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Gray correlation analysis of asphalt performance and four fractions

CHEN Hua-xin', HE Meng-shuang®, JI Xin-he!', HUANG YU Yang-yang®
(1. School of Materials Science and Engineering, Chang’an University, Xi’an 710061, Shaanxi, China;
2. School of Highway, Chang”’an University, Xi’an 710064, Shaanxi, China)

Abstract: Since the asphalt performance presents different regularities under the influence of its frac-
tions, this paper devoted to the study on the influence of asphalt four fractions on asphalt performance.
The asphalt four fractions test separated asphalt into four components, which had similar chemical prop-
erties and were associated with the road performance, then the performance indexes of different asphalts,
including penetration, softening point, ductility, viscosity and rheological properties were tested. Using
gray correlation analysis method, the influence of asphalt four fractions on asphalt performance was stud-
ied quantitively by calculating the correlation coefficient between asphalt fractions and performance (pen-
etration, softening point, ductility, viscosity and rheological properties). The results show that resins
have the greatest influence on asphalt high-temperature performance and aromatics have the greatest in-
fluence on asphalt low-temperature performance; asphaltenes have the greatest influence on asphalt vis-
cosity performance with aging, the next is resins but saturates and aromatics have less influence. This
conclusion provides reference for predicting the high-and-low temperature performance of asphalt by com-
paring its fractions, and this conclusion and the asphalt properties measured by harmonic method coincide
with the relevance of asphalt four fraction. 10 tabs, 13 refs.

Key words: road engineering; asphalt; performance index; four fraction; gray correlation analysis
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Tab. 1 Performance indexes of different asphalts
Wi Rk EFABE/0. Imm| ik C 10 CZERF/em | 15 CHEFE /em | 120 CHREEF [ 135 CHEEE [150 CHiE|165 CHEEE
ESS090% 90. 4 45.9 69.9 >100 0. 691 0. 280 0.163 0.094
JEREWIE | SK90# 92. 2 46. 2 54.6 >100 0. 900 0.353 0.186 0.104
SK70# 70. 4 47.8 33.2 =100 1.024 0.373 0.223 0.114
RTFOT | ESSO90# 51.9 52.4 46.1 1.173 0.429 0.238 0.119
2z SK90# 49. 6 52.7 43.1 1. 226 0.507 0. 266 0.137
Wi SK70# 39.7 54.6 30. 9 1.402 0.584 0.281 0.154
ESS090# 26. 4 56. 2 9.4 1.828 0.758 0. 382 0.179
PAV %
) SK90# 29.8 60. 8 6.4 2.223 1.010 0. 486 0.227
WETE -
SK70# 21.5 61.6 4.8 2.412 1.177 0.501 0.258
OXf L JEFEWI T JRTFOT/PAV 24k )5 W5 75 14 4t #4 BBREBER
ABE AR s B ] L BE A S AT B A Tab. 4 BBR results
SERE AN A . T AR A 9 U T T B e s c
N . ooy . S/MP: S/MP: S/MPa
Wi Z AL R T R R AR AT AR R RE AR 22 ] IS ol G il N
vy , ESS090% 89.0 | 0.425 | 243 |0.305 | 478 | 0.247
QX TIRAEW#H RTFOT/PAV EAL )G Wi 5 18
R T 076 [ 1 L SKT707 > SK90# 71.6 | 0.406 | 179 |0.313 | 325 |0.274
120.,135.150.165 C g & g Ak . 0
fm 25 > SK70% 98.6 | 0.378 | 244 |0.290 | 403 | 0.236

SK907 >ESSO907 , XJ I+ F . RTFOT/PAV
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() PG 4349 H PG 64-16,
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I~ MB J TFOT 5 B ilh—" =]
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Tab. 2 DSR results of asphalt and RTFOT-asphalt S =S = ESS( {E H E]/J ﬂi i Iﬁ He:
= = SK90% >ESSO90% > SK70% ; i & B PL I 77 M fE -
— /P — /P .
WA |/ C sin(®)’ sin(e)’ 1 ESS0907% >SK707% >SK907 ,
USRI ) (RTFOT ZALE T PG 3205 v E W B A BE 3 GO0 75 1 8 IR
64 1729.0 3691 . . . . . B
Bss0R0° |- T — PP 3 A — B b 5 1 7 ST P R EL R AT B
64 2 476. 0 1 369 AR I = IR R F AT
SK90* 70 1098.0 2131 ORIV E M SRR FE 5,
7 o7 #5 ARBENASSE
64 3 072.0 4194 Tab.5 Fraction contents of different asphalts %
SK707 70 1598.0 2 134
76 555. 1 Wi Fh 2 WER | WA | 5E JiE 5
ESS0O90+# 8.58 12. 86 56.49 22.07
®3 PAVENHS DSRIXWER JEAE
SK90# 11.87 17. 25 44. 39 26.49
Tab.3 DSR results of PAV-asphalt Viik=4
SK707 12. 44 16. 32 44,62 26.62
p———— e . -
LK BE/C G sin(®) /kPa ESS090% | 9.17 | 10.87 | 54.11 | 25.85
25 2676 RTFOT #%
a1 3515 s i SK90# 14.12 16. 03 40. 84 29.01
‘ [ERVINET
ESSO90 # # ;
19 1999 SK70 14. 96 13.65 42. 67 28.72
16 6 618 PAV £ 1k ESS0O90+# 16. 18 11. 84 43.49 28.49
25 3 883 o SK90* 17.58 16. 22 35.35 30. 85
SK90# 21 4 933 SK707 17.94 12. 85 38. 60 30.61
19 6 146 2 N s
- e B2 5 AT AR B 450 W i R A gy + 05
= — At ELA I I 0 4t 5« B U 7
SK70% N NTR o N
19 4 263 () B AT 30 7 BT 3B BT et R A St B s # L T
16 5 453 WA 5 & e W R Pk e, X2l T
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Tab. 6  Correlation coefficients between asphalt

three indexes and four fractions

mooH Wi Wi E | Mgy | 5 &S | KR
ESS090# 0.650 | 0.768 | 0.767 | 0.672
A | SK90* 0.601 0.694 0.718 0.639
SK70# 0.601 | 0.739 | 0.699 | 0.642
ESS090# 0.718 | 0.683 | 0.688 | 0.917
Ak s | SK90# 0.818 0.653 0.625 0.827
SK70# 0.809 | 0.595 | 0.649 | 0.814
ESS090# 0.672 | 0.784 | 0.775 | 0.687
i JiE SK90# 0.654 | 0.761 | 0.780 | 0.695
SK70# 0.679 | 0.792 | 0.812 | 0.735
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Tab.7  Correlation coefficients between asphalt

viscosities and four fractions

i/ C i W | WA | FES | B
ESS090# 0.717 0. 625 0. 631 0.683

120 SK90+ 0.766 0.675 0. 665 0.720
SK707 0.762 0. 643 0.667 0.708
ESS090# 0.739 0. 646 0. 654 0.712

135 SK907 0. 745 0.673 0.667 0.71
SK707 0.725 0. 651 0.667 0.693
ESSO90# 0.767 0. 639 0. 648 0.720

150 SK90# 0. 745 0. 665 0. 658 0.705
SK707 0. 801 0. 655 0. 684 0. 734
ESSO90# 0.904 0. 647 0. 660 0.779

165 SK907 0.781 0. 666 0. 656 0.721
SK707 0.769 0. 641 0. 666 0.710

M2 7 nf DLAS R 4598 #F 120,135,150,
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FORE PR R W W R 5 3% DA TR R e
HIE.
3.3 BEASS PCHREXBEENXESH

THEE I R BT, 3 LR — 2 AR TF AR
Wit VE RS2 509 43 W 7 05 75 76 R D 75
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5505 VU o 0 I R B TR R LT TU gk 8~
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Tab.8  Correlation coefficients between G * /sin(§)

and asphalt four fractions (70 C) Pa
M5y Wi | Ry | 05 By | R
JEREW T 0.784 | 0.765 | 0.622 | 0.809

RTFOT #4b)5 i 0.570 | 0.687 | 0.621 | 0.985

h# 8 \TLAFE .15 70 CHF, e i 4 A [ 3 5
I ZEBE T G /sin(0) B & K (Bl Pa) .,

X} T PO 97 BE L AR SC LA R O Y TR E A

T 7T o S e 2 A
T CMBURSFRERE s T, T, 429

el G . BT X FTRE D L B 25 C
£9 PAVELIFE G sin(5) SMANMXBHRH

Tab.9  Correlation coefficients between G * sin(6)

and four fractions of PAV-asphalt kPa
M5y Wi o L4y 55 &y JBE 5
25 C 0.744 0.756 0. 666 0.714
H 9 Al LIAS . 78 25 C A 0 9 % A W] 9
9% 95 BT G sin(&) 5 Wi 5 K (BT kPa) , Hk
Ry W B BRI R S IB 05 A 43 1Y B e B/
#10 BBRUGEHMBESHASHXEKRAY

Tab. 10 Correlation coefficients between BBR results

and asphalt four fractions

ZH | WEE/C | W | WG | 35 E | R
—6 | 0.832 | 0.753 | 0.844 | 0.799

S —12 | 0.742 | 0.710 | 0.846 | 0.766

—18 | 0.674 | 0.640 | 0.869 | 0.687

—6 | 0.699 | 0.616 | 0.863 | 0.716

m —12 | 0.753 | 0.632 | 0.726 | 0.778

—18 | 0.787 | 0.631 | 0.674 | 0.802
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