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ABSTRACT

Since agphdt binder is the most important factor that affects low-temperature
cracking. It is imperative to know the critical cracking temperature in order to identify
susceptible agphats. The low temperature therma cracking of asphalt pavementsis one of
the main causes for annually repesting expensive highway repairs. To determine the low-
temperature cracking potential of the asphalt binder, asphalt binder cracking device
(ABCD) was used. The operating principle of ABCD is based on the differentid thermal
contraction between the metd ABCD ring and an asphalt binder placed outside the ring,
as the temperature is lowered, the test binder shrinks more rapidly than the ABCD ring
placed inside, which lead to develop therma stresses, when the thermd stress exceeds the
grength of the binder, the binder specimen cracks. Strain gauges ingaled inside the ABCD
ring detect the fracture, and the temperature is recorded as the ABCD cracking
temperature. Four groups of local asphalt binders were used for this study; Daurah PG
64-16 (Pen 40-50) bath rolling thin film oven (RTFO) and pressure aging vessel (PAV)
aged , Daurah PG 58-22 (pen 85-100) RTFO and PAV aged, Baiji PG 64-16 (pen 40-
50) RTFO and PAV aged, Basrah PG 64-16 (pen 40-50) RTFO and PAV aged. There
is a fairly good agreement between ABCD results and Bending Beam Rheometer
(BBR) in cracking temperature, for asphat binder PG 64-16 the differences in
cracking temperature about 6 ° C, while for asphalt binder PG 58-22 there no
significant differences. All the tests of local asphalt binders are done in the University
of Wisconsin-Madison- USA.

Keywords: Asphdt Binder, Agphdt Binder Cracking Device, Low Temperature Cracking,
Thermd Cracking.
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INTRODUCTION

hermal cracking of asphalt pavement is a mgjor form of deterioration on Irag

asphalt pavement roads. The thermal cracks appear during the first years after

road construction. These cracks are weak zones where water seeps into the
road structure and becomes the starting point for other degradations. The excessive
brittleness due to the increase in stiffness and decrease in the ability to relax stress
leads to the buildup of thermally induced stress and ultimately cracking of mixtures
in pavements [1]. On the basis of field experiments, many researchers recommended
limiting stiffness values to control the therma cracking of asphat pavements
[2].Visco-elastic materias such as asphalt mixtures can relax stress by viscous flow.
Asphalt pavements are restrained from significant movement, thus thermally induced
contraction can lead to significant stress buildup in the pavement [3]. The stiffness or
consistency (i.e., viscosity or penetration) and the temperature susceptibility at low
temperatures have historicaly been the most important considerations in thermal
crack prevention [4]. Idedly, a high stiffness at higher temperatures is preferred to
resist rutting and a low stiffness at lower temperatures to resist thermal cracking. A
lower viscosity (or penetration) grade of asphalt cement will produce a lower rate of
increase in stiffness with decreasing temperature and reduces the potential for low-
temperature cracking. According to Roberts et a. (1996) [5], temperature
susceptibility is the rate at which the consistency of asphalt cement changes with a
change in temperature. Binder with high susceptibility should be avoided because its
viscosity and stiffness are high at low service temperatures.

OBJECTIVE

The goa of this study is to determine the critical cracking low temperature for
Duarah, Basrah and Baiji asphalt binders using the asphat binder cracking device
(ABCD) and compare the results with low cracking temperature obtained using
Bending Beam Rheometer. The method will induce therma stress similar to field
conditions by restraining asphalt from contraction until a low-temperature crack is
observed.

MECHANICAL STRAIN OF ASPHALT BINDER IN FIELD

Aggregate and asphalt binder in the asphalt pavement both contract as the
temperature slowly drops. However, a mgjority of tensile strain will develop in the
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binder due to a relatively low modulus. The total strain of the asphalt binder in the
mixture due to cooling is affected by two factors occurring simultaneously:

1) Thermal contraction of the binder and aggregate.

2) Elastic elongation of aggregate due to therma stress.

The principle of superposition alows the therma contraction and elastic
elongation of a completely restrained system to be considered separately [6].

The asphalt binder fractures when the thermally induced stress exceeds the
strength. For evaluation of low temperature cracking potential of asphalt binder, the
current AASHTO M 320 [7] specification for asphalt binder performance grade (PG)
grade utilizes two procedures. The first procedure is using Bending Beam Rheometer
(BBR, AASHTO T 313) [7] test results, i.e., S (creep stiffness) and m-value, these
values are rheological parameters and determine only the thermal stress devel opment
for a given environmental conditions. This procedure assumes the same tensile
strength for all asphalt binders. However, some types of modification of asphalt binder
(e.g., polymer modification) significantly increase the tensile strength. To account for
the effects of tensile strength on the low temperature thermal cracking, the second
procedure was introduced, where, for prediction of the critica temperature, the
induced thermal stresses and the tensile strengths are estimated from BBR test and
Direct Tension (DT, AASHTO T 314) [7] test results, respectively, then plotstwo data
sets of thermal stress and tensile strength versus temperature, the point at which these
lines intersect is known as the single event thermal cracking temperature and a typical
graph is shown in Figure (1) [8]. The AASHTO M320 [7] rely on oversimplification
of binder rheology and require an unreasonably large amount of tests. Due to the
limitations of the Superpave asphalt binder specifications; there is a clear need for a
direct method for determining the critical cracking temperature of asphalt binder, the
Asphalt Binder Cracking Device (ABCD) was developed for this purpose which
directly measures the critical temperature under similar stress-strain field conditions.

ASPHALT BINDER CRACKING DEVICE

Plate (1) shows the asphalt binder cracking device (ABCD) which was developed
to smulate thermal cracking of asphalt pavement in the laboratory. It is consider more
accurate for determination the low temperature performance of asphalt binders than
other methods (Bending Beam Remoter and Direct Tension Test) because
1. BBR test results (Creep Stiffness and m-value; AASHTO M 320 [7] Table (1) :

a Tensile strength of asphalt binder is not considered.
2. BBR-DTT test combination (AASHTO M 320 [7] Tables (2 and 3) :
a DTT could not provide reliable tensile strengths of asphalt binders.
b. Difference in the coefficient of thermal expansion/contraction (CTE) of asphalt

Binder isignored.

The BBR data are used to cdculate therma stress in the binders as the
temperature drops, and DTT determines the tensile strength of the binder. Then, the
cracking temperature is determined to be the temperature a which the induced
thermal stress equals the tensile strength of the binder. However, the AASHTO M
320 [7] procedure has not been widely used partly because of the difficulty in
obtaining the accurate tensile strength of the binder using DTT [6]. ABCD overcomes
the challenges listed above by determining the low temperature cracking potentia of
asphalt binder in a field-like condition. ABCD uses the dissmilar coefficients of
thermal expansion (CTE) contraction of asphalt binders and metals to determine the
cracking potential of asphalt binders at low temperatures. The ABCD can measure the
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cracking potential of the asphalt binder under similar stress-strain conditions as found
in asphalt pavements which was previously unavailable. The ABCD directly
measures the temperature where the asphat binder fails. The ability to capture the
low temperature failure point of PG binders could provide vauable design
information for specifying agencies when selecting PG binders. Due to the length of
time required to condition and test samples the ABCD would be best suited for
research.

MATERIALS

Four groups of asphalt binders were used for this study; Daurah PG 64-16 (Pen
40-50) both rolling thin film oven (RTFO) and pressure aging vessd (PAV) aged ,
Daurah PG 58-22 (pen 85-100) RTFO and PAV aged, Baiji

PG 64-16 (pen 40-50) RTFO and PAV aged, Basrah PG 64-16 (pen 40-50)
RTFO and PAV aged.

ABCD SPECIMEN PREPARATION PROCEDURE

Preparing the samples by seating it in the iron heating cast and place inside the
oven at 165 ° C, while heating, applying a thin layer of lubrication (glycerin) to the
inside portions of the mold by a brush as shown in Plate (2). Slowly pour the sample
into the mold over the protrusion until the asphalt has completely filled the space
directly below the protrusion to minimize the possibility of trapping air under
protrusion and formation of cold joint, after sitting the samples at least one hour for
cooling , heating spatulafor trimming the samples as shown in Plate (3). Then, placing
the samples within the cooling chamber and connect them up to the data acquisition
system

RESULTSAND ANALYSIS

Figure (2) through Figure (6) show the output results obtained using (ABCD)
device for each binder in duplicate tests. It can be seen in Table (1) the average and
coefficient of variation of the low temperatures for each binder, therefore, the accuracy
is seemsto be very good.

CONCLUSIONS

Review of the experimental results show that the simple Asphalt Binder Cracking
Device is a direct measurement of the cracking temperature without elaborate
assumptions and complicated calculations, and there is a fairly good agreement
between ABCD resultsand BBR in cracking temperature, for PG 64-16 the differences
in cracking temperature about 6 ° C, while for PG 58-22 there no significant
differences.
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Table (1)Results Obtained by ABCD Device.
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Figure (1)Low Temperature Thermal Cracking of Asphalt
Binder (www.ezasphalttechnology.com).
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Plate (1) ABCD Deuvice.

Plate(S)Pourng and Trimming of Samples.

3912



Eng. & Tech. Journal , Vol.31.Part(A) , No.21,201

Determining the Low Cracking Temperatures

of Local Asphalt Binder Using an Asphalt
Binder Cracking Device (ABCD)

Tast Dte Friday. Aprll 10, 2009 Tast Siamed 0030 16 - Sat Cooling Rale
Filg Sawed A CHABCD\ Analyzed TestsiDauraéd-18 Analyzed 0 Clw
Projact Hama ABCO Rugpedness Teme Anslyzed 1ETM/2000 1633
Eamgle IO L}
Ciomramient Camrmen Here Daurabd Dlameraiid-
WV ETE T Alaa TEpaw A6t
Crack Temperature (C]] -21.8 22.3
ABCD Sorain Jurmp [us]| 167 3.7
Test Results Cooling Rate Cih)| 207 0.7
Coolng Rate is the slope of 10 consecutve tame-sample tempesalure data when cracked
4
£l \
20 =
, ~— I
—_—] ——
= T~ }
: il 7
Bo
s 7
-20 r‘/
-30
m— DAUrASd-18pAY =———Daurasd-16Mo
-0
1Y . — .
£ -0 =4 =30 -20 A o
Temperabire, C

Figure (2) ABCD Resultsfor Daurah PG 64-16 Asphalt Binder Run-1.
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Figure (3)ABCD Resultsfor Daurah PG 64-16 Asphalt Binder Run-2.

3913



S R e RN Io TV VAo RCHM TR (NI N (oA W20k  Deter mining the Low Cracking Temper atures
of Local Asphalt Binder Using an Asphalt
Binder Cracking Device (ABCD)

Tasd Diate Ealimday, Apnil 11, 3000 Test Staried: 07148 46 « Bet Conling Rate
|File Saved As CAABCINAnalyzed Tostsilabh.Basra.mm1 Analyzed 0 Gihr
| Project Mame ABCD Rupedness Tirne Analyzed 120G 1732
| Samgle ID o
| Cormmeeni Comanent Hese Dauwrais | Basrabd. | DauraSs. | Basrabd-

Ohpesalon Alaa 2IRTFO | 16RTFOD | Z2PAN | 16PAV
| Crack Temperatrea [C)] 258 -] 220 23
_AECD Strein Jump (ue)l 110 Falt ] 129 2441

Test Results Cooling Aate [Cihi)| 20,8 LT 205 .8

Cooling Rate is the slope of 10 consecuthve ime-sarmple tarnpensure data whan cracked
5 =—arasi-22RTFO = Eiaratid- 16RTFD
4 - i
——] ——Daurasa-T2RAY — Basradid-16PAY
e TN
H ———
b | == h-.-“'""h‘..
T \‘\“-
| |
N S—— = j
£o s
] A |
=10 ¥ |
2 4
M |
£ i
-1 1
-3 |
D A0 Al -3 20 -1 ]
Temperatre, C
Figure (4)ABCD Resultsfor Daurah PG 58-22 and Basrah
Asphalt Binder Run- 1.
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Figure (5) ABCD Resultsfor Daurah PG 58-22 and Basrah
Asphalt Binder Run-2.
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Figure (6)ABCD Resultsfor Baiji PG 64-16 Asphalt Binder Run-1.
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