § ecification in'Alberta

2

The spec1f1cat10n of asphalt ‘cement being used 1n‘
Alberta hasxbeen changed several tf;es since the
s;xt;eS»(24X. Pr1prrto“19§7, asphalt cements‘of penetrabion~

. - «Q :
120/150, 150/200 and .200/300 grade were specified with the

. = | ; - - ) 4 .‘, - , \
’ . Lo R ~ . ' . 3 3
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200/300 grade most commonly used., There was n0fvxscos1ty

'requ1rement in the spec1f1cat10n. In 1967, based on
exten51ve surveys of cFack occurrence of the main highway
system and feshltsvof road‘tests; the Department oé.Highways
(now Alberta Transpertation) revised the specification and
called faﬁﬁa minimum penetration of 250 at 25 C and a
winimun absolute viscosity of 275 poise at'60 C for as

/

supplied material, Figure 4.4a shows the.historical
/

requlrements graphlcally and contains some of the test data
of the asphalt cement used prlor to and after the 1967

specification change. The addltlonal minimum v1sc051ty,
s R
requirement had resulted in a more uniform product’ from

various sources, eliminatéd the tenderness problem and

rédﬁbe@#the’incidence of low temperature cracking under
g /

normal winter condltlons (24) -

In 1978 and 1979, d&o new grades of asphalt cements

|

- were 1ntroduced They were AC60 and AC27.5. Both grades were

¥

specified by penetrat1on at 25 C as well as viscosity at

6d‘C. Figure 4.4b shows fhe requirements graphicaily. Other

; asphalt grades, though not specified in the 1978 and 1979

specifidation were also used durlng this perlod They were
o ‘ R

AC20.0, AC1.5 and 150/200. 7

KT _
In»1980, a new spec1fncat10n based on peheﬂrat1on and e
Qiscositfbwas'1ntroduced (Table 4 3). It,@onsls;s’of three
‘premium"grades:'150/200A 200/300A, and 309/400A- and two
regdlar grades: 200/3OOB and 300/400B. Flgure 4@; shows’ the

new spec1f1catlon graphlcally.
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o

The numericai grade designation referfs to minimum and
maximum penetrat1on and the letter sufflx refers to priemium
or high viscdsity (A) and regular or low v15c051ty {B). The

specification is based on the rationale that temperature

susceptibility is a flajor factor in selecting paving

asphalts; The asphalt selected should be able to regist low
temperature transverse pavement cracking at the minimum

winter pavement temperature and at the same time should be

 able to provide adeqguate stability for heavy, medium or

light traffig at the maximUm summer temperature.
3

The prem1um grade, whnch has low temperature

)

suscept1b111tf and hence a better res1stance to low
temperature transverse cracklng, is 1ntended for use’ in

regxons with cold’ wlnter temperatures whereasgﬁse regular

S sy
~

grade, which is moré temperature susceptible, 'is 1ntended

for use mn regions of milder. winters, llghter summer trafflc

5»

or conflned to the lower pavement llftS. The harder gradé‘

‘can be used 1p reglons of cooler summers and lighter

asphaltﬁ,for erample, pen 150/200, is 1ntended for use in
regions with'high summer temperatures ard/or heavy truck

traff1c, whlle the softer grade, for example, pen 300/400 ,

traffic. ;
.v .

4.3 Effect of the Change of SpeCifiC&tiOnﬂ,'* | ¢

In,orddr to evaluate the effects of the changes of
: [ , . ) .
asphalt spedification in 1980 to the propergres of asphalts,

the properties of the 1979 asphalts were cpmpared with the
S Y : - » : A

e '] ‘ * : * o i,



. 1984 asphalts for each refinery. (Table 4.4-to 4.6)"

1.

+

“
L4

Most refineries in 1984, had produced %%phaits of lesser

temperature susceptibility than in(1%79.

The Gulf and Imperial test data show that the asphalts

produced in 1984 are less temperature susceptible than

4

those produced 1n 1979 as 1nd1cated by the temperature

' susceptibility. parameters PUN ( 25- 60) and PVN(ZS 135).

‘_change in temperature - suscept1b111ty of the asphalts

specification limits.

The Husky ‘test data show that there has been 11tt1e
produced since 1979,

There is generally a greater Aardening and ;eight~loss
after the TFOT since. the change'of specification in

1979, even though the results are much within the

lf¢¢The retained penetration and viscosity ratio of the Gulf

- ‘asphalts produced in 1979 and 1984 remain rela*ively

zgunchanged However, the percent«weight loss of‘tﬁe 1984

product is substantlally greater than that of the 1979
product. Thls 1nd1cated that the Gqun@s%aplts have

become less durable 51nce 1979

5

'The Imperial asphalts have also become SIidhtly~less

durable since 1979 as indicated by their intrease, in

4.%?

percent;weightfloss and viscosity ratio. THe "smaller

retained penetratiop of the 1984 product also confirms

L Y

f . ' b
the above observation. The durability of the Husky

asphalts, on the contrary, have improved OVe;Tthe period

from 1979 to 1984. The 1984 Husky asphalts_have .a slight
. ' i . i ' ‘ ;
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1ncrease in re%alned penetrat1on and a decrease in
v1scps1ty rat o Furthermore, their percent weight loss
has reduced suﬁstantlally since 1979.

3;, The change of spec1f1cat10n has also affected the{
varlatlon of propert1es of asphalts’ produced since 1979.
The Husky aspha%& paftlcularly the 150/200 grade, have

\V

‘become mbre uni 6 m in the1r con51stency propertles.
ai Lo

4.4 Summary .
- Table 4. 7 shows the comparison of the propertles of the
1979 and: 1984 asphalts from all sources. Figure 4.6 presents

the comparlso$ of the 1979 and 1984 asphalt propertles
graph1cally. $:_‘
. From the"{able‘and&¥igures, it is noted that the change
S in specxf1gat1on in 1980'has affected the properties of the
asphalt cement be1ng produced The general effects are that
the overall 1984 asphalt cements have become less |
‘temperature susceptlble, sl1ght1y less durable and more
unlform. The eXceptlon is the’ éusky asphalts whxch have
shown_lmprovement in re51stance to TFOT aglng and have

[}

remained relatively unchanged in temperature susceptibilty.



Table 4.1  Requirements for Asphalt Cement, Viscosity Graded, Table 1&2, ASTM D3381

i

TABLE ¢

Nott —(rading based on onginal asphalt

Vistonts Grade

Ttll e e 4 A+ ——— e —— e - e o ——
AC.2S8 ACS AC-10 AC AC -0
Viscosity . 440°F (60°C). P 20, %0 UL 10 1000 200 000 4 40 4N, N
Visconty, 2180 (138°C), man, ¢St 80 110 Rl 210 o
Penetration 17°F (25°C), 100 g 8 5. min 200 [0 n 40 0 -
Flash pount, Cleveland open cup, min. *4 1506l M 424019 45002 430423
(0 M . I3
Solubilits in tnichloraethylene, min, % WO wo W wo LX)
Tests on residue from thin-film oven tesl B
Miscostty, 140 (60°C), man, P 1250 2500 Lt 1 1] 10,06 RiLLY
Ductility, 77°F (25°C), S em/min, min. cm Ho0* 100 . 0 1
e ' ’ '
l \\.m

~

TABLE2
Notr ~(irading based on onginal asphalt

ot li'duculn,\ 15 fess thaan 100, material will be accepied 1f ductihity at 6% (18 $5C ) 100 mimimum atardicol Sym. min

TV isconty Grade

Test
AC-2 ¢ AC-S AC-10
Visconity, 140°F (60°C). P 290, W0 SO0 5 100 0 4 200
Viscouty, 2758°F (135°C). o, ¢St 128 (R 0
Penctration. 77°F (25°C). 100 g, S», min N 140 LY
Flash point, Cleveland open cup, min, *F B TR RTNN b i 7] ad} 42221
(M 9) b

Solubthty 1n trichloroethylene, min. % wo 9o wo
Testa on residue from thin-film oven test ’

Viscouty, 140°F (60°C), mar. P 1280 200 «KN)

Ductihty 77°F (258*C). Sem ‘min. min cm 1op* 100 7

2000 4 00

o
[
10023

wo

10,000
Al

AC 40
4000 5 R’
400
40

LA (TN
w0

20 .0
Y

* [ ductility 13 bess than 100, material will be acvepied if ductibity a1 60° (14 $°C s 100 miumum ata rate of ¢ cm min

B

Ed
T ’ Penciration Grade
40 50 T 60 20 83100 120 150 200 300
» ) Min Mar Min Mar Min Max Min Mar Min Mar
M;nbon at 7T°F (25°C) 1 «w 0| e ) 100 150 | 200 [ 300
55 )
Fash point, °F (Cleveland open| 450 430 ‘ 350
cup) ) @
Ductility at 77°F (25°C) S cmf 100 100 .| 100 .1 100 100*
=, cm ) f N
Reuined penetration after thin-| 59 . $2. 1 4. . 4203
Sim oven test, % ¢ }
Ductshity a1 77°F (25°C) § e/ . 0 7% : ﬁ ’
min. cm afier thin-film oven tent o : ‘
r.st . . LAY :
Solubility in trichlorocthylene] 990 6o | %0 -] e
L

* if ducuity at T7°F (25°C) 13 bess than 100 cm,

st the pull rate of S cm/mus

W

2

B

matenal will be acoepied of ductility a1 60°F

iy,;‘

CLONPC s 100 ofn Minimym *

&

Tﬁfble 4.2 Requirements for Agphail Cement, Penetration Grgd;d. ASTMH D946 T

|2

¢
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Table 4.4 - Companson of Gulf 1979 and 1984 Asphalts )

" \ '*, 1984 ' ' 1979 ’ _ | Y
Properties : v C,
_ Moose Jaw . %8?” Jaw Calgary
150/200A 200/300A  150/2000 AC60.0 AC60.0 ~ AC27.5
irnzscmmm 208 244 1T 19 R 28
(C,V. %) : (23)  (NAY) (6) (N.A) (10) (10)
Vis 60 C (Pa.s) 67.3 45.6 48.0 62.9 62.3 3.5
(C.V.%) (22)  (NA)  6) (NA) - (D) (1)
Vis 15 (Cst.) 238 209 ¢ 198 239 234 165
(C.V.%) (i)  (NA) @ (NA) (i) (5)
PVN(25-60) -0.00 -0.10 067 -0.14 -0.29 -0.26
PVYN(25-135) 018  -0.16 -0.70 0.22 036 - -0.37
TFPVN(25-60) -0.15 042 -0.66 -0.18 039 -0.39
% W, Loss 060 074 028 049 018 025
Vis Ratio 2.80 243 2.8 280 . 219 23
‘Retained Pen 0.50 048 . 0.50 0.51 0.58 0.56
Table 4.5 Comparison of Husky 1979 and 1984 Asphalts
L ° 1984 1979
Properties — :
150/200A  200/300A AC60.0  AC27.5
Pen 25 C (dmm) 169 % ¥ 18 ¥
(C. V. %) (7) (6) (33) (5)
o VsQ0C(Pas) ¢ LS 42.6 83.0 433
(C. V %) (8). (M (19) (7
‘ ) . °
Vis 135C(Cst.) o 201 267 200
(C. V. %) - (5) (6) . (17) (4)
PYN(25-60) - . -011  +0.05 -0.04 +0.08
~ PYN(Se3S) -t 09 4 005 0.0 0.05
© - TFPYN(2s- 60) ©o0a4 w007 <011 -0.08
% Wt. Loss 0310 061 055 086
‘VisRatio o230 246 241 2.5
- RetainedPen . - 0.8 053 056 051




Table 4.6 , Cbmparison of Imperial 1979 and 1984 Asphalts
1984 ' 1979
Propcrties -— -
. 150/200A 200/300A 150/200 AC60.0 AC27.5
"Pen 25 C (dmm) 160 234 178 170 291
(C.V. %) (M (7)- (15) (5) (8)
Vis 60 C (Pa.s) 80.0 4.6 432, 73.4 34.5
(C.V.%) (10) (13) (15) (6) (10)
Vis 135 C (Cst.) 259 189 200 27 174
(C.V. %) (7) (8) (9) 5y (8
PVN(25-60) 0.23 0.22 0.78 021 0.12
PVN(25-135) 0.35 0.31 0.68 0.35 0.25
TFPVN(25-60) © 024 0.37 -0.88 0.25 0.31
% Wt. Loss 0.55 0.71 0.09 0.38 0.63
Vis'Ratjo 2.76 2.65 1.91 2.49 2.41
Retained Pen 0.51 0.49 0.62 0.55 0.52
Table 4.7 Co/mpsx@n of 1979 and 1984 Asphalts from All Sources
o 194 ' 1979 |
—_
150/200A 2?0/300A 150200  'AC600  AC215
Pen 25 C (dmm) 167 251 176 176 286
(C.V.%) (10) \ (10) (13) (15) (7
Vis 60 C (Pa.s) 80.4 ‘438 45.0 78 374
(C.V.%) - (10) (11) - (13) (14) (14)
Vis 135:C (Cst.) 266 200 199 247 183 ¥
(C.V.%) (7 () (7) (10) 9 &
PVN(25-60) -0.15 0.11 0.74 :0.20 01205
PVN(25-135) 0.26 0.21 0.68 -0.33 0258
- >3
TFPVN(25-60) -0.19 0.24 0.80 -0.26 ;931
% Wt.Loss . . 0.43 0.67 0.16 0.36 - 50.70
Vis Ratio 253 2.57 2.27, 2.41 2.41
Retained Pen 0.55 0.51 0.57 0.56 0.52
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Two grades.of as e ]
' o e
crude source repmesenting/asphalt cements of d1fferent

. 5., LABORATORY TESTS OF' ASPHALTS

5.1 Laboratory Testing Program

Followihg the analysis of historical test data, a - ﬁ

laboratory testlng program of selected asphalt cements was
developed mThe maJor objective of this testlng program was

to evaluate the low temperature~-erformance of asphalt

cements produced from‘differen‘ﬂi ¥ally available'crude

sources.

nt samples from different

«
temperature susceptibilities were obbained from Ess©o

4

Petroleum Canada and Hus&y Oil of Lloydminster.

Two types of laboratory tests were carried out.

denVentioﬁ@&‘physjcalrtests werg Garried out to define'the

rheologieal‘properties and temperature 5usceptibility

o

‘parameters which were used in evaluating the low temperature

- performance of the selected asphflt cements.

The tensile splitting;test, which4Pas.been\used at- the

Univé?sity'qf Alberta and improéoved in this prqject,qwas*
v | . o~ , , )
utilized in testing asphaltic concreteacylinders prepared

LS

from the dlfferent asphalt cements. The ten51le ‘properties

obtained from the’ tests were used in evaluating the asphalt

s
- a !

cements for low temperature performance. : ‘

-
.

‘ TN



[
5.2 Description of Asphalt Cement‘ﬁamples

" Two criteria were usedffor the selection of asphalt

O

cements for laboratory testing. First, the selected samples

were to represent a,pard grade asphalt cement‘35/100) and

a soft grade asphalt cement (200/300) . e ,

Seco o ] thq selecfed samples within a given grade

S s P
: TN
were to re reésent dlfﬂerent }ﬁmpérature suSceptibility. In ‘\\\w ‘

¢
this regard asphait cements manqiactured from different

w
Y

sources of crude oils' were chosen ., *his 1nc1ud%t%the Cold .
Lake asplfalt cement and the Réawater-Gulf %gend asphalt

'cement, whlch were . obta1néd from Esso Petroleﬁm Canada. Tﬂﬁ- N

- &

Cold Lake asphalt cement whlch was produced from heavy
\ . ]

cryde o1ls, was considered as low temperature

susceptibility. The Redwater-Gulf Blend asphalg cement,

wvhich was specially formulated from lighter crude oils to

‘exhibit high.temperature Susceptibility, was alsp chosen in

o?der to'render the/gﬁeatest\posS{b;é\difference in. - /4
temperature 5usceptibi{ity betngen/samples;
‘ 'f ?or comparison purpose, thedasphalt cement produced:
from:the heavy crude oils of the Lloydminster area'was also”V
obta1ned from Husky 0il .of Lloydmbnster~ This aSphaly'cement

was con51dered as'ﬁow temperature susceptlblllty

~

'As a resu}t, | total of six asphalt cemémt samples was

chosen for testing in the followxng laboratory tests.

»

- H
» ' k ’ >

P y
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such as v1st051ty, ﬁi‘etrawlon ahd

as Penetration Viscosity.Numbers g}

v“i’, ; . 1">‘ R ' = ' L 701

°

o . ' . "
5.3 Conventional Physical Tests j

In this laboratory tedﬁing‘p{ogram, only the common
physical tests of asphalt cements were carried out on

six samples. The primary emphasis'was placed on the KE

evaluatlon of the con51s€ﬁncy propert1es of the ‘ma t S

temperature susceptibility paramet ”.; R materials, 'such

Y

Standard ASTM testing proceddr53“€1re ultilized fpr all

the phy.‘l '_t:_est\’s. The major deviation' in consistency tests

from the s;ﬂndard testingfprocedUres involved meaSurément of

. ASTM D2170 and ASTM°D2171 standard test procedures were

‘for 5 seconds.

penetratmn at 4 C. In this case, only tfle ten*ture of

the bath used for condltlonlng of -the asphalt qements was

AN

~ad3usted All the other testlng condltlo s gemalned‘&he same

as descrlbed in the orlg1nal standard tests Thus, the
penetratlon }est%% 25 C and 4 C wgre made following

ASTM D=5 procedures, by loadlng the needle,w1th 100 grams
” .
Slmllarly, in VISCOSIty gégts at 135 C and 60 C ‘the\

- »

.

* .
o

-foltawed. | o , , e
. % L ! . \v :, |

5.4 Presentation andiDiSCussién{of Test'Results.

-, "

{

-

AS 4.1 Phys1tal PrOpert1es ," ' o BT

Table 5.1 summar1zes the results of the ph?sxcal tests'

xW‘

that have been carried out in tQ;s phase of research

A}




LI | L 71
‘ i,
, !

: .Reported values are averages ofvfive'individual tests; | ~g'»gj
| except for soften1ng p01nt and ductlhity Flgure 5.1 and 5. 2 |
show the absolute v1sc051ty at 60 C 8ﬁﬂ klnematlc v1sdos1ty
’at 135 C plotted agalnst penbtrat1on at 25 C, Append1x C

”g ives the phys1ca1 test data prov1ded by the suppllers.~

From ‘the table, it is noted that the pe 'yGQtlon at

25 C of aﬁbgasphalts from all sources are<gu1 » uniform. -

However, the penetratlon at 4 C dlffers substant1§hly .
between sources of the same grade. F\rtrtuligly, the L
Redwater Gulf Blend asp alt has the 1owest penetration va~ ,
/' at a.c among thenthree asphalts of ‘each grade. This “ '
| 1nd1cates that this asphalt is harder than *the Cold Lake and
leoydmlnster asphalts at low temperature éven though they
have 51m11ar penetratlon valmes at 25 C, C ' : ”‘34\
o

The viscosities (both at 135 C and 60 C) of the

»

: ~"Redw§ter Gulf Blend asphalt are partlcularly'!ow (ggr both

?

grades) when compared with the v1sc051t;es~of the asphalts

from Cold Lake and.Lloydminster.:This'shows that the.'

RedwatervGulf Blend asphalt ‘is a low vasc051ty asphalt LU
- The consistency measurements of the Cold Lake and ‘ u

Lloydmlnster asphalts are s1m11ar in most aspects.

; e The Redwater Gdif Blend asphalt has the h1ghe§§ rxn%

and ball soften1ng point among the three asphalts,

partlcularly in the 200/300 grade. .
The ductility of all the asphalts meets the L
spec1f1catlon requ1rement of a m1n1mum eﬁtenslon of 150 cm |

*at 25.C . _ - | L
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» | , :
o 5.4.2 Temperature Susceptibillty Parameters

o i
- Table 5~“presents the temperaﬁﬁre suscept1bi11ty

;*”’*parameters, PVN (25~ 60), pVN(25~135) PI(R&B) and

£

PI(dPen/dT@m~usﬂbgngﬂ&.from Table 5.1 and equations

V*W*Qdé%cxxbed 1n Ghapter II. Table 5.3 l1sts in decrea51ng omder

ef\ ) A
T the temperature susceptibility of the asphalts by the &our tﬁys&’

£

methods. ’ o B o '

R

,Thd‘Redwater—Gulf Blend aapha1t~i!!the most temperature
xsusceptlble im both gr desi.gcordlng to the PVN and
b1 (dPen/aT) methods. fthe contrary, the PI(R&B) method

. shows that this aSphal is the: least temperature

ctlon‘, the Redwater- Gulf Blend

susceptible. Obv1ously this is not correct because, as will
be shown 1p the next SL

PMhalt is a waxy aspha,lt which glves false R&B softenlng

- po1nt leadgng to erronbous PI(R&B) values.
Y.

" ) 1}." .
..
' »”

- ’
.- . temperature susceﬁtdblllty parameters do not distinguish the

-

The temperature suscept1b111§y of the Cold ‘Lake and:

'Lloydm1nster asphalts are very 51m11ar and the ﬂ1fferent

ordeér of their temperature sUsceptfbility‘

' qu\the 85/100 grade @sphalt. samples, PVN values
indicate that the Cold Lake asphalt is slightly more,“
temperature-susceptible than the Lloydmfhster asphalt with a
‘maximum numerical difference of PVN values of 6.20. However,

. both the PP(dPen/dT) and PI(ﬁ&B) values indlcate.tb the
contrary They 1nd1cate that the Lloydm1nster asphalt is

lmore temperature suscept1ble as ‘shown by the lower PI - o

vatues. The maximum numer1ca1 d1fferences are 0.65 and 0 19- |

L



¥

respectively. T ,

(g;ade asphalt sampleq, PVN values f

, P N
indicate that the tqmqﬁratpre suscept1b1l1ty of both the

For the 200/
- leydmlnster and Cohd Lake asphalt*are very similar with-a
max1mummm¥mer1caf'd1§fereﬂ§e*pf ohly 0.09. However, sthe

w@ Pltgxen/dT) vaLueaw%>gacate that the Cold 'Lake asphalt is

-

more temperature s (1ble than the Lloydm1nster asphalt

d1cate to the contrary The

0

whereas the. PI(R)V"f
PI(ﬂPen/dT) of €h91§old Lake sample is 0.83 more negatlve
_than the vah:f pf the Lloydmxnster sample whereas the

ﬁbI(R&B) ofﬁthe'Lloydmxnster sample is 0. 20 more.

S’ AL
Wlth the PVN(ts 135 ydeherally hav1ng a sﬂlghtly lower

_ éOh and PVN(25-135) values are quite similar

. value. The maxlmum"ﬁﬁmerlcaﬁ dlfferegce 1§ 0.28.

. ! -

The Pl and ihe PVN values are not equal The
&@ B ¢
PI(dPen/dT) values of ail the test samples’are substantlally

Q

loqer than_the'correspdndrng PYN(ZS*GO) and PUN(25- 135)
»va}uesrvmhe maximum mumerical difference is as mych ‘as 1.88.
The difference is obvidous, siﬁcehthe PI(dPen/dT) employs two
‘penetration"reaé%ngs which aecbu;t fer the temperature ‘
suaceptibilitywof ‘the 19wer.temperature regioh;"whéreas the
PVﬁ employs One.penetratien'ahd one viscosity reading which
account for the ‘temperature susceptibility of a wider and
’higher temperature region. The lower‘PI(aPen/dT) Qalue shous
‘that the temperature suscept1b111ty of ‘these asphalts are

Vel

greater at low temperature than at high temperature.
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temperature susceptibilty.
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-

The dig!irence of temperature sus ceptibiiity between
low and high temperature region 1s ‘best illustrated by thés

Bitumen Test. Data Chart which:ig the topic of the next

section., ~ :@«
L -J

.

5.4.3 Bitumen Test Data Chart

¢

N Figure 5.3 to 5.5 show the plot of viscosities and
: ]

penetration values of the six Samples on the Bitumen Test -

”‘Data Chart (BTDC) developed by Heukelom (10). The chart

provides a convenient method‘to graphically present basic- -

asphalt properties. The straight lines joining the viscosityw_;
. » Tl

data and the penetration data indicate the degree of
tempéreture susceptibility in two temperature range., Steeper
slopes indicate a greater temperature susceptibility.

From the BTbC it 1% noted that the slopes of the
vstralqht lines joznlng the Redwater- Gulf B1lend asphalt data
‘ere the steepest 1nd1cattng "that this asphalt is the szt'

temperature susceptible among the®three asphalts. The slope

“of .the straight lines joining the Cold Lake and Lloydminster.

' ésphalts data are similar indicating that they have similar

-

It is also noted that the lines in the penetration
region are all steeper than the lines in the viscosity
reglon.'Thls agrees w1th that the PI(dPen/dT) values are
more negative than the PVN values as discussed before.

For the Cold Lake and Lloydminster asphalts, the

straight lines joining the two viscosity values meet ciosely

o -~

2
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.

to the ring and ball soften?ng points whereas the ring and

.

~ ballbsoftening point of the Redwater asphalts fall on the -
) y ' 7
.~ right hand side of the line, This is an indication that

_there may be wax presence in the Redwater-Gulf Blend. .
v

asphalt. 1f  ’x is presence 1Q@the Redwate¥r-Gulf Blend

s asphalt the:r1ng and ball softenlng point of this asphalt

wlllebe false and the PI(R&B) calculated for this asphalt

Pasl

will be an erroneous indicator of temperature' o
 susceptibilitys Sy “ . _

\; The uppermost in;ercept’@ﬁhere peneﬁﬁbtion is equal to*

[y

fﬁﬁéi'in the’penetration~portfon_of the plot is an indieatbr -,
of low temperaturewperformance;,poorer low temberaturecfx>
performance will be expected when these intercepts occur at
hig@ef temperatugéﬁe By comparing Figure 5.3 to 5.5, using
the above method, it is noted that the Redwater Gulf Blend

asphalts have the highest temperature 1ntercepts for both

) grades, 1nd1cat1ng that they will have poorer performance at

- low tempera;ure{ ) ;f' .
5.4.4w§£iffness Modulus o ' ‘vb K

The tendency‘of a mix .ank at low temperature is
rzlatéd‘to the binéet sti ness_mudg}ue at low temperature
and loné loading time. If order to predict the low ’ o
temperatufe eracking p formahce of the samples, the Ve
stiffness modulus of‘éll the six aamples have Seen‘ |
1 : .

determined at -30 C and -20 C using:

1. Original van der Poel Method

e
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2. Heukelom's Modification Method and
3. McLeod's Method |
The details of these methods have been describe! in
.Chapter 2. ‘ |

A‘loadiné time of 20,000 seconds and 1800 seconds have
been used and the calculated stiffness mbdulli‘are given in
Table 5.4.

The stiffness modulii as calcula%ﬁd:by the Heukelom and
MtLeod methods show that the Redwate;ithf Blénd asphalt has -
the highest stiffness among the three‘asphalts, at
temperatures of =20 C and -30 C for Ioaé;;g timed of
A1800 seconds and 20 000 seconds. This indicates that thig

‘i

asphalt has the least res1stance to low temperature .
s ' | B w.
crackjing. _ : B : '

R\ On the contrary, the stiffness modulii as calculated by

the van der Poel's method show that the Redwater-Gulf Blend
" ‘ t

asphalt has the lowest stiffness among the three asphalts.

Again, the erroneous indication\is due to the use of the
: . by _
,fal§e'ring and ball softening p&int in calculating the . !
o g ]

» Stiffness IQ the van.der Poel's methodu ..

7\, The st1ffﬁéss modul11 of the Cold Lake qnd Lloydm1nster
asphalts, as calculated by the three metﬁéds, are very
. close. Hence, the performance of these two asphalts at lew
temperatures is expected to be 51m1lar

The stiffness modul11 of the 85/100 grade aSphalts are
hlgher than the correspondlng 200/300 grade asphalts when

.comparlng asphalts of the same crude source. This is opv1ous‘

'} (/ o # ' , \ .
O e - - ‘
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s%nce'the harder grade asphalt is erpecqed to be stiffer.

; uoweuer, the above logic may not hold when comparing
asphaits from d?tterept crude sources. For exampteiwthe///
stiffness of t?e Redwater-Gulf Blend 200/300 grade asphalt,
at -30‘6 and at both 1800 seconds and*zo 000 seconds loading
t1me fs h1gher or equ1valent to the Cold Lake and
LlofdMinster 85/10g.9rade asphalts. Th1s clearly .
demonstrates that lﬂiectlng gsofter grade asphalts. to improve
IOZ temperature performance of asphalt pavement does not
always work and that a hard grade asphalt may perform better
than a sott ;?ade asphai; dep;ndmg on the1r temperature
suscept1b1l1ty. 1 ‘Q N

5.4.5 Cracking Temperdture S .

Cracking temperature of asphalt, as discussed it
'Cﬁapter 2, is a more dltect indication of the pavement s
‘relative'performance at low temperature. In this research,
the cracking temperature of each. asphalt sample has been

‘,r'.:;

*4ca}cg1atedﬂvslng Heukelom S modzfze& mEthod and baaad on a-

it ,‘fﬁhalt stlffness of 1 x 10~JN7M2 at 1800 Seconds
S ‘:’t‘q"\': ' ‘ .
‘ ‘aﬁ?bg tImeV The results of the carculatlon are tabulated'
ingble s.5. o -

s |
. fFrom the table, it is noted that for both grades the

Redwater Gulf Blend asphalts develop thermal cracklng at a
o

hlgher temperature'than those of Cold Lake and Lloydm1nster.,

For the 85/100 grade asphalts.g?he d1ﬁferenceﬁ'1a~ctackxng

P

temperatures among, the three _slts are, not s1gﬂ1f1cant )

"gk Eie

+

.

N A
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. The Cold Lake asphalts have slightly lower cracking
temperatures than the Lloydmlnster asphalts. For the 200/300
grade asphalts, the d1fferences in cracking temperatures

among the three asphalts. are substantial. The Lloydm1nster

,‘asphalts have much lower cfaéking temperatures than the Cold.

Lake asphalts. ' , R ] : ’.‘
The softer asphalt (200/300) has q_loeer:cracfing
temperature than the\harder_asﬁpalt‘(BS/IObJ} The.difference
911 cragking temperature between the two gra es is ,
significa‘tly,larger for the-LIbydmins;er a%phalts. i

The clalculated eracking temperatures may not be the

actual cracking temperature of the pavement because of ‘tHe

' as§ﬁmption of a limitiﬁg stiffness of 1 X N/m I 800

seconds loading time. However, the cracklng temperatures

computed have been shown to be excellent 1nd1cators/for
/
_compar1ng the low temperature performance ,of varioys

t

N | ‘/7,

/

e

.asphalts (15)
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- Table5.1 = Propertiés of Asphall Samples o
- | 85/100 e 000300 )
Properties o - : e : ‘ - h
R "C.L*  Loydr  R.W2  C.L.  Lloyd. R.W.
Pen25C (dm) % 95 94 93 - 263 254 24

"Pen4C(dmm) 9.0 68 5.7 193 26 | ?.3
Vis 60 C (Pa.s) © 1582 . 1890 529 434 a4 9.5

C VisBSC (Cst.) 340 391 160 187 202 104
R&BS.P.(C) ' 450 . 445 . .470 - 360 - 360 420"

Ductility em) . 4+D30 - 4150 4150 4150 . 4150 +150

‘ iCold Lake B | |
’Lloydminster B , o »
SRedwater-Gulf Blend - _ ‘ C

Table5.2 vTempefature'Susceptibiiity Parémgigrs , . '

_ | - 8100 . 2007300

-. Parameters — - ’ —— ,

: | C.L.  Lloyd.” R.W. .C.L.. Lloyd R.W,

‘PI(dPen/dT) - 127 <193 . -228 -89 - 106 -2.96

" PI(R&B) - 095 -l 040 061 -081 ©  +187

@ s ‘ : R

" PVN(25-60) 036 -0.19 . . -1.56 -0.01 004 . -118 o
PVN(25-135) -~ - -0.53 033 16l -025 . -016  -1.46
t N ) * - ‘ . : B - N -

‘\1‘ Table5.3 - 'Qetreasing Order of 'Tempé‘tatu,re Susceptibility  * . ‘

. Grade . PI(dPei/dT)  PI(R&B)  PVN(25-60) -  PVR(25-135)
e - R.W.  Lleyd* = R.W. - RW ..
Pen85/100 ~ - . Lloyd. - - C.L.* C-L.* . C.L
| C.L. R. W. . Lloyd.* Lloyd.*,

..... .--.......---.-..--.---.--.._-..---...--..--..--.--...'...‘-..-..--..--..»...--0..... -~
R.W Lloyd.* R. W, R. W
Pen 2004300 C.L ¢ CL* Lloyd.® C.L.*
- Lloyd ¢ RW C.L* Lloyd.*

~*Values are close -
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' . Table54 . Suffness Modmus- or Asphalt Samples , L,
T 88100 T aw/soo L :
c. Llf« Lloyd.:- R\‘.\»y}.’g CoL. - Lloyd. . g. W,
(1) Loadmg Tlmc = 20, 000 Seconds S e R N |
R I A A A A I I I 2 I I I A L L J ---------------- 'vf’-onn h-- ------- . ---fn-
© (ayAL-30C" s ;o B
(i) van der Poel 50.0°  S00 4 220 ) 30 07
‘ . - o . ‘ o ) ‘A /", .. l-,_\v‘.\ B .‘ R
(i) Heikelom . >~ . 50.0 1000 /1500 0 50 500 ‘
N . . : . \‘.\ B L . ‘. . T U . . ." . :‘! ’ e ‘” .
(iii) McLeod * - 200 200“ 1000 - L5 20 . 7100
- (b)At20C R ‘/ Ty
& T Co ) ) e
(i) van dér Poel 3.0 50 3.0 0.2 02 - 01" -
(ii) Heukelom, .50 /50 8.0 04 . 02 .10
(iil) McLeod 20 7 20 100 01 02 05 |
(2) Loadmg Txme = 1800 Seconds o CRRIR A i
(a) AL -30C -/ o T - o
' / o L ' !
(i) van dér Poel- 1000 ,  150.0° \-.‘ 9.0 . 150 20.0 2,0 _
o / z 2 . . ;’k-«‘ ;“‘-‘\ -
- (ii) Heukelom 200.0 5000  800.0 50.0 200 5000 - ,
(iif) McLeod . Jf 11000 soo 5000 . 8.0 10:0 80.0: o
(D)AL-20C - | o
/ ) ) oo ' . . \
(i) van der Pocl 20.0 5.0 \ 150 1.5, 1.5 0.4 -
" - (ii) Heukelom 300 400 500 4.0 15 . 109
(iii) McLeod - 10.0 100 9.0 0.8 100 . 40
' “*Unit of Suft’ness Modulus is in MPa o —
.+ Cold Lake " - R
leoy inster ,
/ *Redwater-Gulf Blend .
S -~
v -
//‘v;
/ . d
./’/p , ’—/:



' "Tabl}e‘s;.s‘ o Estlmated Crackmg Temperature‘ of Asphalt Samples

' K : 85/100[ - . .1200/300 -
_ S C.L.  Lloyd. - R.W. ~ c;L-J.‘o,»J.Vl;loyd.‘ ~ R.W.
P“l‘(dPe;l/d'I:‘)‘ RS Vs B 195 228 N

o106 296

. PR < e . ¥ PR
T@H 0 860 . 710 .. 730 %0 0 640
| 'T(800pen) . “s 40 400" ) .34':5  C R0
CrackTemp (C) Cals -0 30 L Bss v 320'
- ‘Assummg limiting stiffness equals toleO’N m at 1800 second‘s loadmg ume'
/ 4 v
;" ! v b
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. 6. TENSILE SPLITTING TEST

s, £ N . .
' 6.1 Ini;,;tfuctlon o .

. Since the early, 1960's, research has been_ongqxng in

§ Sy b

Alberta on the cracking of asphalt paiéh

Y

t6

" thermally induced stresses. One of the im” factors!

/
this problem involves the tensile preperties of the asphalt

concrete ‘pavement at ioﬁ temperatures that are experienced
_in the pavement at service temperatures common to Western
Canada (25). | P .
fhe {ndi;ect.tensileusplitting test has been used at

the University of Alberte for over twenty years to evaluate
the characte;istics ef laboratory compacted and core
specimens from existing pavements. Oﬁe of the first detailed
descriptions of the equipment end test method‘used“then was
presented to the AAPT annual meeting in 1968 (19). Since
tﬁat”time.the test qethod,has'beentused to evaluate aSphalt,;
concrete prepe?Ed frem a variety of asphalt cement and
aggregate combinations (25,26) | |

u In add1t1on to many h1ghway sectlons in Alberta, cores
have been tested from the Ste. Anne test road in Man1toba.

Data from this test road, as well as many others, has led to

the development of methods to evaluate the cracking A
potential of asphalt pavements due to thermally'induced'
stresseé. One such method is known as the COLD pregram

.(Combqtatiqncof Lbw Temperature Damage) developed fon\the

) : 7
NCHRP project 1-10B (21,1&).
. 86

)
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The current 'study of the low temperature.tensile

propert1es of asphalt concrete mlxtures using aspha
cements from dxfferent crude sources has: also employed this
method w1th ‘an ;mproved data acqu151tlon and processzng
system using mlcrocopputer technology.

While the test result of this study will be the major
content of tﬁis‘chapter, more detailed descriptlon'of the

test1ng procedures and apparatus has been 1ncluded 1n

Appendlx D.

6.2 Summary of Method

-~
F 3

The tensile splitting teSéKmethod consists of loading
an asphalt concrete cylinder via loading strips across.a
diameter, in a compression. testing frameyand within~a
controlled temperature chamber ma1nta1ned at a constant low
temperature. Output signals from a load cell and three.
l1near variable differential transformers, are recorded on -
floppy diskette by means of a datalog card installed on a
microcomputer, F1gure 6 3 shows the schematic of the test
equipment layout

By the use of the Lotus 1-2-3 spreadsheet program, the

/f'raw data recorded in the diskette can be processeq” and the

tens1le ‘failure stress, stra1n stlffness and sgﬂess straln

d1agram are obtained.
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6.3 Theory

" The’ s%}ution of . the tensile splitt1ng test is based on
the theory\of elastic;ty }Briefly. in a plane stress
condition, the stress distribution within a cyclzndr1ce1
disc subjected to concentrated load (or a load strxp eftr\
gwidth less then d/10) is both compress1ve and ten51le as
shown in Fzgur; 6.2 and 6.3.

The 1nduced\;ensxle stress at the centre of the

cyllnder is g1ven by the following equat1on°‘

XY
g

Teriae 6.1}

where
T = Induced tensile stress (kPa) =~ =
P = Applied léad (kN)

d = Diameter of specimen (m)

t/ifghickness‘of specimen (m)

More details of the theory of the tensile splitting

test can be found in the references (19,27).

‘6.4 Laboratory Asphalt Concrete Specimen
Two grades of asphalt cements from three different
crude sources were used in preparing the labdratbry

specimens. The rheological properties and temperatur »

. ‘3
susceptibilities of these different asphalt cements:
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bekn’ described in Chapter §. o

| ‘The laboratory specimens vere prepared from Jocally
pvaiiable aggregates, TBG-~Clover Bar 12.5mm crushed gravel,
The‘gradation‘ofhthié ;ggregate is given in Table 6.1.

Basedmon the standard Marshall design procg@uris,

(ASTM D1559) an asphalt content of six bercent by'weight of
aggregate was chosen as an apbroximate'optimum,content for‘
the asphalt concrete mixturgs. Twenty Marshall Efiquétte n
specimeﬁs wer: fabricated with each of the six different
asphalt cements. Each spéCimen wég fabtiéated,under the same
conditions, that is, 50 hammer blowé at each end of ;pecimen‘,.
and a compaction temper%ture of 130 C and 135 C‘respectively
for 200/300 and-85/100 grade asphalts. '

The bulk spécific gravity of each specimen was then
determined by weighing each specimen in air and immerséd in
water.'Gfoups of’five specimens were arﬂanged for\tesging.at
different temperatures. They were grouped according to their
bulk specific gravities so.that each group had similar

average density.

6.5 Testing Conditions

_ o -
The testing was carried out all in accordance with the
procedures as.described in Appendix D aq@ at temperatures of
0c, -10 ¢, -20 C and -30°C. -
The loading rate of the testing machine was set at a

L 3

nominal rate of 1{5,mm/min and kept unthanged‘throughout.
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6.6 Presentation and‘biscullionu ot'Tolt Rcudiﬁl

6.6.1 Test Results

Table 6.2 suumarize;'the average str;as, strain and
secant stiffness modulqe of the test specimens at failure,
Also, figures 6.4 to 6.6 contain plots of failure stress,
failure strain and failure stiffneés versus temperature for
each of the six different asphalt concrete mf%tures. |
Appendix E contains results of each iﬁaiviauél test
specimen;. |

\ ' ¥

6.6.2 Failure Stress Tinparature Relationship

From the tabulated data and plots, it is notéd that
test temperature has a very significant effect on the
failure stress of asphalt concrete mixture. .

In general, failure stress increases as test
temperature decreases. The trend is particularly“épéétent at
moderate cold temperature, for example 0 C to -10 C. At
CQldét teﬁperature, the rate of the increase of failure
“stress with decreésing tempg;éture seems to become smaller.
From Figure 6:4, it is noted that failure stress ceases_tor
increase as r&pi&iy when test temperature reaches below -10
C and -20 C for 85/100 and 200/300.grade a;phalt mixtures -

-

respectively.

‘ : v, 7 :
. o
" - f ) {
\
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6.6.3 railura Strain Talperature Ralatiohlhip - \)E?
| The failure strain of the test spec imens is also
affected remarkably by teae temperature.

In general failure strain decreases as test
, temperature decreases, The rate of the decrease is large as
the test tempera'ture chan'ges from-O C to -10 C. The rate of
change becomesﬁsmaller aa%;est temperature“goes further ”‘ah
down. At very cold Eemperaturez;for,exampie below -20 C, the
asphalt specimens show little strain at failure ané the’y
faiiure strain remains relativelj constant.

It seems that there is a critical temperature ‘below
which failure strain remains relatxvely unchanged with
dropping’ temperature. This critical temperature -appears t°k4
be a function of asphalt grade.(?or grade 85/400, this
temperature is around -20 C ahd\;ur.gréﬁe 200/300, it is
approximarely at -30 C. B
6.6.4 Failure Stiffness Temperaturernelationship

Failure stiffness generally increases as test
temperature decreases.

The -85/100 asphalt has undergone a rapid increaee in
stiffness when the test temperature dropped:from 0 Clto

-20 C. The increase in stiffness is only slight when the

test temperature changed from -20 C to -30 c. E -

<o

On the contrary, the 200/300 grade asphalt concrete

mixtures has undergoné very slight increase in stiffness
Tw

‘during a drop of test temperature from 0 C to -10 C and a
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\vegyiraﬁid-increaselhhen the test temperature dropped Erom
-20 € to -30 c. o . “ o
o . o
B,G.S‘Efiect of‘prude Source
‘Figures 6.7 to 6.9 Showfthe average stress strain
,curveslof the ‘test specimens with different crUderourCé
fasphalts at dlfferent test températures.
‘ For the 85/100 grade spec1mens, the average ten511e
;fallure stress at 0 € and -10 Cis approx1mately the same
1rrespect1ve of the crude source. At f20 C and -30 C, the
b‘,fallure stress of the Redwater Gulf Blend asphalt concrete :‘
g fls lower than that oﬁ\the Cold Lake and Lloydm1nster
'*tlxtures. However, the average fallure strain is markedly
smaller for the Redwater Gulf Blend asphalt concrete'\
m1xture. The dlfference is greater at 0 C and =10 C and
vbecomes neglrg\hle at -20 C and colder. ;

'

ERR For tn

“*00/300 grade spec1men, the average ten31le
fallure str ,5 of the Redwatef—Gulf Blend asphalt concrete

mixture is hlgher than ‘that of the Cold Lake and ib
"Lloydmlnster m1xtures at 0 C .and -10 C. At -20 c and colder
temperature, the dlfferencevbecomes,smaller. Slmrlar tO‘the

-85/100 grade spec1men ‘the average ;a&Thre strain of the

k4

B 200/300 Redwater Gulf Blend asphalt mlxture is markedly

smaller than that of the Cold Lake and Lloydm1nster
mlxtures; The dlﬁference,ls-greater at 0.C to -20 C and

becomes almost zero at -30 C.

»
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The stiffness modulus of the Redwater-Gulf Blend

j iy .
asphaltcondi:te mixture, as shown in Figure 6.6, is

‘sllght y higher than that of the Cold Lake and Lloydm1nster

]
mlxtures atrmost test temperatures.
f~ -

!

a f

. 6.6.6 Effect olwhsphalt Grade
{ .

‘fo comparing figures 6.4a and 6. 4b it is neted that

- the ﬁallure stress of the softer grade asphalt concrete

m1xture at 0 C and" -10 C is smaller than. that of the harder;
gradé mixture. While thls phenomenon is not unexpected it
is. 1nterest1ng to note. that at -30 C ‘the phenomenon is

reversed and the failure stress of the 200/300 grade - mixture

4

is hlgher than that of the 85/100 grade mixture. L /

/-’ ) A .
Agaln, by comparing flgures 6.5a and 6. 5b, it i5~noted//

that the fallure gtrain of the 200/300 grdde mixture is /

ér than the 85/100 grad; mixture except a
i

 test temperature of -30 C., At -30°C, the failure strajns of

/
[ ’ ) ‘ .
both grades are close. L //

By comparlng figures 6. 6a and 6.6b, it is noted that

- the failure stlffness modulus of the 85/100 grade m1xture is
greater than that of the 200/300 mixture at test temperature

"above -20 C. At -30 C the 200/300 grade mixture becomes

stlffer ThlS is. in agreement with the results as d1scussed,

in prev19us paragraphs.
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6.7«Low‘Temperature Performance of Asphalts

On the basxs of the results of’ the laboratory tests to
determlne the ten51le propertles of asphalt cements andAx
asphalt concrete.m1xtures, it rs.bel1eved that the asphalt
cements produced from heavy crude sources of the Cold Lake

and LloydminstEr areas perform better at 1ow temperature

than the spec1a11y formulated Redwater-Gulf Blend asphalt

N [

cements produced from llghter crude 01ls.

‘This conclu51on is ju5t1f1g§ by the results of the

P
ten511e sp11tt1ng test that the Cold Lake andiLl ydmlnster

I -

asphalt’ concrete m1xtures can sustaln large

failure which 1s’an ‘important property to;rqs
“induced cracklng‘(ZS) | :
Furthermore, the lower ten51le stlffness modulus of the
«Cpld Lake and Lloydmlnster asphalt concrete m1xtures 1mp11es
thatvthe 1nduced tensile stresses dye to temperature !hange
of these mixtures will be smaller. ;215 is advantageous to
reduce the chance of\¢hermal crack1ng because the tensfgf'd
strength of the mixture will unl;kely be exceeded (21)
Based on 51m11ar reasonlng-as above, the performanceldf
the 200/300 grade asphalt at low temperature is better than
the 85/100 grade asphalt when both asphalts are produced

. ¥
from thedsame crude source, that is, of 51m11arﬂtemperature
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-7 SUEHARY, COKCDUS!ONS,AND,g!COMHINDAT!QﬂS

7.1 Summary ‘
The'followinguare summarized from-the inalysis of the

1979 and 1984 as-supplied asphalt cement test data.

1. The 1979 test data shows that the asphalts préduéed by
the Huéki Lloydminster refinery are leéé temperature
susceptible than the asphalts prodﬁced by Gulf of Moose

Jaw and Imperial of Edmonton. The data also shows that

the Husky asphalts are more VUIn€EE§EE:>O weight loss
due to Thin Film Oven Test aging | .

2. The 1984 tgst.data shows that the asphalts produced by
Husky a%g less temperature susceﬁkible and have higber
resistance to,TEOT aging and‘are less variable.

3. The change of speciffcation in 1980 has affected the
propertiés of asphalts being produced. The overall
effect is that the 1984 asphalts have become less
temperature susceptible 4nd their variability in
pr;perties have also-Become smaller. Despite the above
improvements,' however, the durability of most 1984

asphalts has deteriorated slightly except the Husky

Lloydminster asphalts.

The following are summarized from the results of the
laboratory testing of the asphalt cements produced from

three different crude sources.

;.03 ’ ‘\
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P A:pht}t,ccmontl;oﬁ.ihn~slmc grade but produced from.
different crude oils possess different rheological |
properties. In this s:bdy, the propgrties of the Cold
Lak; and Lloydminster asphalts are #ound to be similar.
The properties of the Ré@water-culf\nlend asphalt are
very different from that of.theéCold Lake and
Lloydminster Asphalts.

2, The Redwatef-Gulf Biend aébhalt is the most temperature
susceptible among the three different crude source
asphalts a§ shqwn by ai? the temperatuée susceptibility‘

,pa:ameters}exqept the PI(R&ﬁ). PI(R&B) is not a g;od
temperature susceptibilipy parameter for the |
Redwater-Gulf Blend asphalt because of the apparent
presence of wax. | .

3. Th; temperature. susceptibilities of the Cold Lake and
Lloydminster asphalts are very similaf as-shown by the
PVN. Other temperature susceptibility parametets show
contra@ictory'indication. U

4. The PI(dPen/dT) values of the asﬁhalts in the study are
more negative than the PVN values indicating that the
temperature susceptibili;ies of th#se asphalts are |

greatemw at low 'tvempérat:ure than at'high temperature.

The following are summarized from the results of the
tensile splitting test on. asphalt concrete specimens

prepared from aspha. ts”of different crude sources.

4

B
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Tensile t;ilure serese‘inereases wi£h~decreac!nq

temperature. The rate of the increase decreases as the

[

.temperature continues to drop.

-

Tensile failure strain decreases with decreasing
temperature.‘lt eppeaps that there is a critical

*® . . v 4{ :
temperature below which failure strain remains unchanged

' with decreaging temperature: This critical tehpepeture

-

appears to be a function of asphalt grade. For the
e

¢ B6/100 grade, thé critical temperature is around -20 C.

For the 200/300 grade, the cr1t1ca1 temperature is
approximately at -30 C.. > \

Asphalt concrete mixtures of the same grade of asphalt.\
but from different,qrude sources have been shown to
possess sighificantly diffefent tensile properties.In //
particular, the tensile failure strain of thd.
Redwater-Gulf Blend asphalt concrete mixture is the
least of the three different mixtures. The difference
diminishes at -20 C and -30 C. |

Asphalt concrete mix;hqes with different grades of

asphalt have been shown to possess different tensile,

properties. At 0 C and -10 C, the harder grade asphalt

concrete generally has higher failure stress and lower

:fgilure strain than'the'ggfter grade asphalt concrete.
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‘f ;SThe maln object1ve of thlS re&earch is’ to evaluate the

low temperature performance of asphalt cements‘produced from

_ Qifferent locally available crude sources. This has been

‘ achieved.by evaluating the historicalﬁas4supplied routine

;asphalt‘test data ﬁoll0wedxby the laboratory testing of

'asphaitvcement samples and asphalt concrete specimens. "

Based.onfthe resuits of this study, the following‘

ﬂ

conclu51ons are drawn,

", 1 .‘

2*l

" The Cold Lake and Llo

'}ten511e>propertres.

iy Lake and.LIOYdminster'areaszpérform better at low

The 1984 asphafz cements have become less temperature
susceptlble, more unlform but sllghtly less durable,~
when compared witle the.1979 asphalts .
,Thewspec1ally formulateanedwater—Guif Blend asphalt
,cement is expected to have.poor low temperature = D
perfOrmance; as iﬁdicated‘by the temperature

L5
,susceptlblllty parameters, the Bltumen Test Data Chart

R o
the stlffness m ‘us and the cracklng temperature. '
inster asphalt cements are

expected to have similar low temperature performance as

b

m—“

LA

Crude source has a 51gn1f1cant effect on ‘the low
temperature performaneeeof asphalt cements, The asphalt

'cements produced from heavy~crudelsources of-the Cold

temperature than the spec1a11y formulated asphalt

cements . produced from l1ghter crude 01ls, as 1nd1cated



~

by their dlfferent tens1l% propertxes.

. Asphalt grade also has a 51qn1ficant effect on the low

s

temperature performance of asphalt ce%fnts. The 200/300 -

&

grade asphalt 15 expected to perform better than the »

85/100 grade prov1ded both grades are produced from the
i

same crude source, that 15, of similar temperature

su§Ceptibility.

7.3 Recommendat1ons for Further Research

The follow1ng recommendatlons for further L T

understand the low‘temperature properties of asphalts

©

produced in Western Canada. ) 1

1.

-

In the current study, ortly the original asphalt cements
were evaluated with respect to low temperature

performance. In order to more closely resemble field

"’

conditions, it is recommended that field core samples be

obtained and tested. Results of tests can then be
correlated to field performance. -
In evaluating the historical change of asphalt

properties, only two.sets of data are analysed because

these data sets are.readily retrievable from the

2

computerlzed data bank of Alberta Transportat1on. In
order to have a more complete historical rev1ew it is
recommended that earller data be analysed

The tensile splltting test‘is one of several methods of

~evaluating_low temperature performance of asphalt

*
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cements. Testing techniques to measure

' temperature-induced stress and fracture temperature) have

’bgen developed in Hokkaido University of Japan. In. raer

to compare their particular testing method with the

tensile splitting test method, it is recommended that

these same asphalts be evaluated with their procedures.
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Appendix B _
Detailed Plots of Asphalt Propert ief from As-suppl ied Test
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. Appendix C -*u'
Physical Test Data of Se&ected Asphalt Cement Samples
| Prov iﬂed by Supp]l iers
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Table Cl Properties of Asphalt Cmment - Supplier A

Source Cold Lake Redwater-Gulf
- Blend
Penetration at 25°C (100/5) 9 242 93 " 238
- : 10°C (100/5) 18 50 13 2
4°C (100/5) 9.0 23 6.0 13
4°C (200/60) 32.5 87.5 21,5 50
. 0°C (200/60) 20 55 13.5 26.5
Penetration Index! . -1.26  -1.01 =219  -2.36
Penetration Ratio? 33.9 36.2 23.1 21.3
. Viscosity at 60°C, Pa.s 177.5  47.0  69.0 19.6
' 100°C, cSt 3119 1341 1220 598
135°C, cst S 3 201 1786 110
Pen-Vis Nmber . 0.3 =023 -1.s3  -1.39
Softening Point (D 36), *C 43.5 35,5 . 44.5 41.5
Ductility at 25°C (5 aw/min), cm >150 5150 >150 105
4°C (1 aw/min), am y >S50 >50 30 .50
Flash (COC), °C - 276 - 252 348 334
Density at 15°C, kg/L 1.033 1.026 1.010 1.004
Thin Film Oven Test:
Change in mass, § -0.14 -0.75 +0.12 +0.10 p
Residue: ) ) .

Penetration at 25°C (100/5) 61 129 60 139
viscosity at 60°C, Pa.s 381.6 118.6 130.9 33.1
Ductility at 25°C (5 aw/min), cm >150 >150 >150 >150
Retained Penetration, % ' 63.5  S3.3 64.5 59.1
Viscosity Ratio at 60°C . 2,15 ‘2,52 1.90 1.69

1 Calculated fiun the slopé of log penetration vs temperature.

2 Pen 49C (200/60) ‘
100 (Gen25%¢ (100/5))



Table C2 Properties of Asphalt Cement - Supplier B

Source - Lloydminster
Product Name _ 85/100 Pen.  200/300 Pen.
Property Typical Typicy) .
, ' ~ ASTM No.  Analysis - Anal ‘
Density @ 15°C, kg/L : D 70 L 1.0341 . 1,0250
Pen. @ 25°C, 100 g/5 sec. DS 87 257
--Pen, @ 0°C, 200 g/60 sec. . DS 21 76
Flash Point, °C D 92 290 / 262
Ductility @ 25°C, ams. D 113 150+ 150+
Soluwility in CHCly, S mass D2042 9.9 99.9
V Xylene for Neg. Spot Test, MSHIO ~ T 102 25 13
Viscosity @ 60°C, Pa.s ' D27 196.8 47.1
Viscosity @ 135°C, mm?/s D 2170 418 209
Softening Point, °C D 36 46.0 36
salt Content, g/’ Husky 23 25
Thin-Film Oven Test, Vloss D175 0.16 0.59
Tests after T.F.0.T.: o
Pen. @ 25°C, 100 g/S sec. DS 52 130
Pen. @ 0°C, 200 g/60 sec. bSO 16 k]
vis. @ 60°C, Pa.s D 217y 380 S

Vis.

@ 135°C, nm?/s D 2170 558 330

140
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. Appendix D
Method of Test and Analysfs for the Low Temperature Tensile
. Propert ies of Asphalt Concrete Cylinders Using the Tensile
| Spl ; tt li‘ng“ Test
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D.1 Scope

Thig method covers the procedure developed for
determining the 1low temperature tensile properties of
asphalt concrete cylinders using the tensile splitting test.
The test can be conducted on asphalt concrete laboratory
specimens? and cored pave ecimens,

D.2 Summary of Method ‘
The tensile splitting test method consists of loading
an asphalt concrete cy11nder via loading strips across a
diameter, in a compression testing frame and within a-
controlled temperature chamber maintained at a constant low
temperature., Output signals' from a load cell and three
‘linear variable differential transducers® are recorded on
floppy diskette by means of a datalog card installed on a
microcomputer. (Figure D.1)
the use of the Lotus 1-2-3 spreadsheet program, the
raw data recorded in the diskette is processed and the
"tensille failure stress, failure strain, failure stiffness
and e stress-strain diagram can be obtained.

D.3 Significance . ‘

This method determines the tensile stress-strain and
stiffness-strain characteristics of asphalt concrete at low
températures and is primarily intended to assist in the
design and evaluation of asphalt concrete with respect to
thermal cracking.

D.4 Apparatus

D.4.1 Controlled Temperature Chamber

- The controlled temperature chamber shall be capable of
\aintaining test spec1mens at a constant. temperature *1 °C.
within the range of +10 °C to -30 °C during the course of a
test. A temperature monitoring device shall have its sensor
embedded in a spec1men of similar size and composition to
the spec1men which is to be tested and shall be capable of
measurlng temperature to +0.5 °C.

—— - —— - - —— - ——— o

! For method of making laboratory specimens see The Standard
Method of Test for Resistance to Plastic Flow of Bituminous
Mixtures Using Marshall Apparatus (ASTM De51gnat10n' D
1559-82) . Alternate methods for preparatlon of laboratory
specimens may be used.

? Two of the LVDTs are attached to the opp051te ends of the
-spec1men and feasure the horizontal deformation of the
~specimén. The third LVDT is placed on the loading plate and
measures the vertical deformation of thE‘spec1men
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D.4.2 Loading Apparatus
D.4.2.1 Compression Testing Frame

The compression frame* shall have a minimum
capacity of 5 tons and shall be capable of providing the
rate of loading prescribed in Section 6.4.1,
D.4.2.2 Supplementary Bearing Bar or Plate

The supplementary bearing bar or plate shall
conform to the specifications for this item in the
Standard Method of Test for Splitting Tensile Strength
of Molded Concrete Cylinders (ASTM Designation: C
496-85), except that the width of the bearing bar or
plate shal)l be not less than 33 mm.

D.4.2.3 Bearing. Strips ‘

Two steel bearing strips of dimension as shown in-
Figure D.2.shall be placed between specimen and both the
upper and. lower bearing blocks of the testing machine or
between the specimens and supplemental bars or plates,
if used. (See Section D.4.2.2) .

D.4.2.4 Load Cell N :

The load cell® shall have a minimum capacity of 4.5
tonnes and shall: be capable of measuring compressive
loading to +1 per®cent of true at the rate of loading
prescribed in Section 6.4.1. ‘

D.4.3,Gauge Points, and Marking and Mounting Appatatus

D.4.3:1 Gauge Points . . .
: The gauge points shall be 9.525 x 9.525 x 6.35 mm
(0.025 mm from mean in any dimension) brass plates,

D.4.3.2 Gauge Point Jig

The 'gauge point jig shall provide slots for marking
the spegimen and holes for mounting the Gauge Points.
(Figure D.3) - B

D.4.4 Deformation Measurement Apparatus

D.4.4.71 Horizontal Displacement Gauges
The displacement gauges‘ shall be two linear

‘ A suitable device (Wykeham Farrance Mod. 57, 5 ton
compression tester) may be obtained from Wykeham Farrance
Engineering Ltd., 127 Edinburgh Avenue, Slough, Bucks, U.K.
* A suitable device (Kwoya Musen Load Cell Mod. LC-5,5 ton)
- may be obtained from Kwoya Musen Kenkyujo Co., Ltd., Tokyo,
Japan. » : : ) :
‘ Suitable devices (Sanborn Linear Variable Differential
Transformers Mod. 595 025) may be obtained from the

¢
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variable differential transducers of matched sensitivity
(within 5%) and’be capable of measuring displacements to
withih $0.00125,mm, and shall have a stroke of ndt less
than $0.25 mm. ‘

D.4.4.2 Displacement Gauge Core and Coil Assemblies

The two displacement gauge core and coil assemblies
which hold the Horizontal Displacement Gauges shall be
made of brass (Figure D.4)
D.4.4.3 Vettical Deformation Gauge

The displacement gauge’ shall be a linear variable
differential transducer capable of measuring displacment
to within 0.01 mm. The gauge shall be mounted on the
compression frame and measures the movement of the
loading plate. .

D.4.4.4 Displacement Gauge Calibration Jig

The displacement gauge calibration jig shall be
made of brass and aluminum (Figure D.5) The dial gauge
which comprises a portion of the displacement ga ge
calibration jig shall be a 0.0025 mm dial gauge.

D.4.5 Data Acquisition Apparatus

D.4.5.1 Computer Hardware
The computer hardware® for acquiring and recording
~test data consists of the following: _

30. A-microcomputer system with minimum 512K Ram is required
although 640K Ram is prefered in order ‘to provide a
margin of safety for the computer operation. k

31. Two double sided, double density disk drives are*
required in order to run the softwares., The first or 'A'
drive contains the operating system and the BASIC
program. The second or 'B' drive is used to stor test
data upon completion of the test.

32, A multifunction card is used for printer communication.

33. Aclock card is used to-note the time.

34. A Metra Byte Dash-8 Board®’ is used to collect the test
data in anolog form and-convert them into digital form
for use by the computer. The Dash-8 board has 8 channels
available for datalogging. Only five is needed. They

are: -

a. Channel 0 ----- Load Cell
-b. Channel 1 ----- LVDT A
c. Channel 2 ----- LVDT B

‘(cont’d) Sanborn Co., 175 Wyman Street, Walthan 54,
Massachusetts, USA. . ,

' A suitable device may be obtained from Hewett Packard

' A suitable microcomputer, an IBM PC clone, can be obtained
from Operand Electonics Ltd. of Edmonton.

* The Dash-8 board 'is manufactured by the Metra Byte Corp %
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: I
d. Channel 3 ==--- Average of A and B ‘
e. Channel 4§ -~--- Vertical LVDT
The Dash-8 board has a full scale input of + 5 volts on Ty
each channel with a resolution of 0.00244 volt. . ‘EB

D.4.5.2 Computer Software ‘

Two software packages are required by the computer.
to acquire and record the test data, One is the IBM PC
DOS version 3.1 and the other is the Dash-8
configuration package. A BASIC program written
specifically for the tensile splittihg test is also
required. . , '

The DOS'® disk operating system allows the
establishment of a virtual disk on the computer for
temporary data storage. When the test is finished, the
contents of the Virtual disk is transferred to the 'B’
drive. o
'The Dash-8 software package'' provides the input
output driver routine which can be accessed from BASIC
using the Call statement. , : ,

The BASIC program defines various functions and
operation in the use of the computer hardwares. The main
function and operation defined in this program include
the gathering of test data at designated intervals and
duration; and the storing of the data in the computer
and copying them to drive 'B', by «wsing the Dash-8
software package.-A listing of this program is enclosed
in Section D.10.

D.4.5.3 Signal Conditioner '

The signal conditioner’is used to amplify, filter
and condition the input signals from the test before
sending the signals to the Dash-8 board.

The conditioner also serially connects the input
signals of the LVDT A and LVDT B resulting an average
value for the horizontal deformation. \

In addition to the above functions, the conditioner
is used to zero the signals of the load cell and the
LVDTs, before sending them to the Dash-8 board.

%
D.5 Test Specimens - - ,
L )

D.5.1 Asphalt Concrete Laboratory Specimens

If Marshall specimens are to be tested they shall
conform to the specifications set forth in ASTM Method
D 1559-76. ‘ ’

'® For details of the software pIus technical information,
refer to the DOS 3.1 manual. .- .

'' For details of the software plu® technical information,
refer to the Dash-8 manual. -

.,k‘



146

Mt
. #‘Y

D.5.2 Asphalt Concrete Cored Pavement Specimens S

1f cored pavement specimens are to be tested they shall
be trimmed to a cylindrical shape (within $0.25 mm of the
mean length and diameter) having a diqmpter of 102 mm,
2.5 mm and a . length of 'less than §02 mm. -

D.§ Procedures

D.6.1 Calibration

D.6.1.1 Load Cell . ‘ ‘

- The. Load Cell: shall be calibrated at room
temperature (if temperature compensating) or at the test
temperature (if non-temperature compensating), on. a
Compression Tester whose load accuracy has been verifi d
to + 1 percent in accordance with the Standard Meth
of Verification of Test1ng Machines, ASTM Designation:

" E4-64. . o

N |
D.6.2 Dial Gauge = d vLﬂ ! .
The dial gauge shall be wealibrated ‘while .on' nthe“t’

D1sp1acement Gauge Calibration Jig descr1bed in Se%; on
D.4.4.4, using machinist 's gauge blocks n '

5.
N

D.6.2.1 Displacement Gauges ‘ Cv,ome, TR R
: The two horizontal displacement gauge Shall. b
—calibrated when the two gauges are connected’ 1ﬁ’serfe$
They shall also be calibrated s ﬁarately
calibration shall be carried out on he
Calibration Jig (using a 25.4 mm gauge‘i( - '-~
at the test temperature. Output signal “T tefmsi oﬁ
voltage) from the displacement gauges shall Be meq§ured““'
by a d1g1ta1 voltmeter as well as by the cq p.ger daxa$‘
acquisition system. o :

» { . ; '& . }
D.6.3 Preparation .of Spebimen for Testing %;Q“m . %‘ -
AL S A
D.6.3.1 Measurement ;g {%f% .
Determine the length and diameter offithe test
specimen to the 'nearest 0.25 mm by i four 1
readings at each dimension. o S
D.6.3.2 Marking o
Mark dimetral load1ng points on ea of the
spec1men in the ysame axial plane using the i

Jig descrlbed 1nlsectxon D. 4 3.2,

D.6.3.3 Gauge Point Attachment E P
Cool the spec1mens to at least -10 “*about 2
hourséE}fore attachlng the .gauge po1nts ; ’

o
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= of each of tyob,gauge points (described in Section

D.6.4 Preparatioﬁ for Loading of the Specimen:

L.

- e v
.

~ Temperature Chamber. . - A

D.4.3.1.) with warm asphalt cemen
asphalt cement for testing at temperature
below, Use grade 85/100A agfhalt -cement for
temperature above -10 °C.J Warm the gauge po
insert the two coated Gauge Points througlf the hole
the aligned Gauge Point /Jig and press firmly onto t
specimen, Leave the specimen to cool horizontally for)
approximately 3 minutes to firmly affix the gauge points
to the specimen. Ipvert: the specimen (and prop in,a
manner that will Aot disturb the previously attached \
Gauge Point$) and attach-the other twé Gauge Points in .a
similar manner, B :

rade 200{300A
-10 °C or

i
:
J
X . / P
Immediatqdy)place the specimen into the Controlled

\
—

\

-
i

D.6.4.1 Specizen Ingpection oo .

- After the specimen to be tested:  has reached \__.
equilibrium temperature, inspect it for Gauge Point
~slippage. If any slippage ig.evident remdve the Gauge W
Points and repeat steps D.6.2.3 4#d D.6.2.4. -~
N ' R S T .t

D.6.4.2 Posibtioning _ ,
‘Place the Load Cell on the loading ram platen of
the Compression Testing Frame. Position the specimen so
‘tha?® the marked loading points are in a vertical plane
passing through the center of thrust and so that " the
longitudinal axes' of the Bearing Strips are in ‘this
vertical plane. Raise the loading ram of the Compression
Testing Frame just enqugh to secure the specimen for
Displacement Gauge attachment.' ~ o }
D.6.4.3 Displacement Gauge Attachment ' -
Tie both of the Displacement Gauge Coré and Coil LY
Assemblies to some point on sthe Compression. Testing
Frame to obviate damage after - specimen - failure.
Simultaneously 'place the rear Displacement Gauge Core
and Coil Assembly onto the Gauge Points and then secure
the assemblies by tightening the allen screws. Repeatt
the foregoing attachment procedure for the front
Displacement Gauge Core and Coil Assembly.

D.6.5 Loading and Recording Procedure

D.6.5.1 Loading Rate . )
‘ Set the Compression Testing Frame to a nominal
loading rate of 1.5 mm/min. The actual™ loading rate may
vary from the nominal loading rate by $10 percent but

,‘u;
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must be reproductible w1th1n +1 percent

D@?EJ 2 Loading /

T Engage the Compre551on Testlng Frame and return to
the recording area (Note: Loading 'will not begin until
the power supply switch for the servo motor is closed.
‘This switch should be located in the__recordlng area,
adjacent to the recorder). S ‘

- o
D.6. 5. .3 Record1ng
. + “Make sure-all ‘the w1r1ngs are hooked up co;rectly.
‘Adjust ‘the slgnal conditioner switches such that the
voltage outputs from the load well and the dlsplacement
gauges to ‘the datalog card are cocnditipned close to
$0.000 V. .Run the computer program for dataYogging.

Input information .as requested from the :screes. This-

include the duragtion of recording data, ‘the frequency of

. reeding ‘data and the .name. of channels to be . used.
(Channel 0 to Channel 4) -The name of the sample will
‘also be requested and will.be used as the filename of
“the dataset. Press- the run key and ‘the computerfw1ll
start ‘to recdrd data.
' "Record all other pertinent data such ‘as date of
.test. and test temperature (air and spec1men) on the
laboratory g .book.
- The computer will stop recordlng data after the
_givefr perlod of t1me and copy the data set into floppy
dlskette. ' »

-.C«
Los

o

D.®6. 5 4 Termlnatlon of Test

: Upon failure of  the spec1men turn off the power
" supply switch for .the servo ‘motor. Disengage the
Compre551on Testing Frame and examine the fractured
., ' specimen, If the fracture surface passes under a Gauge
Point the test shall be rejected.

s

s

o

VD,7gcaiculatjohsm‘*‘
- B . . . s : - .
D.7. 1 Ten511e Stress

~'The tensile stress at any p01nt to fallure shall be 
~ca»lculated as ﬁollows- ' ‘ ‘

v

w , A ; S 2 £ P . \\w |
‘ AR T:. rt—————— ,{
» . %.t x 4 ( _ : s
v S -
4? \‘y
vhere: | b \

specimen thickness, in m

.specimen diameter, inm =

tensile: stress, in KPa. L

applied load, in KN, -calculated as follows~

. ‘ ' L o . 4 )
' Al . : : . : _ #» S =
M NE . . /'j\ . - . . B
L. R [N . . ] ;

"eon :Il ]
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T mm per volt., ‘rt/

¢d1rect10n. The term strain is used without dlfferentlatlon

?D 7.4 Tensile Strength

v i I 143
N * k, ’ :
P= =770 ,
~where: S R -
‘ = values, in binary bit formi Bcorded in
channel 0 of the data file, 1 voPWPE 410 bits,

k, = conversion factor of load cell, in kilonewton
per volt obtained from ca11brat1on.. . T s

D. 7 2 Straxn

The strain, at any p01nt to failure is equal to the
average deformation, in mm, as measured by the two
horizontal deformatlon gauges, A and B, calculated as
féllows.

Nab* k
410 =* 25.4

b ‘

A o f =
f,s ' €=
"~ where:-

€ = average deformat1on of the strain gauges A and
B, in mm/mm

N,, = value as recor&ed in binary b1t form in
channel 3 of the data file, 1 volt = 410 bits,
k2 = conversion factor of the deformat1on gauges in

-~

- Due to the blaxlal std&e of stress exlstlng w1th1n the
cylindrical specimen, the displacement measured between the
gauge points.is a result of both compre551ve stresses in the
vertijcal direction and tensile stresses in the horizontal

as to it$ cause. If tensile strain is desired, as for
calculation of a stiffness*modulus, use of equations
applylng the Generallzed ooke s Law.is necessary.

i Bl

D 7 .3 Fa1lure Straxn b
The fatlure strain shall be con51dered as the strain
correspondlng to the flrst maximum stress reach during the

test.

)

The tensile strength shall be considered as. the maxlmum

'ten511e stress..

, v - 5 .- T - : ,:,
D.7.5 Stiffness Modulus SR ;’ -

. The tensile st¥ffness modulus at anY p01nt to fa11ure_
shall be calculated as follow y S

L
«

. @

W

é
N

J



- S TEE e,

?

GV W N

« o¥e o

w vty p, 150
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where: u
S, = Tensile St1ffness Modulus in MPa,
T = tensile stress in MPa, ,
€ T average strain of. striln gauges A‘and B in
mm/mm,

[}

D.7.6 Data Processxng - '6
When thd test is termlnated thé raw test data store
in the disk is processed by an IBM XT microcomputer'? using

the Lotus 1-2-3 gpreadsheet program. A lotus 1-2-3 Macro

program is written spec1f1cally to perform the calculations
which are described earlier in this chapter. A llstlng of
‘the Macro program and the instruction for using it are
contained in Section D.10. 9 \

The printout of .the processed data includes the stress,
strain and stiffness of the specimen at each po1nt of time
during the test. The failure stress, failure strain and )
failure stiffness are determined by locating the maximum °
stress the spec1men has first ‘experienced. A sample printout
is contained in Section D.10.

By selectlng the appropriate pairs of stress-strain

'data, -the stress strain diagram of the test specimen can be

drawn by. means- of the Lotus 1-2-3 graph software or any
other plotting programs.. o '

T Co ‘ ' ’
o : 7 '

- D.8 Report

.The report shall include the, follow1ng
1. Identification number, aggregate identification, asphalt ¢
cement penetratiom:or v1sc051ty, a@&@asphalt cement
S supply, | o : ) - ’
Test temperature,
Rate of loading _
Specimen diameter, and thlckness,
A printout of the processed data of stress, stgaln and
stiffness, , o
- The failure strain,
The tensile /strength,
A stress-strain. dlagram, and
Any abnorma ities in the type of fracture.

B

I
e e

P’

W oo

- - ——-——— e E]
K}

- '*, The data gan also be- processed wath othet IBM PC wfth

sllghtly mod1f1ed procedures.‘

J

j/
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The following are some of the sources of experimental

errors that have been identified in the tensile splitting
test method described in the previous chapters. Possible

1.

_result in inaccuracy in the s;najf
‘may be caused by gauge .pointij

. specimen for another pair of gauge point.

very often 5 2 ‘
. test. The temperature of the specimen also fluctuates,

~procedures to reduce these errors are also presented. N
Shape of specimen may not be truly cylindrical. This pay -

be caused by distortion during extraction in the case of
Marshall briquette.or by pdor quality coring in the

field. This error will cause non-uniform loading of the

specimen leading to. erronedus resylts. Toé reduce this

error, strict adherence to ASTM D-1559-82 for ~

preparation of Marshall briquettes and well supervised
coring in the field are nectessary. "

~The level of the loading platens of'thé compression

machine may not be truly horizontal. This again will
result in non-uniform loading of the specimen. To ensure
that the loading platens are level, check and adjust the
loading platens before each test. , e
The loading strips may be seated.improperly. This will:
result in loading the specimep not in an axial plane
which is assumed in the theory to calculate the stress
distribution. To avoid this error to hapgén,,align the

diametral lines of the specimen with the centre of the

loading strip and the line of thrust of the testing
machine. : o

. The compression machine may vibrate excessively,

particularly at the start of a day's testing and/or at
colder temperature. This will result in a large ’
fluctuation of the readings of the LVDTs. To eliminate
this problem, run the machine for a few minutes before
starting the day's tests. Also check to ensure the
driving belt of the servo motor is-tight. .

The reading of the LVDTs may be moving before the test o

begins. (very often at higher temperature) This - ;
indicates that either the LVDTs aré not secured to the’-

'gauge points or the gauge points are slipping. To ~ ' v =
overcome this problem, tighten the allen screws of the , -

core and coil assemblies-and check the slippage of the
gauge points. If slippage of the gauge points is =~ ¥.-

; identified, remove the gauge points and réfattach‘thé,

gauage points using a harder asphalt. (Section 6.2.3)

The LVDTs may not ata horizentsl position. This will .
d&reading. The problem

kippage, inaccuracy in.

marking the diametral lines
the specimen. To overcome-this problem, check the °
position of the specimen and the accuracy of the

diametral lines. Check the slippage .6f the gauge pointggf;
“Make sure that the gauge points are ﬁ%fm1§<affixed (that: -

is, the asphalt cement is cool) befiér inverting’the.;,

P

The air temperature of the cold chamber ‘may fluctuate,
‘as much as 2 to 3 C-during the course of the

"

" improper positioning of °

E]
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~ but tofa lesser extent in the order of 1 to 2-C. This

fluctuation is caused by heat loss wvhen opening the door
of the cold chamber and the sensitivity of the" '
thermostat which controls the activation of the -
compressor of the cold chamber. In general, provided the
door of ‘the cold chamber is closed tightly every time a
person enters or leaves the chamber, a couple of L
adjustments of the thermostat is sufficient to bring the
temperature of “‘the specimen to within 1 C of the -

, required test temperature.

-8." The temperature of the cold chamber may be increasing

9.

~ though the thergostat is kept at the same temperature.

This happens very often\after a long duration of colder

‘temperature being .kept in the cold chamber because ‘£rost

has been developed. To solve this problem, 'a half hour

defrost operatidn is neccessary.
ﬂye,reagga s of:'a_particular channel may stay constant.
at +2048%¢7This happens when the input signal into the

cdmpuqﬁf is exceeding +5V which is the extremes that the
datalog card can read. This problem may be caused by

either the LVDTs are not within their stroke range (for

- example, the gauge points are not at a distance of 25.4
mm ‘apart) or the $ignal conditioner is not used to
coridition the signal close to zero before starting test.
To eliminate this problem, check that _the .LVDTs are

 positioned within their stroke range and ‘that -the signal

-co:@itioner'iS'used to econdition the signal to close to
zerp volt with. a voltmeter. ' : y

oo
N
e A
: fy

-
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D.10 Listing of Computer Programs and Sample Printout
' ‘D.10.1'BASIC&Progtam for Data Acqﬁis}tiqnﬂusing the DASH-8

Card

120 OPEN “dash8.adr" FOR INPUT AS #1
130 INPUT #1, BASADRY. -
- 135 CLOSE #1
136 CLS _—
200 DIM DIOX(B).&T%(Z)
210 INPUT “Enter'length of stage #1(1 to 60 min.)":S1
‘ - 220 INPUT “Enter interval(1 .to 60 sec):]1 :
T 230 INPUT “Enter length of stage #2(1 to 60 min.)":$2 - .
SRR 240 INPUT “Enter intervall!l to 60 sec)” ;12 .
" ,w_250_[COUNT=(SI'(60/Il))*(s2'(60/l2)) :
2607 INPUT “Enter first channel”:FCY
270 INPUT “Enter last channel”;LCX :
275 MDX=I:LTX(0)=FCZ:LTX(1)=LCZ:CALL OASHB (MDX, LTX(0), FLAGX)
280 INPUT “Enter file name” ;F$:FF$="c:*“+F$+" prn"
"290 OPEN FF$ FOR OUTPUT AS 3
400 MDX=0:CALL DASHB (MDX, BASADRY. FLAGY)
450 'enter stage #1 .
465 ON TIMER(I1) GOSUB 4000 )
470 ON KEY(1) GOsus 2000:0N KEY(2) GOSUB 2500
480 KEY(1) ON:KEY(2) ON
485 PRINT"Press F1 to start test®
500 IF TEST=1 THEN GOTO 3000
510 GOTD 500
2000 TEST=1:RETURN . : .
2500 OF =1:RETURN : .
3000 TIMER ON ‘start datalogging
3010 I1F OF=1 THEN GOTO 5000
3020 GOTO 3010
4000 IF READNO.=TCOUNT THEN GOTO 5000 :
- 4001 ‘JF READND.=S1=(60/I11) THEN ON TIMER(12) GOSUB 4000
4003 ﬁd%=2§CHZ=FCX:CALL DASH8 (MDX, CH¥%, FLAGYX)
4005 FOR 1=FCX T0 LCX ‘a/d routine ‘
4020 MDX:=4:CALL DASHB (MDX, .DIOX(I), FLAGX):NEXT I
4030 READNO.=READNO.¢1:TC=VAL(LEFT$(TIME$.2)*MIDS(TIMES.4.2)*RIGHIS
4040 PRINT TC READND.::FOR 1=FCX TO LCX:PRINT DIOX(I);:NEXT I:PRINT
4050 PRINT #3,7TC READNO. : :FOR I=FCX TO LCX:PRINT #3,010%(1);:NEXT 1
4060 RETURN . ' ‘ : .
5000 CLQSE 3:SYSTEM ~—

- &
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¥3 Macro Program for Data Processing

" \ D .', o L] 2,,L°;q;, *

.The following iIs a Tisting of i the LOTUS Macro that is used to perform
. the necessary calculations on the data from the tensile splitting tests.
« Along with the macro are included some comments to aid in future
" modifications of the macro. These comments DO NOT appear on the
* worksheet. The macro does not appear here in the same format as on the
worksheet {in order to facilitate the inclusion of comments. .

This 18 the main macro which controls the selection of files to be

" processed. The fi{) are to be listed under the headings of: "SAMPLE"
and "TEMP" and “THICK". Under the "SAMPLE" heading input the name of
the file that contains the test data. The "TEMP" requires the tnput of
the temperature at which the sample was tested. The "THICK"ness {s to
be input tn millimeters. :

{goto)BEGIN~ . this section SAMPLE TEMP THICK
/rndIDA~ - initializes
/rndaTEMP~ the macro RW20 -20 69.6 . .
/rndTHIK= ‘ H12 -30 . 69.7
/rncIDA~ ) » ' ]
{goto)}10A~ "
/rodIDA=  ° ” : ‘
{down) . - . , ¢
/rnCIDAR~ )
{right)
/rNCTEMP~~ i
{right) St - .
/PNCTHIK=> . ) :
/X1 THIK=0~/xq~ .
/cIDA~ - ) ' :
SAMNO~ , .
. /clDA= ] this section copies the data '
SAMNO2~ to other portions of the wks for
/cIDA~ ' subsequent use by the following macros
. , FRET= . ' :
u /CTEMP~.. : . -
SPTEMP~ oL
[CTHIK= "
THICK=~ . : i :
/XCSTART~ this transfers control to the ‘S;‘RT-UP' macro
/rnATEMP- ) P .
/rndTHIK~
/xgLO0P4~ | this lcops the macro back to the first 1ine

University of Alberta

i . ’ . . \

% _START-UP MACRO
o /ugrm "] set the wks recalc to manua)
T freALL~ . . 7 { erase old data
/rncTE$T2“}r : ’ .
/rncTESTI~ o .
. /rndTEST2~ - 4l

/rndYESTIA T . . N
{goto)AS~ . S Y .

/¢t InUSR\GARYV\TENSILE\ IPN tmporting the data file

H12. T NG N . : :
0{000000ABLE 1~ o R R
/c 50..J280~: .. L. |K|n}tlal!zing-tﬁq fiFst value to

» +

(goto)}TABLEZ= ", Pt anorox
(@ABS(CE-3C35)+1. 000Gk - 14)" - “*1 APPrOx.
/410* 1000~ : w e
®ABS(D6-3D85)+1.0000€-17)
/410%.01~ VU )
Arighey © - 30
(®ABS(E6-$E$5)+1.0000E-11)
/410%0.01% %

'28r07(0) .o calc table

ci";l,cu.ut &%

L
Cel
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{right),
(®ABS(F6-$F$5)+1.0000E-11) A+8

/410%0.0186~

{righg) : i :
(OA:§§53-§Q$5)01.OOOOE-11) LVDT VERY \ )

A

/410%Q./8267~ x
(DombEITRESGS 2/ - | calculating the stress on the sample
(oPl‘(tTHlCK/?S.4)‘4))'6.89476ﬂm :

{gOto)STRATE~ ¢ Fl calculating the strain rate °
(G251-G250)*60~ ' .

{(gOoto}SISTIFF~ . | calculating the sample stiffness
(O.912°H251/(0.5‘F251))/1000** .

/cAS, .B240~ '

A250~ . :

{goto)TABLE2~ B ,

/cC251. . Y2851~ -

C251..U490~ ‘

{caic) . v

/rncTEST2-A - ' : :
/x{TEST2=TEST~/XCERASE ] this ts s loop which finds the maximum
/xifESTz-TESTﬂ/ngIME~ . | load applted. once found the loop
/rndTEST2> T invokes a subroutine that erases the
{down) o data ten points beyond the maximum.
/rNCTEST2m~ : se® the "ERASE" sub macro.

/xgLOOP~ i af ter erasing control 1s passed to the
| "TIME* macro ,

_ FAILURE

{calc) this sub macro finds and copies the failure
/dqr { INPUT ~ -PoOiINt to another location on the spreadsheet.
CCRITERION~ .

o0UTPUT-

aq )

/xQPRINT~

’

ERASE

{DOWN)} o . this 13 the macro which erases all extraneous data from
{DOWN) the spreadsheet. the cell pointer moves down ten Iines v
{DOWN} beyond the faflure point and then proceeds to erase.
{0O0owWN) ' once finished control reverts back to the calling macro
{DOWN) “N :
{O0wWN)
{DOwWN)
{DOWN)
{DOWN)
. {DOWN}

{DOWN)
{DOwWN)
{left)
{l1eft)
/re
.{right)
{right) :
SAright) .

{r 'mf') . R lz R -'\cI
{right) : S
{right} 0
Aright}
~{right}

{right}
“ {end}
. {down)-

/xr ’



TIME MACRO

/x1TM>98999~/xgT IME2~
{goto) TM~
{edit){home)}’
(right):

{right)

{right):~

{down)}
/rnNCTESTI~~. :
/% ATESTI=0O~/xgFAIL~
/rndTEST3~
/xgLoOOP2~

{left)

University of Alberta

TIME2 MACRO

{goto) TM~
{edit){nome}’
{right)
{right)":
{right}
{right)<~
{down)
/rncTESTI~
/x4 TESTI=O~/xgFAILS
/rndTEST3~
/xgLOOP3~

PRINT MACRO

/cI0A~IDAA~ .
/PPUSR\GARYV\TENSILE\PRW
H12
-
rAl. . H244~
Y gerq
.{goto)Aa245~
/cl1DA~IDAB~

_/pfPSI

H12

r.
{end}{down}
{end)}{down}
{right)}
{rignt)
{right}
(right)}
{rignt)
{right}
{right)
{right}
{right)~

gerq

/cl1DASIDACS

/c1DA~IDAD~
/BFUSR\GARYV\TENSILE\PSUM
H12

- .

rSUMMARY =

geraq

/xr

156 ¢

this macro converts the time from a
string of numbers into a readadble form
eg: 123486 becomes 12:34:8%6

this macro works ‘on numbers smaller
than 99988

this macro converts number strings into
readable times. this macro works on
times less than 9:59:59 ’

this macro creates the priné files into

| which go the SI table of data as well as

| SUMMARY of data.

)

¥ o

e

w.

s
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:D.10.3 Inst&uct%ons for Using the Macro Program for Data

7} ! s

Processing

. -
;’NST!UCT!OIS POR USINC LOTUS 1-2-) SPAEADSHRETS

POR TENSILE SPLITTING DATA CﬁWUTIOI&
oW
- W

The cosputer 1s setup 1o euch a wey that LOTUS 1-2-) can be called up
from nny"umctoq 1s the tomputer. Whea you have turned the computer on end
you are at the "CN)>' prospt type o che folloving command "123° and LOTUS
vill be Toaded fago, the computsr, '

“Prom 'thers thpe ta S/ (/ file ratrteve) and & asries of directory
nases will appear the command line. Choose the directory named *USR" then
another series of "¥lrectories will appesr, ‘this time choose the one named
"GARYV" and finally one more liet of directorfes will appear, chooss the oae
oased "TENSILE". Then a file name called “TSPLIT” will appear and press the
tfeturn key. The screes vill blagk out for o fev seconds snd then the
worksheet will appesr om screen. " b .

: Oun the command line s menu -'m appear with the louovlh\" cholices!
N ’ Bater Dste. Process Quie

N : -~ Pofat to the operatios you vish to perforw and press the enter key or /
LI else press the first letter of the commsnd (i.a. L, P, Q). :
:" B A . TNTIR DATA
If you choose to enter or edit data the computer will move the cell
poiater to the firet 1line of data. Io this cese data refers :to the
“FILERAME®, the “TEST TEMP.® and the “THICKNESS™. This data must be entered
ia order for the computer to kaow which files you vish to process. The files
that are to be processed must have deen copied tato directory “\Usr\Garry .
\TENSILE" previous td startiag the processing.

The ‘dats mst be entered under the correct headings ss follovs:

(\‘ } ’ . VilEnAe TEST TDO TRICKMESS

The filename does sot require the “.PRN" at the end, the computer assumes
this f{le destgnation. The test temp can be any aumber positive or
segstive. The thickoess must be famput fo INCR 1111 The data must be entared
fa columnar fors 80 to move from cell location to cell location use the cursor
kays. '

Once you have fintshed entering or editing the data press the “Alt” and
“A" kays simultanecusly to return to the command menu.

PROCESS

If you wish to process the data then use this command and the cosputer
vill automacically begin processing the datas. The computer requires
spproximstely 20 misutes to complete the calculations for esch set of tast
dats. Once the calculations are complated for a set of dats the computer-will
vrite the results onto the hard diek for later retrieval. The computer will

then erase the calculated dats and bc“.h calculstions on the oaxt date set.
When the computer has fiaished processiag sll of the dats sets the command
ascu will reappesr on the screen. ) )

- QUIT

This a ca the Wputer to save the workshest and exit froe
LOTUS 1-2-3. '

Ouce you have exited from LOTUS you u; print out any of the processed
data by golag to the directory samed °C: USR GARYV TERSILR >° gnd typlag in
the following commend:

PRINT PILERANE.PRN
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D.10.4 Sample Printout of Processed "l'ut'mtu

sTeaIn
L0AD Lvor Lvor VERTICAL  STRESS RATE  SYirFMgssS
(ne)- A ] [T ] Lvor (aPe) (am/min) “[upe ’
.0 0 .0 .0 .0 .0 (] A
‘0 0.00008 “.00000° .00000 0.03631 0 2.200 108. 0
‘0 0.00008 .00000 0.00004 0.018(8 0 -1 140 .0
0 .00000 .00000 .00000 O.08820 .0 4.023 108.0
-0 0.00006 .00000 .00000 O 89378 O 30.494 108.0
2.6 0.00003 0.00003 0.0000¢ O.93210 .t 1.199 1188 ¢
86.1 0.00003 0.00008 0.0000¢ O ¢9814 .4 4022 418 3
97.6 0.00007 0.00007 0.00008 O 62283 LI N T 19903 K
17.¢ 0.00007 ©.00040 o.m 0.80097 K 4.022 $040.8
143.6 0.0000 0.00010 O. 0.6099 .2 ~8.172 3007 8
. 170.7 0.00010 0.00013 0.00008 O.§129% .3 o.878 M3
108.1 0.00012 0.00012 0.00011 O.3881¢ .3 -20.¢87 2000.3
322.0 0.00013 ©0.00097 0.0001t O. .9 1.724 3188.2
2480.8 0.00018 0©.00017 0.00018 O©.37774 4 1149 LLIARE -
270.0 0.00017 0.00043 0.00019 ©.37774 T 0000 2394.3’ :
30¢4.9 0.00017 0.00024 ©.00019 O.36818 8 -0.878 2028 .3,
336.6 0.00022 0.00030 0.00033 0.327774 .8 0.879 3348 .3 4
3.7 0.00022 0.00020 O0.00027 O.26018 .6 -0. 878 2198 3
370.0 0.00022 0.00034 0.00037 O. K] 1.72¢ 23328 .2
404.0 0.00027 0.00037 0.00030 0.37774 & -t 148 218
439.3 0.00037 0.00041 0.000%0 O©.30847 .8 2210.2
483.7 0.00037 ©.00041 0.00034 O.26818 .4 0 2
4808 0.00034 0.00048 0.00030 O.3681'8 .9 2088 7
801.4 0.00037 0.00060 0.00048 ©.3777¢ .2 1802 7 .
$2¢.8 0.00039 0.00008 0.00048 ©O.30847 N 1890 2
081.2 0.00044 0.00080. 0.Q0048 O0.20733 ) 1028 ¢
173.2 0.00040 0.000808 O0.60089 O, N . 1762 .7
907.6 0. 00040 O.00000 0.00087 ©.31008 .7 . 17982
9:9%: 619.4 0.00084 0.00080 0.00081 O.3447¢ 4 . 1647 .0
”: ey 0 o.:z. 0.00073 0.00008 O©.30847 2 “2.200 14% .7
;98 s .9 0. 1 0.0007¢ 0.00080 ©.37774 0 -1.734 1991.8
f €87.6 0.00082 0.00083 0.00073 ©.37963 .7 2.673 1588 . ¢
o 712.2 0.00084 0.00088 0©.0007¢ O©.38732 6 ~2.200 19331
9:98:2% 4 734.1 0.00071 0.00089 O.00080 O.33883 .9 1.209 1909 . ¢
0:98:2¢ % 784.8 0.0007 0.00103 0.000080 ©.31008 .2 -0.818 1410.9
8:98;37 3 T™.0 0.00000 0.00 0.0008¢ ©O.34478 N ] 1.72¢ 17298 .8
9:38:29 37 600.0 0.00083 0.00t13 0.00008 O.34478 .8 0.000 193777
9:38:39 3%  819.8 0.00008 O0.001t8 O. 0.33831 .0 -0.878 13870
9:98: %0 30 8418 0.00003 0.00t30 0.00 0.31008 BRI YT ) 1341.0 .
9:98:31 40 063.4 0.00008 O0.0018¢ 0.00190 O.34478 .4 1.73¢ 1201 ¢ .
9:99: 92 41 8831.9 0.00102 0.00134 0.00t18 O.3e478 .0 0.000 122¢.2
0:90:33 42 004.0 0.00%07 O0.00164 0.00133 O.3982¢ 813, -0,
0:30:94 .43 624.0 0.00112 0.00148 0.00138 O.34470 833.4 .
e:98:98 40 948.3 0.00117 0.00184 0.00137 O.36304 a9
9:30:38 45  065.3 0.00124 0.00163 0.001a8 O.3304 8886
9:98:37 , e .6 0.00120 0.00188 0.00148 0.36394 ear.2
:98: ar 3 0.0013) o.gcn ©0.00184 0.4022% 904.7
: 40 4 0.001x% O 0.0016¢4 0.37382 030.0
a 8 0.0014¢ 0.00193 0.00171 0.37382 038.3
0 -4 0.0018¢ 0.00200 0.00178 0©.40228 %8¢
81 1076.0 0.0016% 0.00212 0.00108 O.3267 4s.2
.2 9 0.00168 0.00130 0.00184 ©O.41183 ey . ¢
83 1132 0.0017¢ 0.00317 0.00903 O. .8
%4 1126.6 0.00183 0.00238 0.002¢3 O. 1042.0
83 11439 0.00183 0.00248 0.00331 1037.3 |
86 1161.0 0.00202 0.0028¢ 0.0022¢ 1042 .7
.: 87 1176.0 0.00307 0.0020¢ 0©.00340 1088 .0
9 S8 1'832.7 0.00217 0.00380 O.00247 071,32
[ 88 1207.3 0.0021% 0.00283 0.00290 1084.3
.: 60 1222.0 0.00237 o.oou: 0.00366 1007 .4
.: 1 81 1236.¢ 0.00248 0.003t8 0.00983 1110.¢
9:38:92 €2 1281.3 0.00208 0.0033% 0.00389 11239
® 83 €3 1361.0 0.00366 0.00330 0.00304 11329
0:39:84 64 1376.0 0.00878 0.0038% 0©.009%3 1147 9
9:39:98 6 1200.2 0.00390 0.00383 0.00327 188 0
9:39:9% 88 1302.4 0.00302 0.00378 0.00343 11607
9:38:07 41 13146 0.00912 0.00308 0.0030¢ 11800.17
.:38:08 68 1324.4 0.00324 0.00410 0©.00300 188 . ¢
9:29:80 69 1336.¢ 0.00330 0.0042¢ 0.00384 1200 4
9:38:00 70 1368.3 0.00349 0.00438 0.00600 1208.3
9:36:01 79 1306.1 0.00383 0.0041 0.0041% 1213 9
5:96:03 73 134%.¢ 0.00378 0.0047¢ 0©.00430 12 A
9:36:0) 73 1378.4 0.00303 O.00400 0.004as 120% 4
9:38:00 74 1303.9 0.00410 0.008t2 0©.00080 13425
9:36:08 T8 1300.3 0.00424 0.00832 0.00¢T9 1260 ¢
9:36:08 76 1402.4 0.0044%1 0.00848 0.00490 11909
9:36:07 77 1407.3. 0.00684 O.00848 0.00816 1263 .9
: 36108 78 t414.4 0.0047¢ 0.00800 0.00838 12%.8
108 ™ 1423.0 0.00483 0.00807 0.00883 1277
0 . 80 1431.7 0.00810 O.00837 ©0.0087S 13880
: 81 1438.4 0.00837 0.00888 O.00887 1290 3
83 1447.8 0.00048 0.00800 0.00816 1294 . ¢
83 1448.3 0.00868 0.00%07 0.00830 1209.0
84 148%.3 0.00888 0.00732 O 00882 1203 4
88 1454.1 0.00000 O0.007T88 ©.0080% 1307.7
06 1467.0 0.00830 0.00T90 ©.00700 1212.4
07 1448.0 0.00834 0.00830 ©.0073¢ 1318 g
88 tAT0O. 7 O0.0088¢ 0.0084¢ 0.00783 1320.9
40 1478.¢ 0.00088 0.00080 0.00778 1338.3
90 1400.8 0.00808 0.00817 0.00803 1329 ¢
81 1208.4 0.00702 O0.00048 0.00028 1334 0
82 1487.8 0.00730 0.00008 ©.00906 139 .2
83 1407.8 0.00738 0.01027 0.00087 13% 3
84 1490.3 0.007T4t. 0.01088 0.0081(? 1330 . 4
o8 1400.3 0.00778 ©0.01110 0.00081 1336.4
04 1452.7 0.00800 0.011%4 0.00008 1340.¢
87 1480.3 0.00833 0.01203 0.0%020 1330 4
98 1487.0 0.00846 0.01284 O 008« 13%6.3
80 1488.4 0.00068 0.01318 001008 133¢.0
W0 1402.9 0.00000 0.01371 " 0.0V138 13349
101 1402.0 0.00018 O 01434 0.01180 19319
W02 14808 0.00030 O 01488 0.01239 1329 ¢
103 1476.0 0.00068 O0.01988 0.01271 1327 o
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ST. DEVIATION .

COEF VNRIATXON -

G UL F. PEN 85/100 -
“ SAMPLE SPECIMEN  STRAIN.
. NUMBER TEMP (T) -{(mm/mm) ,

RR17"° .. =20 0.00061

.. .RR15 =20 . 0.0003
. ‘RR9 -20 0,00034
© . RRI3 ~20  0.00049
L 4 ““! - ' .
NO. OF TES = 4

| MEAN . «  0.000435

ST DEVIATION -

COEF vmunon 28

ot R f
E e a ..

G”U‘L F PEN. 200/360’;"

o

STRESS
(kPa)
2729.4
2847.7
1478.9
1474.8

32 8‘070 18. 60941'34 0?:15

T!FFNESS

(MPa)..

:8177.6

s 706.‘. .
i é"" .4
175438 .5,

s 4 4
'2132.7 9639.375

v

L (kP&) -
1082 1

/. 1019.9.
REkL -]

, 1015.3
8954 .2

]

104888

000123_657.1839 4416,269

36543 30.81464. 45.81489

STRESS STIFFNESS T

{MPa)
294.7

236.2

. 203
298.6

144.8

. 5
235 .46

24.04202'67;81231

. @
. G UL F PEN 200/600 )y
sanple specxn;N /srnnxuu“
NUMBER TEMP (C)  (mm/mm)
. RWIE 0 0.0087
. < RW9 . 0 0.00788
.. -awe 'O 0.01054
. RWY. . .0 0.0062
4 N /
@ RVt © '0.01202 -
" NO. OF TEST ~ w i s
MEAN - ‘s 0.008668..
- ST. DEVIATION = . 0,002250"
" COEF VARIATION -~ 25.96408
] . ’

7,059818 2459560

.’

TA

COEF VARIATION

‘G ULF

SAMPLE SPECIMEN
NUMBER. Tsyp (c)
‘RR18 . -30
RRY . =30
"RR3 =30
" RR10 -30
RR2 ~30
. ,
NO. OF TEST - =
'MEAN =
STY DEVIATION = .

COEF VARIATION °

SANPLE SPECIMEN

NUMBER. TEMP (C)
RW1S -10
- RW21 -10-
RW22 -10
RW12 ' | ~10:
RW19 =10
' . ]
NQ. OF TEST . =
gm . Sl
Y. DEVIATION

cdervvknllrxon

GULF. _PEN-200/300

,PEN 65/100

o L | (L ) |} 162
it - - . ,
W o . _— - v
e w o . .
d o R &~ “
// 2 % F— > A .
. . . . R o ‘ , , ' '
v GULF pEN egy'joo -‘- - GUL F- PEN ss/too B coe N
. , - -
‘SAnpis s&ecxueu " STRAIN STRESS STIFFNESS  SAMPLE SPECIMEN STRAIN STRESS STIFFNESS 1
wmeg TEMP (C) (mm/mm) : (kPa),] (Mpa) ‘ NUMBER TEMP (C) (mm/mm) (kPa) (MPa)
RR 1 0 0.00464  1641.4 645 RR14 ‘v -10 0.00156 1962.9  2295,1.
 RR13 ©.0.00632 1748.4 504.9 " RR 16 =10 0,00118 2645  4050.2
/R4 "0 0.00186 1051.8 1029 .. : ‘ s _
“RR 1Y 0 0.00483 1196.1 451.5 RR6 . <10 0.00061 1768.6 . 5208
RRSE 0/ 0.00575 1549.2  491.8 : i "
NO. OF TEST .. "5 g 8 NO. OF TEST ' = A 3 3
MEAN v . 0.00468 1437.38 '624.44  MEAN 1 0.001116  2125.5 3894.766
0:001536, 267.4880 212, 5418 ST. PEVIATION = 10.000390 375.8087 '1234.098

34. 96234 17. 58095 31 68607

L
STRAIN  STRESS STIFFNESS -

(mm/mm) . . (kPa) (MPa) .
0.00046 - 2304'4 = 9205.8 .-
0.00042 .- 2187.8 - 9534.7
0.00046 " 2082.9° ,aazo.s
0.00023 - 1813.3* 14487.7
0.00083 2495.3_ 8546

L 5 5

0. 00042 2176 84 10019.02 \.'

‘0. 000101 227. 6458 2276.769

24. 14055 10 45762 22. 72447

UL E pen 200/300 : IR

»

STRAIN. -srness srxrrness
(mm/mm)"  (kPa) (MPa)

0.0019 1732 . 1660.6
0.00217 - 2081.1 1750.3
0.00167 1955.2 2130.2
0.00027 . 2361 : 16169.2"
,0ﬁ00224 2231.8 1818..2
5 '5; 4 5
O q0165 ‘2073 .42 4705.7

0.000719 219.2375 5733 929‘

43. 5ad<:h:o 57371 121, aso7

A

A_"

SAneLs svtcxMEN  STRAIN' S]RESS STxFFNés
‘NUNBER ;gup (c ™ /rm) (kPa) (MPg).
T I RWS. ér . 1 0.00042- 3355.8 14624.6
. RWAD —ao 0.00038 . 2295.7 11005.2
- T RW? 30 0. 00046  2970.5 .11866.7
i oo, Rw2. 07 T 230 -0, oooa; 3009.7.. 6870.4
S RWS T30 97‘ 25639 10242.3
‘NO. OF oTEST = | « 8 -5
CMEAN. = 0.0008504 2839.12 1Po21.84

- Sk, ‘oev TION =" '0.000150 369.8642 7508.4
: cosr VIRIAYION -29.91314 13 03094 22,37621

. AR T o

ST, aev:arxou‘%

:i;{.‘)f# \ \59,_\, }f“b

0 000299 496 4992 737 '80S5

coer VARiATlON *9 36001 18, 33155 22 47995

19 s

N

S, .SAMPLE SPECIMEN. STRAIN  STRESS STIFFNESS
MBER TENMP. (C) (mm)/mm) (kPa) {MPa) -
_Rw25 =20 ©0.00133 = 3276.9" . 448872
RW20 «. . -20 0.00164 _2090.3  2330.4
RWI7 - .- --20 0.00114¢ "2132.7 3408
A Rw23 -t {£20 0 0.0Q202 -3009.7 27223
RW14 v X 16 - 3032.6 3461.4
4m nsr = .8 T - W
MEA « 3.001546 2708.44 3282. ﬂ% T

L J



Y
N

HU % K v peu 85/100

SAMPLE SPECIMEN

NUMBER FEMP (C)

“ . 818 <20
v 522 % -20

. S14 =20
88 % =20

'NO. OF TEST ° -,

MEAN
ST. DEVIATION '.

COEF VARIATxoM

ST .DEVIATIDN .

caeF VAR}ATZON

"53.90518

HU. S K Y, PEN 85/100

4 2 ‘

STRAIN  STRESS STIFFNESS SAMPLE SPECIMEN  STRAIN
~o( mm/mm) (kPa) (MPa) NUMBER TEMP (C) (mm/mm)-
0.00099 '2352.3.  4337.2 sis  -30 o. 00048 :
0.00091 2935.1 5942.7 S21 _  "-30 0.00p88 "
'0.00072 2598.4 = 6555.9 $20 ~~30 0.00087
©0.00034  2290.3 12198.4 $17. =30 0.00083
4 4 4 NO. OF TEST ‘a
.0,00074 2554025 7258.725 MEAN 0.000617

2.0 N 0

O 000250 269.0339 2965. 151 ST, DEVIATION
10,53372 40. 84948 COEF VARIATION

®

PENZOO/GQO ‘

HUSKY PEN 200/300 f, N;”“ Bt s K Y
SAMPLE SPECTMEN'  STRATAN %ss svsﬁ!’ %mm.e SPECIMEN NRTRAIN
NUMBER TEMP (L) (mm/mm) (kPm): (M Nuneea TEMP (C)  (mm/mm)
~H1a® - 0 0.01024 , -740.4° 139 " HS -10 . '0.G036S
HI O 0.0132 % 655.9 90.6 . H10. <10 " 0.00%44
H7 O 0.01708  649.6 69.4 H2 -10 0.00388 .
H19 0 |'0.015‘41 . 595 70.4 <H20" . -10- 0. 00609
v L : H18 -10 " 0.00769
NngoF TEST = 4 4 4 NO. or resr - 'S
"MEAN - - ' - 0.013982 660.22% 90.575 MEAN - 0.00%53%
ST, DEVIATIDN = .0.002561 51.99501 25.31386 ST, OEV}ATION = 0.001488
'COEF VARIATION "¢ 18.32133 7.878348 27.94796 COEF VARIATION 127.82750
e . & . v V' M "

THUSS K'Y PEN;200/300 T T Ly u~$ K Y P E N 200/300
sAMPLE'svtéanN srhAIN STRESS STIF:NESS SAMPLE" SPECI?E? (517A1?>&
NumaeR 1 \ T ~30 0.00042

o -20 0.00495} PAAN R R
T H16 -20. 0.0Q658 o, 869,33 ORI R
‘H13 - ~20 0. gggia ©2269.7 vy H12 7 7 7=30 - 0.00042
P n1”' .-20 . 0.00244 185222 (; ”;f -30 000042
"NO, or TEST e e et a4 4.NO. OF TEST ';ifﬁ B
" MEAN- - e 0. 004025 2814.65 1524.475 MEAN - - - ™ 0.00042 2

0 001830 253 3064 563. 1352 ST. DEV!ATIDN s

45,6205 1.. 9.354855 ‘36.9.3962_ ¢OEF »\:IARIAT!_AON 0 OOOOOO 8.

178E-12 233. 6122 1010 oqz..
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HUSKY PEN 85/100 HUSKY PEN é%/ioo B
SAMPLE SPECIMEN  STRAIN . SYRESS STIFFNESS = SAMPLE SPECIMEN. STRAIN - STRESS STIFFNESS ‘-
NUMBER TEMP (C) (mm/mm) ~ Pa) ~ (MPa)  NUMBER TEMP (C) (mm/mm)  (kPa) = (MPa)
s4 -10 '0.00171 ° 2636.5 - 2872.6 $11 0 0:0098%  1340.6  248.1.
s16 ~10 ,0.00288  2126.1- 1498.9 s19 O 0.00704 1247.9  323.4
$13 - -10 70.00103. 2875.8  5106. 1 ss 0 0.01488 1402 171.9.
s6 -10, 000186  1830.1 - 1790 4 s7 0 0.00997 - 1178 218.8
$12. . <10 0.0038 2234.7 ' 1071.3 st 0 0.00932 .1123.2  219.8
.o - , l . L . . 0
NO. OF TEST = 5 5" s NO. OF TEST = o s . s
MEAN . =  0.002198 2352.66 2467.86 MEAN = 0.010213 1258.34 . 235.74
ST. DEVIATION *  0.000941 82.1829 1447.227 ST. DEVIATION = . ©. 002862 102068 3 2dl “
COEF VARIATION 4285646 16. 24471.58.64302 COEF VARIATION 2509495 8.

lesgpa 2‘?i&:‘£

STRESS ST IFFNESS

(kPa) - (MPa)
2160.9 7960 3
2098.1 - 4373

2853 *9117.9 .

2%10 8%94.8

2408, s . 7513, 5-

0. 000154 302.2831 1850 284
24 .'9_6699 12. 5*33 .24.73261

~ oy -
’ o
STRESS STIFFNESS
(kPa) (MPa)
805.8 402 .4
.1413.9 474
'125¢.8 -  590.7
11:§§§ :348.3
1427. .'336.8
5 -7
'1213.3 . 430.84

226.5617 93.28563
18.67318 21.6%5203
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: STRES STIFFNESS
(kPa (#Mpg)
2758"_4> 10021 d !
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24&9 3 10043 5
foss [2 138608
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pgnx AL PEN ag/qoo !NP‘ERlAlL PENcBﬁ/lod . e
Qmm.e SPECIMEN STRAIN  STRESS STIFFNESS SAMPLE SPECIMEN ~ STRAIN = STRESS STIFFNESS
NUMBER TEMP (C) * (mm/mm) (kPa) (MPa) NUMBER TEMP (C) (mm/mm) (kPa) (MpPa)
cL? 0  Q.0067 1522 414.5 . _ oA : :
€L22 0 Jolro067  1549.8 4221 cL21 « <10 0.0019 2397.7 2298.9
oL o; 123 cL17 ~10° 0.00236 . 2014.4 _ 1557.5
CcL3 -0 " 0,00723 1289.8 325.4 CL 12+ -1 ' OF 1 1‘ 5. 1543 .8
cL19 0 0.0065f 1168.7 327.6 ‘ 0 0.0028 21288 3
NO OF TEST . " s 4 Moo OF TEST = 3 3 3
oo o MEAN =  0.002256 2179.2 1800.066
MEAN o 0.006785 1382.575 = 372.4 7. DEVIATION *  0.000259 161.0227 352.7727

ST. DEVIATION = ' 0.000268 159.4939 45.98516

COEF VARIATION. 3.955412 11.53600 12.34832

nxupe\bn 1- AL PEN85/1OO

ST.. DEVIATION

26.31651 13.11188 27.49604 -

COEF . VARIATION

»

" CO&F VARIATION
. ]

g* VARIATION -

11.50056 7.389076 19.59776

IMPERLAL PEN 85/100

P SAMPLE SPECIMEN . STRAIN  STRESS STIFFNESS SAMPLE SPECIMEN STRAIN  STRESS STIFFMESS '

NUMBER TEMP (C). .(m/mm) (kpa) AMPa) ' NUMBER TEMP (C) (mm/mm)  (kPa) . (MPa)

, ‘ S oeeh - eL13 -30 0.00049 ' 2764.9 10195.9

‘ S . ® CL4 ~ -30 0.00046 2573.6 10281.1 -
cL16 -20 -0.00046 2741.1 10950.2 cLt -30 '0.00099 2224.8 4102.1
cL9 =20 '0.00084 . 2675.2 5829.4 CcLS -30 0.00061 3320.7 9949.3 .
o cL2 -20 0.00087  2430.7 7768.4 cL1t ﬁ -30 0.00042  2667.2- 11624
NO. OF TEST = 3 3. 3 NO. OF TEST = ° ] s 5"
'MEAN =  0.000623 2615.666 8182.666 MEAN =  0.000594 2710.24 9230.48
ST. DEVIATION = ' 0.000159 133.5295 2110.980 ST. DEVIATION = = O. 000207 355 41%3*'&29 895
. N e "
COEF VARIATION 25.6"1268 5.104990 25.79820 COEF VARIATION 35.00064 13.11611 28.49143
B [ N : .

I*PERI‘L °°/3°° IMPERIAL PEN 200/300 -

B ' ‘

s E specxuen STRAIN. STRESS STIFFNESS SAMPLESPECIMEN STRAIN STRESS snrmz$s

ER TEMP (€)  (mm/mm) (kPa) | (MPa) NUMBER TEMP (C) (mm/mm) (kPa) (MPa)
ce’ 0 0.01556 964.6  .113.1 Cé6 - -10 0.00468 2105.9  820.8
P c19 0 0.01256. 751.3 109.1 cr -10 0.00198 1520.1 . 1401.4
v €3 0 ,0.00829 688.9 151.5 c17 -10 0.00186 . 1359.7) . 1330.3
~c22 0:0.Q1377 590.8 78.2 c2 -10 '0.00396  1662.6 . 766.4
c21" . 0.0.01035  613.3 . 108.1 | c11 -10 - 0.00152 ¥ 1550.5° 1858.2

S . . . . . . D e e > .

. NO. OF TEST = 5. 5- s NO. OF rgsT o= R - '8 5
MEAN : = 0.012106 = 721.78 112 MEAN = . 0.0028 1639.76 1235.42
ST. bsvunon = 0.0025%1.134.0430 23.35602 ST. os[unou = * 0.001270 25279985 404, 0534
coen VARIATION 21”0;(!. 24 18.57118 20.85389 COEF VARIATION ,45.38497 15.39246 32.70575
- R, v . !
f'MPERIAL PEN 200/300 - xnnenxAL PEN200/300
AMPLE SPECIMEN ~ STRAIN STRESS STIFFNESS  SAMPLE SPECIMEN  STRAIN srnéss 'STIFFNESS
MBER TEMP (C) . (gm/mm) (kPa) (MPa), = NUMBER TEMP (C) - (mm/mm) (kPa) = (MPa)
~ T =20 0.00278 2152.4 ' 1413.5 cs =30 '0.00068 - 2801  7459.7
c23 -20 0.0017%° - 2037 2122.8 C1S = -30 0.00068 ~3772.8 106047.9
. C10 =20 0.00452 - 2344.6  2809.9 © G5, - ,-30 0.00049 3435.2 12667.7 °
S €16 =20 0.00274 - 2744.4 1827.2 C20 .~ *-30 0.0003 2073.1 11042.3 .
L CA -20 0.00167 2833.2 3093.4 C14 -30 ' 0.00077 zsaa.a-‘vsza;a
NO. OF TEST = R T 5 NO. OF TEST = = s 5
MEAN ¢ = 0.002092 2423.52 2253.36 MEAN : = 0. ooosaz :fbta 18 9748.18
= 0.000350 347.7690 €19.5848 ST. DEVIATION « 0.000145 580. 4752 2022.532-

24.93244 _
K . L ‘ k ,‘ ’ ‘ r?‘?

v o g

%

s

19.26483 20, 74566



