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Abstract: A kind of neat asphalt and three kinds of diatomite
asphalt are tested using differential scanning calorimetry( DSC).
The anti-cracking mechanism of diatomite asphalt is analyzed by
DSC and the thermal stress restrained specimen test( TSRST) of
the asphalt mixtures. The results show that the low temperature
performance of diatomite asphalt is better than that of neat
asphalt. The glass transition temperature can reflect the low
temperature performance of the diatomite asphalt better and has a
good relationship with breaking temperatures. Besides, the
TSRST, the bending test, the compressing test and the contraction
coefficient test are used to study the low temperature performance
of the diatomite asphalt mixture. The results prove that the low
temperature performance of the diatomite asphalt mixture is better
than that of the neat asphalt mixture. The critical bending strain
energy density and the compressing strain energy density of the
diatomite asphalt mixture are greater than those of the neat
asphalt mixture. After adding diatomite to the asphalt mixture, the
contraction coefficient is reduced. Based on the above results, the
anti-cracking mechanism of the diatomite asphalt mixture is
analyzed from the angle of contraction performance and breaking
energy.
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ontraction crack is one of the main failure modes of as-
C phalt pavements at low temperature. It can lead to block
crack, mud-pumping and so on, endangering the life and
quality of roads seriously. Hence, it is an important task to
improve the anti-cracking performance of asphalt pave-
ments'"’. The results of the Strategic Highway Research Pro-
gram ( SHRP) show that the performance of asphalt has a
great influence on the anti-cracking performance of asphalt
pavements'”’. So it is important to improve the performance
of asphalt and asphalt mixtures.

Diatomite asphalt is a new kind of asphalt that has been
used in recent years. The researches about diatomite asphalt
can be traced back to the eighties. Houston, Calgary, and Los
Angeles in North America adopted diatomite asphalt pave-
ments, and the results were effective’” ™ . China has started u-
sing diatomite asphalt since 1999. Some parts of Kun-E
road, An-Wen road, Chu-Da road, Kun-Yu road, and Da-
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Bao road have used diatomite asphalt''. Both the Road Sci-
ence and Technical Institute of Yunnan and the Highway
College of Chang’an University investigated diatomite as-
phalt mixtures and the results showed that the diatomite as-
phalt mixture has better pavement performance, and it is
worthy of being used widely™'.

At present, diatomite asphalt mixtures are already being
used in pavements, but researches about diatomite asphalt
and asphalt mixtures are still in the initial stages. Most of the
low temperature indices in the standards are based on experi-
ence, and some researches show that the evaluation indices
in the standards have low sensitivity in evaluating the low
temperature performance of diatomite asphalt”” ™. The rhe-
ology characteristics of asphalt at low temperatures is an im-
portant factor in the cracking at low temperatures’” " . So the
anti-cracking performance of diatomite asphalt should also
be studied from the angle of rheology characteristics. Al-
though the good low temperature performance of diatomite
asphalt pavement has been known, the suitable evaluation in-
dices of diatomite asphalt and asphalt mixtures have not
been established since their anti-cracking mechanisms are
not clearly understood. In order to promote the use of diat-
omite asphalt and asphalt mixtures, their low temperature
performances are researched and the anti-cracking mecha-
nisms are analyzed.

1 Materials and Tests
1.1 Materials

90# neat asphalt and three kinds of diatomite ( Changbai
diatomite, Linjiang diatomite and white diatomite) are used.
The basic performances of neat asphalt are presented in Tab.
1 and the chemical components are shown in Tab. 2. It
shows that there is much SiO, in all the three kinds of diat-
omite and the amount of SiO, in the white diatomite is the
highest. The amount of SiO,can reflect the amount of dia-
toms in the diatomite. The more SiO, the diatomite has, the
purer it is. For DSC, the proportion of diatomite is 14% .

Tab.1 Basic performance of neat asphalt

Penetration/(0. 1 mm) Ductility/cm Soft
PI — .
30C 25C 15T 5C 15C point/T
153 85 25 -1.72 14.6 >150 45.8

The aggregates are basalt. The gradation adopted the me-
dian of AC-16 | with 19 mm nominal maximum sieve size.
The proportion of diatomite is 14% , and the asphalt contents
determined by the Marshall test are 5. 2% for Changbai diat-
omite, 5. 2% for white diatomite, 5. 3% for Linjiang diat-
omite, and 5.0% for neat asphalt by weight.
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Tab.2 Chemical components of the three kinds of diatomite %

Changbai Linjiang White
Component . . . . . .
diatomite diatomite diatomite
Sio, 86. 12 82. 88 92.90
Al, O, 3.56 5.63
Fe, O, 0.94 2.24
TiO, 0.20 0.20
P, 04 0. 08 0.03
MnO 0.01 0.02
CaO 0.50 2.05
MgO 1.97 0. 66
K,O 0.50 1.24
Na, O 0.30 0.33
LOS 5.73 4.54
1.2 Tests
1.2.1 DSC

DSC is used to study the performance of asphalt from a
microcosmic perspective. It can measure the relationship be-
tween energy differences and temperature inputs to the sam-
ple. Its principle is that absorbing and distributing heat al-
ways reflect the change of the state of a substance, such as
melting, crystallization, glass transition and so on, and the
maximum in the DSC curve can reflect this phenomenon.
The increasing ratio of temperature is 10 C/min, and the
temperature is from —60 to 150 C.

1.2.2 TSRST

The thermal stress restrained specimen test( TSRST) is a
suitable method for imitating the cracking process of asphalt
pavements when the temperature is dropping. The size of the
specimen is 40 mm x 40 mm x 300 mm. The starting tem-
perature is 10 C, and the data are collected every second.
The temperature stress curve is shown in Fig. 1. Breaking
strength, breaking temperature, transition temperature and the
slope can reflect the low temperature performance of an as-
phalt mixture.
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and Bituminous Mixtures for Highway Engineering
(JTJ052—2000, TO715—1993) . The size of the specimen is
250 mm x 30 mm x 35 mm. The temperature is — 10 C and
the loading rate is 50 mm/min.
1.2.4 Compressing test at low temperature

The calculation theory of the strain energy density in this
test is similar to that in the bending test. And the test is
based on Standard Test Methods of Bitumen and Bituminous
Mixtures for Highway Engineering(JTJ052—2000, TO714—
1993). The temperatures are 0, — 10 and —20 C. The size
of the specimen is 40 mm x40 mm x 80 mm.
1.2.5 Contraction coefficient test

When the temperature drops, the contraction of asphalt
pavement will be restricted by the base course and the sur-
rounding structures, so the tension stress and strain are
caused by the contraction. And it will lead to cracking in
pavements. The contraction performance is one of the most
basic factors for the temperature cracking in asphalt pave-
ments. The contraction coefficient is an important parameter
regarding temperature stress. The temperature contraction co-
efficients from 0 to —30 C are obtained based on the meth-
od in Standard Test Methods of Bitumen and Bituminous
Mixtures for Highway Engineering ( JTJ052—2000,
T0720—1993).

2 Results and Analysis
2.1 DSC test

The DSC test can reflect the microstructure of asphalt.
Neat asphalt, Changbai diatomite asphalt and Linjiang diat-
omite asphalt are measured by DSC. As shown in Tab. 3, af-
ter adding diatomite, the absorbing energy decreases, indi-
cating that the temperature stability of diatomite asphalt is
improved. The glass transition temperature of diatomite as-
phalt is lower than that of neat asphalt. It means that the low
temperature performance of asphalt can be improved after
adding diatomite. In addition, the glass transition temperature
can reflect the microstructure of the asphalt. So the glass
transition temperature is suitable for evaluating the low tem-
perature performance of diatomite asphalt.

Tab.3 Results of DSC test

Type Absorbing Glass transition Scope of
energy/(J-(g-C) ") temperature/C top value/C
Neat 0.535 -13.034 -50.800 to —34.117
Changbai 0. 367 - 18. 468 —-41.467 to -39.540
Linjiang 0. 455 - 16. 666 -50.800 to —32.957

Temperature/ °C
Fig.1 Schematic of temperature stress

1.2.3 Bending test at low temperature

The strain energy density is a suitable method to evaluate
the low temperature performance of an asphalt mixture. It is
a parameter that can reflect both the strength and the distor-
tion. The strain energy density can be calculated by Eq. (1),
and the relationship between strain and stress can be ob-
tained by analyzing the curve of strain and stress.

d
dLvV - fo oyde, (1)

This test is based on Standard Test Methods of Bitumen

2.2 TSRST test

The results of TSRST are shown in Tab. 4. It can be seen
from the breaking temperature column that after adding diat-
omite, the breaking temperature becomes lower. This indi-

Tab.4 Results of TSRST test

Breaking Breaking Transition Slope/
Type 1
temperature/ C  strength/GPa temperature/ C  (MPa-C ~')
Neat -23.8 3.11 -19.3 2.429
Changbai -27.4 3.48 -23.0 1. 667
Linjiang -26.3 3.08 -19.6 2.048
White -26.5 2. 80 -22.0 1.789
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cates that the anti-cracking performance of the diatomite as-
phalt mixture is better than that of the neat asphalt mixture.

The results in the breaking strength column reflect that the
breaking strength of the Changbai diatomite asphalt mixture
is greater than that of the neat asphalt mixture, but the break-
ing strength of the Linjiang and white diatomite asphalt mix-
ture are less than that of the neat asphalt mixture. It means
that the anti-cracking performance of the Changbai diatomite
asphalt mixture at low temperature is better than that of the
neat asphalt mixture, while the anti-cracking performance of
the Linjiang and white diatomite asphalt mixture is worse
than that of the neat asphalt mixture.

The results in the slope column reflect that the slopes of
all the diatomite asphalt mixtures are less than that of the
neat asphalt mixture. This indicates that a diatomite asphalt
mixture breaks slowly after losing its relaxation ability, and
its anti-cracking performance is better than that of a neat as-
phalt mixture.

Above all, the anti-cracking performance of a diatomite
asphalt mixture is better than that of neat asphalt. Breaking
strength is not suitable for evaluating the anti-cracking per-
formance of diatomite asphalt mixtures, but breaking temper-
ature can reflect the anti-cracking performance more intui-
tively.

The breaking temperature in TSRST and the glass transi-
tion temperature of diatomite asphalt are analyzed by linear
regression, as shown in Fig. 2. It can be seen that the glass
transition temperature of asphalt has a better linear relation-
ship with the breaking temperature of the mixture. It also
proves that the glass transition temperature has an important
influence on low temperature and can explain the anti-crack-
ing mechanism of diatomite asphalt well.
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Fig.2 Relationship between glass transition temperature
and breaking temperature

2.3 Bending test

The results of the bending test are shown in Fig. 3. The
critical bending strain energy densities of the diatomite as-
phalt mixtures are all greater than those of neat asphalt mix-

tures. It proves that the anti-cracking performance of a diat-
61

111

Neat Changbai Linjiang White
Fig.3 Bending strain energy density of asphalt mixtures
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omite asphalt mixture is better than that of neat asphalt.
2.4 Compressing test

Fig. 4 shows the critical compressing strain energy density
of different asphalt mixtures. The compressing strain energy
densities of the diatomite asphalt mixtures are all greater
than those of neat asphalt. It shows that the anti-cracking
performance of a diatomite asphalt mixture is better than that
of a neat asphalt mixture if using compressing strain energy
density as an index. The results are in accord with the results
using bending strain energy density.
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Fig. 4  Critical compressing strain energy density of
asphalt mixtures

2.5 Contraction coefficient test

In Fig. 5, it is shown that under different temperature ran-
ges, the contraction coefficients of a diatomite asphalt mix-
ture are obviously smaller than those of a neat asphalt mix-
ture. With decreasing temperature, the contraction coeffi-
cients of all the asphalt mixtures decrease. The low tempera-
ture performance of a diatomite asphalt mixture is better
than that of a neat asphalt mixture using a contraction coeffi-
cient as an evaluation index.

181
16} O Neat

| B Changbai
14 0 Linjiang

—_— =
S N
T T

Contraction coefficient/(1076°C =)

S N B O
T

 0to-10 -10t0-20 —20t0-30 O to-30
Temperature/ °C
Fig.5 Contraction coefficient of asphalt mixtures

2.6 Comparing the indices

Breaking temperature can really reflect the anti-cracking
performance of an asphalt mixture, but the machine and the
method are complicated. The contraction coefficient can re-
flect the deformation performance of asphalt mixtures under
low temperatures, but it cannot reflect the performance when
the mixture is restricted. It is not used as an anti-cracking
evaluation index alone. The critical strain energy has a clear
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physical meaning and the corresponding tests are simple. So
the critical strain energy is recommended as an anti-cracking
evaluation index for diatomite asphalt mixtures.

The relationships between breaking temperature and ben-
ding strain energy at — 10 C, compressing strain energy at
0, —10 and —20 T are analyzed by a gray relation analy-
sis. The original data used for the gray relation analysis are
summarized in Tab. 5. The gray relation degree between the
bending strain energy at — 10 C and the breaking tempera-

ture is 0. 638; between the compressing strain energy at 0 C
and the breaking temperature it is 0. 896; between the com-
pressing strain energy at — 10 ‘C and the breaking tempera-
ture it is 0. 748; between the compressing strain energy at
-20 C and the breaking temperature it is 0. 553. It shows
that the gray relation degree between the compressing strain
energy at 0 C and the breaking temperature is the biggest.
So it is the most suitable index to evaluate the low tempera-
ture performance of the diatomite asphalt mixtures.

Tab.5 Original data of the gray relation analysis

Type Bending strain energy/ Compressing strain energy/(kJ-m ~?) Breaking
(kI-m~3)( =10 C) 0cC -10C -20 C temperature/ C
Neat 3.73 142. 17 198. 69 193. 81 -23.8
Changbai 5.21 158. 47 222.20 210.93 -27.4
Linjiang 4.19 150. 00 199. 27 219.05 -26.3
White 3.87 149. 85 198. 95 286. 26 -26.5

3 Anti-Cracking Mechanism of Diatomite Asphalt
Mixture

Now there are many calculation modes used to research
the cracking mechanism at low temperatures, such as the
limited stress method, the admitted distortion method, the
cracking temperature. These methods hold that cracking will
occur when the accumulative temperature stress or strain ex-
ceeds the admitted stress or strain. In fact, contraction
cracking is a very complex problem. The performance of as-
phalt, asphalt content, pavement structure and construction
and so on can influence the performance of pavement. So it
is not suitable to use a single influence factor to evaluate
the performance. The relationships between material per-
formance and mechanics analysis of pavement structures
should be established. A calculation method of cracking ra-
tio is brought forward based on energy; it is expressed by
cracking space as follows:

hU, 1

(2)
a

h
j o (1, W) AT(t,, h')dh'
0

where £ is the pavement thickness; U, is the cracking ener-
gy, and it is a function of asphalt performance, gradation,
temperature and strain ratio; « is the contraction coefficient.

The equation shows that the cracking energy has a direct
ratio with cracking space, and the contraction coefficient has
an inverse ratio with cracking space. If the cracking energy
is greater and the contraction coefficient is smaller, the
cracking ratio will be smaller.

From the angle of contraction, Fig. 5 shows that after
adding diatomite to an asphalt mixture, the contraction coef-
ficient becomes smaller, so the cracking space will get big-
ger based on Eq. (2). It means that the anti-cracking per-
formance gets better.

The critical strain energy of the three kinds of diatomite
asphalt mixtures are greater than that of the neat asphalt
mixture, as shown in Figs. 3 and 4. The anti-cracking mech-
anism of a diatomite asphalt mixture can be explained based
on the figures and Eq. (2). Because the cracking energy of
a diatomite asphalt mixture is greater than that of a neat as-
phalt mixture, the cracking space in a diatomite asphalt

pavement is greater than that in a neat asphalt pavement.
4 Conclusion

A kind of neat asphalt and three kinds of diatomite as-
phalt are tested by DSC. And the corresponding asphalt
mixtures are tested by TSRST, bending test, compressing
test and contraction coefficient test. The results show that
the low temperature performance of a diatomite asphalt
(mixture) is better than that of a neat asphalt( mixture) . The
glass transition temperature can reflect the low temperature
performance of diatomite asphalt better and it has good rela-
tionship with breaking temperature. The critical bending
strain energy density and the compressing strain energy den-
sity are greater than those of neat asphalt. After adding diat-
omite to an asphalt mixture, the contraction coefficient will
be reduced. The compressing strain energy at 0°C is recom-
mended as a suitable index to evaluate the low temperature
performance of diatomite asphalt mixture. The anti-cracking
mechanism of diatomite asphalt can be explained by DSC.
Based on the results of asphalt mixture and the calculation
equation of cracking space, it is believed that diatomite can
make the contraction coefficient smaller and the cracking
energy greater, so the anti-cracking performance of asphalt
mixture can be improved.
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