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Abstract: The dynamic shear rheometer(DSR) was used to carry out low-temperature shear relaxation tests on
different asphalt binders, and the shear relaxation modulus were obtained. The analytical solution and Matlab solution
of creep compliance were obtained, and then the stiffness modulus(S,,..) and modulus change rate (m,,, ) were back
calculated. The bending beam rheometer(BBR) was used to measure the low temperature stiffness modulus(S)
and modulus change rate (m) of different asphalt binders, and the back calculated results of S,.., and m,,, were
verified. The results show that the stiffness modulus calculated by Matlab is different from the intuitive expression
of analytical solution, but the magnitude is almost the same. There is a stable proportional relationship between the
Siear Of the same asphalt binders and the measured S value by BBR, and the proportional coefficient is about 4.5.
The results show that there is a positive correlation between the measured results of BBR and the values of S, and

Mg Of different asphalt binders at 60 s, and the coefficients are about 4.5 and 1.1 respectively. From the Kendall
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rank correlation coefficient, the back calculated results of different asphalt binders are in good agreement with the

measured results, so it is feasible to inverse the low temperature stiffness of asphalt through low temperature shear

relaxation test.

Key words: stiffness modulus; shear relaxation test; modified asphalt; back calculation
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Fig. 1 Relaxation stress of JB-70%-7 % asphalt under
different loading strains
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Table 1 Fitting results of measured shear relaxation modulus of asphalts

Asphalt E,/kPa E,/kPa E,/kPa n./kPa 7./kPa R’

PI-90#A 2192 5565 14 520 688 200 118 300 0.99
PJ-90#A-2% 2753 6793 15 860 941 000 148 500 0.99
PJ-90#A-4% 4291 9 360 16 930 144 800 194 000 0.99
PJ-905#A-7% 6273 10 970 17 450 1 864 000 237 500 0.99

PJ-90#B 2543 7823 17 810 1 068 000 169 800 0.99
PJ-90£#B-2% 3940 21780 9659 252 000 1477 000 0.99
PJ-90£#B-4% 4831 21990 10 950 278 100 1777 000 0.99
PJ-90£#B-7% 6447 22 300 12 440 314 700 2137 000 0.99

IB-70= 4270 28 670 13 020 410900 2158 000 0.99
IB-704-2% 5960 28 630 13 960 444 600 2445000 0.99
IB-705-4% 6 335 29 000 15160 445 000 2741 000 0.99
IB-90%B-7% 9302 28 860 17 300 561 400 3559 000 0.99

SBS-I-D 2896 9468 22 310 1379 000 250 000 0.99
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Table 2 Sequence of stiffness modulus and its change rate of

asphalts
Asphalt Sohear S M genr m
PJ-90=A 1 1 10 11
PJ-90ZA-2% 2 2 8 9
PJ-90%A-4% 5 3 4 5
PJ-90%A-7% 8 8 1 1
PJ-90£#B 3 4 11 12
PJ-90#B-2% 6 6 9 8
PJ-90#B-4% 7 7 6 6
PJ-90£B-7% 10 9 3 2
IB-70# 9 10 12 10
JB-705-2% 1 11 7 7
IB-70%-4% 12 12 5 4
IB-70%-7% 13 13 2 3
SBS-I-D 4 5 13 13
Kendall 0.923 1 0.8718
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Fig. 7 Measured and back calculated stiffness modulus
change rate of different asphalts at 60 s

PIIE 35 2 FOAELXS o FEATAG T B — 38 BB /N B R
HEATHET 45 By T 2. h % 2 0] I, H Kendall B:4R
FKRHBGR0.871 8, U] 3 i — B

3 #ig

(1) fift A7 fifk A1 Matlab fif 1X 2 Bl £ B 45 45t S 38 5
ER B AR IS5 R IR 2 7RI 10 ° MPa
RN, ATIA Dy A B A A 2R — B0 o A
Matlab F #2 f5CH7 2 437 1y 30 72 46 Sf S 38 45 2 I 7 19 20
JERL L 48 5 AR SR A B g 1) S 2 R A

(2) i 78 &y J3E A a5t 5 50 2y B2 A6 i 2 3R
P2, H T Z AR R E W LG &, LU (E R
YME LYy 4.5, 3% n] B i T 3 A5 5 U A2 3T )AL
st 35X 56 S e A 5 DD A i S 2R O AR S 0 O
PN T EL

(3)ANIA] 1 75 60 s i 114 Sz 38 2 B A5 4 5 BBR 5%
) 2 JEE A A FL AT B Y LM S R L LB R A A 4.5
FE A, B RE AL A Al A ST 2 2R 5 S A5 R 1Y LE 4
AR 1.1 N Kendall BRAHC REORF , FL i 45 R S
SMEE R BA R — Uk

(4) i TA7 BRI B, o JoE 5l AR i S ) 3y
Pt S AR AL AR 1 HL R O o T3 2 AR Ui T
Rt — P IE , AR R 26 A 1 S St — AP T

S & Uk :

[1] YU R, FANG C Q, LIU P, et al. Storage stability and
rheological properties of asphalt modified with waste packaging
polyethylene and organic montmorillonite [J]. Applied Clay
Science, 2015, 104:1-7.

[2] QIAN C D, FAN W Y. Evaluation and characterization of
properties of crumb rubber/SBS modified asphalt[J]. Materials
Chemistry and Physics, 2020,253:123319.

[3] XUOM, LIMY, HOU D H, et al. Engineering and rheological
properties of asphalt binders modified with microwave
preprocessed GTR [J]. Construction and Building Materials,
2020,256:562-569.

[4] WANG T, XIAOF P, AMIRKHANIAN S, et al. A review on
low temperature performances of rubberized asphalt materials[J].
Construction and Building Materials, 2017,145:483-505.

[5] RYS D, JACZEWSKI M, PSZCZOLA M, et al. Effect of
bitumen characteristics obtained according to EN and Superpave
specifications on asphalt mixture performance in low-temperature
laboratory tests[J]. Construction and Building Materials, 2020,
231:117156.

[6] FR, E75E, 2. 5T AL RG22 R0k o I 75 11T
HPERELT]. S A BRI, 2017, 34(2) :322-328.

(T# % 313m)



