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Establishment and Evaluation of Constitutive Model of Recycled
Asphalt at High Temperature Based on MSCR

YIN Peng, PAN Baofeng

(Faculty of Infrastructure Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: The high temperature viscoelastic characteristic parameters of recycled asphalts with different rejuvenator
dosages were determind by multiple stress creep recovery(MSCR) test. And three types of constitutive models were
used to construct the constitutive model for high temperature performance of recycled asphalt. Then combind with
principal component analysis(PCA ) model the constitutive model for high temperature performance studies of recycled
asphalt was evaluated. The results show that the Burgers model and three-parameter solid model exhibit significant
alternating fluctuations in the characteristic parameters when evaluating the high temperature performance of recycled
asphalt, while four-parameter solid model has good stability. PCA model shows that four-parameter solid model has
more significant evaluation effect compared with Burgers model and three-parameter solid model, which verifies the
reliability of using four-parameter solid model to evaluate the high temperature performance of recycled asphalt.
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Table 1 Conventional performance indexes of asphalts

Asphalt Penetration at 25 °C/(0. 1 mm) Ductility at 5 °C/cm Softening point/C
AA 37.2 21 75.4
VA 55.9 37.2 75.8
VA after RTFOT aging 40.4 23 75.4
Technical specification of VA 40-60 =20 =60
Asphalt requirement index after RTFOT or TFOT aging Penetration ratio=65% =15
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Table 2 Performance index of YZSJ-1

Property Testing purpose Performance index value  Suggested value
Kinematic viscosity at 60 °C/(m*+s ") Flow performance and dispersion performance 655 200—-800
Flash point/°C Construction safety performance 242 =220
Viscosity ratio before and after RTFOT/60°C Control the aging resistance of the rejuvenator 2.42 <3
Mass loss rate before and after RTFOT/ % High temperature resistance to volatility —1.4 —4-4
Density/(g+cm ™) Density calculation 0.998
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Table 3 Parameters of asphalts in Burgers model

0.1kPa 3.2 kPa
Asphalt
E,/MPa n/(MPa-s) E,/MPa 7,/(MPa-s) E,/MPa n/(MPa-s) E,/MPa 7,/(MPa-s)

VA 44.066 6 0.5573  2.7335  0.8831 55.496 7 0.430 2 2.1849 0.624 2

AA 137.832 2 0.8369 5.9867  2.1513  3051.8855 0.700 5 23.544 6 2.1735
RA-2 33.4659 0.5578 1.9485  0.7174 69.167 2 0.4700 3.1684 0.8358
RA-4 38.566 8 0.5816  2.4575  0.8469 60. 996 4 0.464 8 3.1322 0.8101

RA-5 141. 096 5 0.3817  2.5047  0.4339 14.834 2 0.0359 0.003 —0.042 4
RA-6 48.9378 0.4088  4.2684  0.8568 2.0293X10°  0.307 1 9.164 9 0.8216
RA-8 63.5552 0.3538 2.987 4 0.6195 8.599 1 0.2782 —5.3246x10"  —3.9811x10"
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Table 4 Parameters of asphalts in three-parameter solid model
0.1kPa 3.2kPa
Asphalt
E,/MPa E,/MPa z,/(MPa-s) E,/MPa E,/MPa z,/(MPa-s)

VA 22.0458 0.166 7 2.314 6 18.422 7 0.1365 2.1679

AA 1.526 8 —3.932 7x 10’ 5.547 3% 10 1.454 5 —2.540 2 10" 6.014 510"

RA-2 18.9130 0.1795 1.954 2 22.466 4 0.1322 2.6372

RA-4 21.020 1 0.1797 2.1550 20.8840 0.1322 2.602 5

RA-5 12.191 6 0.1309 2.0921 5.6037 —0.001 1 —250. 1539

RA-6 17.683 6 0.097 7 3.3818 5.244 5X10% 0.0552 4.9187

RA-8 15.573 8 0.097 0 2.8175 8.469 8 —0.0017 —161.804 9
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Table 5 Parameters of asphalts in four-parameter solid model
Asphalt 0.1kPa 3.2 kPa
E,/MPa 7,/(MPa-s) E,/MPa 7./(MPa-s) E,/MPa 7,/(MPa-s) E,/MPa 7./ (MPa-s)
VA 0.411 62 0.711 46 0.411 62 0.711 46 0.327 90 0.548 79 0.327 90 0.548 79
AA 0. 140 65 0.683 91 28.673 09 2.386 50 24.822 53 2.116 81 0.005 82 0.696 54
RA-2 0.43157 0.642 58 0.43157 0.642 58 0.329 16 0.649 52 0.329 16 0.649 52
RA-4 0.440 55 0.710 49 0.440 55 0.710 49 0.33181 0.638 18 0.33181 0.638 18
RA-5 0.330 34 0.493 05 0.330 34 0.493 05 0.223 67 0.429 13 0.223 67 0.429 13
RA-6 0.269 79 0.607 63 0.269 79 0.607 63 0.110 35 0.542 77 0.110 35 0.542 77
RA-8 0.25111 0.504 57 0.25111 0.504 57 0.15561 0.470 22 0.15561 0.470 22
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Table 6 Calculation results of PCA model

Initial eigenvalue

Extraction of square sum of load

Indicator Characteristic oo COMtribution Cumulative Characteristic rogr | COntribution Cumulative
rate/ % contribution rate/ % rate/ % contribution rate/ %
T, 3.358 55.974 55.974 3.358 55.974 55.974
x, 1.983 33.054 89. 027 1.983 33.054 89. 027
T, 0.394 6.561 95. 589
, 0. 260 4.331 99.920
x5 0. 005 0. 080 100. 000
Z 5.92X10° " 9.87x10 " 100. 000
x7 HEETFER
Table 7 Loading factor matrix
Indicator Principal Principal C()mpor,le,m Seore Comp()r?e,m seore Weight coefficient
component 1 component 2 coefficient 1 coefficient 2
T, 0.911 —0.109 0.271 —0.055 0.283 827 928
z, 0.851 —0.315 0.253 —0.159 0.208 928 215
T, —0.190 0.965 —0.057 0.486 0.189 240 423
2, 0.143 0.911 0.042 0.460 0.289 256 123
a; 0.977 0.169 0.291 0.085 0.379 769 632
; 0.891 0.287 0.265 0.145 0.381 374 434

B3R 7R, 24 E RS AR R, JFL 4k
F,=0.2712,+0.2532,—0.0572,+0.0422,+0.29 1z, +
0.265z;, F,=—0.0552,—0.1592,+0.486x,+0.462,+
0.085x;+0.145z,, PCA i & BB 945 47 R ECF W AR
P A~ T2 AR R I A TRk T AR L B =
0.559 7F,4-0.3305F,=0.133 52,+0.089 12,4-0.128 7x,+
0.175 52,+0.191 0x,+0.196 2, H1 A5 %) o ] DL
1 0.1.3.2 kPa i J3 6 FH 19 DU 2 550 AR A T 5 1
15357 F AR, U6 DU S 80 B AR BAXT T R4 I 1Y
o P BE VAN R SR B A L AN, X 0 B TR 28 o B
AT R G 15 BIRCE R 8, 45 R TR 7. MR 7]
U,0.1.3.2 kPa i J3 45 T 18 DU 2 55 AR R7Y i) AR
FRBUR T UL TSI AR MR FR R 7, DU 2 B ] A AL 7
X F PR I 0 TR R RE AR LA AR PR SR

3 it

(1) BEFE FRAE 4B 5 O 58 I, P A= 0 A0 5 22 1k
S AR A T SR R e T S, P A

R A T 22 A0 00 75 B Zb 5k Be i 2] el 24O |
HLF A FAEAR N, 7 T % A 0 7 00 B sk g 24
3 P R O I A AR T R N T R B
FEAR A G A 3G i A5 20 2 U0 AR Al
AR FRE AW T 1Y T R M s TR fE

(2)Burgers 152 8 B R XF P A U 75 19 A8 I8 1 5 45
S ALAORT B AR R (R AR Y AR U T R b AR b
I A B BRI SHCR I B2 58 B I s i
=S BUFE R B ARAE 0.1 kPa R 230 H A 8 (19 481k
MU (B ETE 3.2 kPa N IS BUR A W M 2L #L
AN 5 VO S B AR R 7E 25 0 ) T & vk e
(S AL 2 S 8O BB PR /S (B A4 o
PP AR R B T S AR DA o AP AR R 2 0
T 1 B i A 52 0

(3)PCA R (T3 45 1 R AL T Burgers 5
R = S 5T PR BT, DY 2 500 A B 7 35 1 X
AR 0 R AR R HEAT VAN, T A B A U
T RE 1 5 B o T fe i 2 7%
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