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Test method of SBS content in modified asphalt
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Abstract; The performance indexes of three kinds of base asphalts modified with different SBS
contents were tested, grey correlation analysis method was used, SBS content was as reference
sequence, the performance indexes of modified asphalt, such as penetration, softening point,
ductility, elasticity recovery and kinematic viscosity at 135 C, were as comparison sequence,
correlation grades between SBS content and main performance indexes were calculated and
sequenced. The weight of each performance index was calculated by normalizing correlation grade
coefficients, the relationship between conventional performance indexes and SBS content was set
up, a test method of SBS content based on multiple indexes was put forward, and the method was
validated by using sample groups with known SBS contents. Analaysis result indicates that the
main performance indexes with significant correlation to SBS content are softening point,
elasticity recovery and kinematic viscosity at 135 C. The absolute deviations of SBS contents for
three kinds of modified asphalts are all within 0. 15%, so the method is reliable. 13 tabs, 20 refs.
Key words: road engineering; modified asphalt; SBS content; performance index; grey

correlation analysis method; weight coefficient

pavement performance, it is widely wused in

0 Introduction ,
pavement construction and maintenance™. SBS

SBS modified asphalt can effectively improve content plays an important role in SBS modified
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asphalt®", which is an important control
parameter in the production and use of modified
asphalt™. However, there is no effective method
to test SBS content in modified asphalt, process
control in the production of modified asphalt is the
common way to insure SBS content, which needs
supervisors to check operation staffs whether they
add SBS according to the given content, so the
influences of human factors are significant, and
results can not be evaluated effectively. Xiao et al
used infrared spectrometer to test SBS content in

tt. Xiao et al proposed a quality

modified asphal
control method for SBS modified asphalt based on
micro-disperse state analysist™, due to test
equipment and technical requirements, the method
was difficult to practice. More researchers studied
the relationship between SBS content and the
performance of modified asphalt. Yuan et al
researched the influence of SBS content on the
ductility and other properties of SBS modified
asphalt™® . Li et al researched the viscosity and

SBS modified

Zhang et al researched the softening

temperature  properties  of

asphaltst'®.

point characteristics of SBS modified asphalt™!,

Lu et al researched the low temperature
characteristics of SBS modified asphalt!***!. Xiao
et al researched the relationship between SBS
micro-disperse state and the performance of SBS
modified asphalt™*. Existing rescarches show that
SBS content in modified asphalt has a certain effect
on conventional performance indexes, such as
penetration, softening point, ductility at 5 C,
elasticity recovery and kinematic viscosity at 135 C.
So, some researchers put forward the method to

test or control SBS content by using a signal index

such as softening point, kinematic viscosity at
135 C, or more indexes, but the discretenesses of
test results are too large, and it is difficult to
establish a unified standard for different modified
asphalts. In this paper, a test method of SBS
content based on multiple indexes is put forward,
in the method, several performance indexes of
modified asphalt which are significantly influenced

by SBS

correlation analysis

contents are chosen by wusing grey

method, and an equation

and SBS

established. Through the equation and indoor test,

between the indexes content is
SBS content in modified asphalt can be accurately

identified.

1 Performance tests of raw materials
and modified asphalts

Three kinds of base asphalts are used in this
research, they are named A, B, C respectively.
A, B are 707 base asphalts which are made in
China, and C is 907
imported. The modifier is SBS 1301, it is white
pillar. All materials are tested, and can satisfy the
Technical
Construction of Highway Asphalt Pavements (JTG
F40—2004). Modified asphalts with 3%-5% SBS
contents and 0. 5% interval are prepared by high-

base asphalt which is

requirements  of Speci fication  for

speed shear method, and their main performance
indexes are tested. To ensure the reliability of test
results, three samples of each kind of asphalt are
tested, and average values are taken as test
results. Test results are shown in Tabs. 1-3.

From the performance indexes of three
modified asphalts with different contents, it can be

seen that kinematic viscosity at 135 ‘C, softening

Tab. 1 Performance indexes of modified asphalt A
SBS content/ Ductility(5 'C)/cm Kinematic viscosity Softening point/ Elasticity recovery Penetration
% Before aging After aging (135 C)/(Pa - s) C 25 C)/% (25 C)/0.1 mm
3.0 30.0 20.7 0.997 59.1 78 55.3
3.5 39.1 24.7 1. 385 70.7 82 54.1
4.0 32.3 20.5 1. 601 84.4 85 53.7
4.5 34.7 23.4 1.925 85.5 90 53.0
5.0 31.7 22.3 2.353 89.4 93 53.1
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Tab.2 Performance indexes of modified asphalt B

SBS content/ Ductility(5 C)/em Kinematic viscosity

Softening point/ Elasticity recovery Penetration

% Before aging After aging (135 C)/(Pa+s) C 25 CHY/% (25 C)/0.1 mm
3.0 36. 4 24,2 1.045 56. 4 75 58.7
3.5 40. 7 28.5 1.250 61.3 78 58.3
4.0 34.7 23.9 1.504 64.1 82 58.0
4.5 40.0 28. 2 1.740 70. 6 87 57.2
5.0 35.8 26.5 2.087 90. 1 92 57.0

Tab.3 Performance indexes of modified asphalt C

SBS content/ Ductility(5 C)/em Kinematic viscosity

Softening point / Elasticity recovery Penetration

% Before aging After aging (135 C)/(Pa-+s) C (25 CH/% (25 C)/0.1 mm
3.0 44,3 25.3 0.876 45.2 74 71.5
3.5 50. 2 30. 1 1.200 56. 2 76 68.0
4.0 42.6 24.9 1. 400 79.2 80 65.8
4.5 37.8 22.7 1.608 89.6 83 64.0
5.0 36.0 21.7 2.050 90. 8 85 62.5

point, elasticity recovery at 25 C change obviously
with the change of SBS content, penetration,
ductility before or after aging at 5 C do not change
obviously with the change of SBS content, as these
performance indexes are very important to evaluate

[8,15-19]

modified asphalt performance Kinematic

viscosity at 135 C, softening point, elasticity
recovery, penetration, ductility before aging at
5 C are chosen as correlation analysis indexes. In
order to simplify working, ductility after aging at

5 C is not as analysis index.

2 Grey correlation analysis between
SBS content and performance indexes

2.1 Grey correlation analysis method

Gray correlation analysis method derives from the
grey system theory, it measures correlation grades
according to similarity or diversity between
Through

grades between target (reference sequence) and

factors. calculating grey correlation

influence factors ( comparison sequence), main

influence factors are chosen from sorted grey

correlation grades. The comparison between the
sequences in essence is the comparison between the
which is

considered that the nearer the geometry shapes

geometry shapes of sequence curves,

are, the bigger the correlation grades are. Basic

principles are as follows
Reference sequence X, is
Xo = {Xo (D, X, (2. X, ()}
where n1s 5; X, (n) is SBS content; X, (1)-X,(n) are
3.0%, 3.5%, 4.0%, 4.5%, 5.0% respectively.
Comparison sequence X, is
X, = {X: (1), X;(2),-

where i=1,2,-*

X ()}

«wn; X;(1)-X,;(n) are penetration
at 25 'C, softening point, ductility at 5 'C (before
aging), elasticity recovery at 25 C and kinematic
viscosity at 135 C respectively™*,

New reference sequence Y, can be got from

above sequence by an equalization processing, Y, is

Y, =Y, (1).,Y,(2),, Y, (m)} =
X()(l) X()(Z) . X()(n) (1)
X() Xo XO
X, — Xo (D) +X,(2) + -+ X, ()
0 n
New comparison sequence Y, is
Y, ={Y;(D.Y, (2, Y.(n)} =
X (1) X, (2) X:(n)
. TN (2)
X, X, X,
X — X, (D) + X, (2) + -+ X, ()
! n

Correlation coefficient & (&) in time £ (index

and space) between comparison sequence and

reference sequence is
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S,(k):[min min| Y, () —Y, (&) | +¢ max max\Y()(k)—Y,(k)\i/[ Y, () — Y, (k) | +
i k i k
¢ max max‘Yo(/z)—Y,(/\z)@ (3)
i k
where £#=1,2,++,n; {is resolution ratio, it is used viscosity at 135 C.,
to improve the Significance of difference between Tab.4 Equalization sequences of modified asphalt A
correlation coefficients, and is usually taken as Yo 0. 750 0. 875 1..000 1.125 1. 250
0.5; minmin |Y, (k) —Y,(k) | is the minimum D- Y, 1,027 | 1.005 | 0.997 | 0.984 | 0.986
i k
value between two stages (two gradations); Y 0.759 0.909 1.085 1.099 1. 149
max max ‘ Y, (k) —Y. (k) ‘ is the maximum D-value Yy 0. 894 L.165 0.962 1.034 0.945
i k
. Y 0.911 0. 958 0.993 1. 051 1. 086
between two stages (two gradations). : ’
N . . Y; 0.603 0. 838 0. 969 1. 165 1. 424
Grey correlation grade is
1 n Tab.5 Equalization sequences of modified asphalt B
Vi = ;Z;gf(k) S Yo | 0.750 | 0.875 | 1.ooo | 1.125 | 1.250
where y, is grey correlation grade between Y, 1.015 1.008 1. 003 0.989 0. 985
. Y, 0. 823 0. 895 0.936 1.031 1. 315
comparison sequence X; and reference sequence
i , Y 0.970 1.085 0.925 1.066 0. 954
X,. The orders of correlation grades decide the
o . . Y, 0. 906 0.942 0.990 1. 051 1111
significance of influence factors, the bigger the 7y,
Ys 0. 688 0. 805 0.990 1.145 1.373
is, the closer the development tendencies of X, and
) ) Tab. 6 Equalization sequences of modified asphalt C
X, are, the greater the influence of X, on X is.
Y, 0.750 0.875 1. 000 1.125 1. 250
2.2 Analysis between SBS content and performance
Y, 1.077 1.025 0.992 0. 964 0. 942
indexes Y, 0.626 0.778 1.097 1.241 1. 258
From Eqgs. (1), (2), X, and X, are equalized, Y, Y, 1. 050 1190 L olo 0.896 0.853
and Y, are got, the equalization sequence results of Y, 0. 930 0.955 1.005 1.043 1.068
three modified asphalts can be seen in Tabs. 4-6. In Ys 0.614 0. 840 0.981 1.127 1. 437

these tables, Y, is equalized from SBS content,
Yl ’ Y2 ’ Yg ’ Y4 and Y5

penetration at 25 C, softening point, ductility at

are equalized from

5 C (before aging) , elasticity recovery and kinematic

Grey correlation coefficients between performance
modified and SBS

contents can be calculated by Eq. (3), the results

indexes of three asphalts

are shown in Tabs. 7-9.

Tab.7 Grey correlation coefficients between performance indexes of modified asphalt A and SBS contents

i Correlation coefficient & (k) Correlation grade y;
1 0.362 0 0.550 4 1.000 0 0.529 8 0.373 3 0.563 1
2 0.962 8 0.833 8 0.654 7 0.871 1 0.613 4 0.787 2
3 0.524 5 0.351 4 0.816 3 0.638 6 0.339 9 0.534 1
4 0.496 0 0.660 3 0.974 9 0.686 5 0.491 3 0.661 8
5 0.519 2 0.820 6 0.847 4 0.807 8 0.476 3 0.694 2
Tab.8 Grey correlation coefficients between performance indexes of modified asphalt B and SBS contents
i Correlation coefficient & (k) Correlation grade y;
1 0.365 6 0.537 4 1.000 0 0.5317 0.365 6 0.560 1
2 0.683 3 0.898 8 0.712 3 0.624 0 0.708 9 0.725 4
3 0.410 3 0.421 8 0.677 1 0.729 5 0.340 1 0.515 8
4 0.496 7 0.702 3 0.955 7 0.680 2 0.526 1 0.672 2
5 0.719 0 0.692 7 0.955 7 0.898 8 0.557 2 0.764 7
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Tab. 9 Grey correlation coefficients between performance indexes of modified asphalt C and SBS contents
i Correlation coefficient & (k) Correlation grade y;
1 0.3815 0.575 3 0.970 9 0.557 7 0.395 9 0.576 3
2 0.6217 0.678 5 0.678 5 0.637 5 0.970 9 0.717 4
3 0.402 2 0.390 5 0.961 6 0.469 0 0.3367 0.512 0
4 0.529 7 0.719 9 0.985 3 0.714 8 0.526 9 0.695 3
5 0.599 4 0.8587 0.921 8 1.000 0 0.520 1 0. 780 0

In Tab. 7, the order from big to small of
correlation grades for modified asphalt A is v,, 7;,
Yis Yis Vs so the significant influences of SBS
content in turns are softening point, kinematic
viscosity at 135 C, elasticity recovery, penetration,
ductility.

In Tab. 8, the order from big to small of
correlation grades for modified asphalt Bis 7., 7,,
Yo Y1» ¥s» so the significant influences of SBS
content in turns are kinematic viscosity at 135 C,
softening point, elasticity recovery, penetration,
ductility.

In Tab. 9, the order from big to small of
correlation grades for modified asphalt Cis y,, 7, ,
Yis Yis Vs» so the significant influences of SBS
content in turns are kinematic viscosity at 135 C,
softening point, elasticity recovery, penetration,
ductility.

From Tabs. 7-9, it can be seen that softening
points, elasticity recovery and kinematic viscosity
at 135 'C of modified asphalt constantly increase
with the increase of SBS content, and have higher
correlation grades with SBS content, so these
indexes can be chosen as main control indexes to
test SBS content in modified asphalt. At the same
time, there is no obvious change for ductility at

5 C with the of SBS

correlation grade between ductility at 5 'C and SBS

change content, and

content is smaller, so it can not be chosen as main
Asphalt

and penetration decreases

control index. consistency gradually

the

increase of SBS content, when SBS content is more

increases, with
than 4%, the change range of penetration becomes
smaller, and correlation grade between penetration
is not

and SBS content is also smaller, so it

suitable to be chosen as main control index.

3 Test method of SBS content in modified
asphalt

In order to test SBS content in modified asphalt,

three main control indexes such as kinematic

viscosity at 135 ‘C, softening point, elasticity
recovery are chosen from above analysis, and are
used to set up an equation with SBS content. In
the equation, the weights of main control indexes
are got by normalizing grey correlation grades, and
SBS content in modified asphalt can be effectively
determined by using the equation.

3.1 Relationship between SBS content and performance
indexes

In order to test SBS content in modified asphalt A,
an equation is established among SBS content and
softening point, elasticity recovery, kinematic
135 C the

analysis between SBS content and performance

viscosity at through relationship

indexes, the equation is shown as follow
I. = ISP}/Z + IE}/l + Iv)’/s
where ¥, ¥, 7,

5

(5
respectively represent weight
coefficients of softening point, elasticity recovery,
kinematic viscosity at 135 ‘C; I represents SBS
content in modified asphalt; Ig, represents SBS
content which is ensured according to softening
point figure interpolation in two adjacent SBS
SBS content which is

contents; Ip represents

ensured according to elasticity recovery figure
I\/

represents SBS content which is ensured according

interpolation in two adjacent SBS contents;

to kinematic viscosity at 135 ‘C figure interpolation
in two adjacent SBS contents.

According to Tab. 7, grey correlation grades
among SBS content and softening point, elasticity
recovery, kinematic viscosity at 135 ‘C of modified

asphalt A are shown as follows
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Y = Vo5, svs) = {0.787 2,0.661 8,0.694 2} With the same principle, according to Tab. 9,
By the homogenization processing of these grey correlation grades among SBS content and
correlation grades, three weight coefficients such softening point, elasticity recovery, kinematic viscosity

as 0.37, 0.31, 0.32 can be got, so the specific at 135 C of modified asphalt C are shown as follows

expression of Eq. (5) is shown as follow Y = Vs vs) = {0.717 4,0.695 3,0.780 0}
Io = 0.37Ip +0.311; + 0. 321y (6) By the homogenization processing of these
With the same principle, according to Tab. 8, correlation grades, three weight coefficients such
grey correlation grades among SBS content and as 0.32, 0.32, 0.36 can be got, so the specific
softening point, elasticity recovery, kinematic expression of Eq. (5) is shown as follow
viscosity at 135 ‘C of modified asphalt B are shown Io = 0.321¢ +0.32Iz +0.361y (8)
as follows 3.2 Relationship verification
Y, =AYy svs) = {0.725 4,0.672 2,0.764 7} In order to verify the rationalities of Egs. (6)-(8),

By the homogenization processing of these three modified asphalt samples with 4.3% SBS
correlation grades, three weight coefficients such content are produced by using three kinds of base

as 0.34, 0.31, 0.35 can be got, so the specific asphalts A, B, C. The test results of softening

expression of Eq. (5) is shown as follow point, elasticity recovery at 25 C, kinematic
Io = 0.341¢ +0.311; +0.351y 7 viscosity at 135 'C are shown in Tabs. 10-12.
Tab. 10 Verification of SBS content in modified asphalt A
SBS content/ % Verification sample/ %
Performance index Absolute error/ %
4.0 4.5 5.5 4.3 Interpolation SBS content

Softening point/C 84. 4 85.5 89.4 84.5 4.06 0.24
Elasticity recovery/ % 85 90 93 87 4. 20 0. 10
Kinematic viscosity/(Pa « s) 1. 601 1.925 2.353 1. 756 4. 24 0. 06

Tab. 11 Verification of SBS content in modified asphalt B

SBS content/ % Verification sample/ %
Performance index Absolute error/ %
4.0 4.5 5.0 4.3 Interpolation SBS content
Softening point/ C 64.1 70. 6 90. 1 67.6 4.27 0.03
Elasticity recovery/ % 82 87 92 86 4.40 0.10
Kinematic viscosity/(Pa * s) 1.504 1.740 2.087 1. 585 4.18 0.12

Tab. 12 Verification of SBS content in modified asphalt C

SBS content/ % Verification sample/ %
Performance index Absolute error/ %
4.0 4.5 5.0 4.3 Interpolation SBS content
Softening point/ C 79.2 89. 6 90. 8 87.2 4.38 0.08
Elasticity recovery/ % 80 83 85 83 4.50 0. 20
Kinematic viscosity/(Pa ¢ s) 1. 400 1. 608 2.050 1.514 4,27 0.07

To modified asphalt A, according to Tab. 10, so SBS content in verification sample B is 4. 28 %.

SBS content can be calculated by Eq. (6) To modified asphalt C, according to Tab. 12,
Io =0.37 X 4,.06% +0.31 X 4.20% + SBS content can be calculated by Eq. (8)
0.32X4.24% = 4.16% I =0.32X4.38% +0.32 X 4.50% +
so SBS content in verification sample A is 4. 16 %. 0.36 X 4.27% = 4.38%
To modified asphalt B, according to Tab. 11, so SBS content in verification sample C is 4. 38%.
SBS content can be calculated by Eq. (7) Using above equations which are set up
Ic =0.34X4.27% +0.31 X 4.40% + through grey correlation grade analysis, SBS

0.35X4.18% = 4.28% contents in verification samples A, B, C can be
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determined, the results are 4.16%, 4.28%,
4.38% , which have little deviations to actual SBS
content 4. 30%, absolute deviations are all within
0.15%, the results are accurate. Compared with
SBS contents which are determined by single index
such as softening point, elasticity recovery,
kinematic viscosity at 135 C, it shows that latter
result has certain discreteness, this is often due to
the errors of sampling and experimental operation.
So three high correlation indexes are synthesized,
and multiple indexes are used to identify SBS
content instead of a number of dispersed single
index, these can make test results more accurate
and reasonable.

3.3 Application in practical engineering

Cangzhou-Langfang Expressway is about 50 km

long and has six lanes. The upper layer pavement
is modified asphalt concrete with 4.5% design
content of SBS, the total amount of modified
asphalt in the expressway is more than 6 000 t. In
order to ensure the quality and performance of
modified asphalt, and prevent asphalt suppliers to
cut corners, the requirement for SBS content in
modified asphalt is no less than 4.2%. The
method is applied in quantitative detection(testing
once every 500 t) and random check, 16 tests are
carried out in the practical engineering. For every
test, three groups of samples are taken, and
average value is taken as test result. At the same
time, three groups of samples are backuped., when
test results are unqualified, test is repeated for

verification, test results are shown in Tab. 13.

Tab. 13  Test results of SBS content in practical engineering

Number Test result/ % Deviation with design value/ % Number Test result/ % Deviation with design value/ %
1 4,37 —0.13 9 4.42 —0.08
2 4.23 —0.27 10 4.56 0. 06
3 4.09 —0.41 11 4. 40 —0.10
4 4.52 0.02 12 4,36 —0.14
5 4. 43 —0.07 13 4.42 —0.08
6 4.16 —0.34 14 4.28 —0.12
7 4.22 —0.28 15 4.47 —0.03
8 4. 36 —0.14 16 4. 40 —0.10

According to the test results in practical
engineering, the third and sixth test results don’t
meet the requirements because the deviations
between test results and design content are more
than 0. 3%. During the fourth and fifth tests, the
SBS with design content is added under the on-site
supervision of researchers, test results are closer
to design content, this also proves the reliability of
the method. The latter test results all meet the
requirements, so SBS content has been effectively

controlled by using the method.

4 Conclusions

The change of SBS content in modified asphalt has
a certain effect on its main performance indexes.
Through the indoor performance tests of three
modified asphalts and the calculation analysis of

grey correlation grades, it shows that softening

point, elasticity recovery, kinematic viscosity at
135 C constantly increase with the increase of SBS
content, and change rule is obvious, these
performance indexes have higher correlation grades
with SBS content, so they can be taken as main
control indexes to identify SBS content in modified
asphalt. The change rules of penetration and
ductility at 5 C with SBS content are not obvious,
and their correlation grades are lower, so these
performance indexes can not be used to identify
SBS content.

The models among softening point, elasticity
recovery, kinematic viscosity at 135 ‘C and SBS
content can be established, the weight coefficients
of three performance indexes can be got through
the homogenization processing of grey correlation
grades, and the models can be realized to a specific

equation. The method of identifying SBS content
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in modified asphalt is verified to be accurate and
reliable. It can avoid the deviation by using signal
performance index to identify SBS content, and
also can solve the problem that is difficult to

SBS

production process, so it

accurately determine content in modified

asphalt provides a

practical and reliable method for quality control in

modified asphalt production and using.
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