o527 B 8 B2 Of oM B F R Vol. 27,No. 8
2024 4F 8 H JOURNAL OF BUILDING MATERIALS Aug. , 2024

XEHS:1007-9629(2024)08-0711-09

BEhEEREEHNNEESHFHERMBERIA

F o, Zae’, $EA, 5 B, ABE
(1. Bl T SR AT BRA R L 7R Bhill 5280005 2. K% k2 A BE22BE BV P5% 710064)

BEATHARECHDEBEZ I HROUFIHIESHT MET -4 HED AT RS MG
MR AR L GFRB T RIEL LR AN BAN BTG EgG 76 L5 £ F R R T
BAEBFREMEZ AT G LAETHMR TR THAATHELEERIBLARN LR SR E
AR RS, B A RS R G AR T IR R L A28 A AR5 A AR A X
Tsem REE" AR B X T (R ARG E AN ), B2 WA 69 5658 M M AR P AR
AEBMWR, ERFAESNGEEAERE S ;ML B 5 X RAARN, BEBFREHHGR..E N,
KPR AR A FANF A RIFNA R R AR AR T AR K

RES S U416 SHRFRAERD A doi:10.3969/j.issn.1007-9629.2024.08.006

Tensile and Compressive Fatigue Characteristics and Viscoelastic
Characterization of Reclaimed Asphalt Mixture
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2. School of Highway, Chang’an University, Xi’an 710064, China)

Abstract: Based on the mathematical characteristic analysis of the dynamic modulus principal curve of asphalt
mixture, the viscoelastic evaluation system of reclaimed asphalt mixture was established , and the physical parameters
of viscoelastic behavior were also proposed. The viscoelastic difference between tensile and compressive directions
was compared, the fatigue characteristics of reclaimed asphalt mixture in tensile and compressive direction were
studied, and the relationship between fatigue properties and viscoelastic physical properties was established. The
results show that, compared with the new asphalt mixture, the reclaimed asphalt mixture is elastic rather that
viscoelastic, but it is effective viscoelastic enough under compression mode, and elastic rather that viscoelastic under
tensile mode. Under the same loading mode (whether compressive or tensile) , only the viscoelastic physical property
parameter R, has a high linear correlation with fatigue life N;. When the loading mode is different, the linear
relationship between R.,. and N; can not be established.
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Table 1 Technical indexes of matrix asphalt
Index Test result Technical requirement Test standard
Penetration(25 °C)/(0. 1 mm) 66 60—80 T 0604
Softening point/C 47.5 =46 T 0606
Ductility(10 ‘C)/cm 32.0 =15 T 0605
Mass change/ % 0.05 <£0.8 T 0609
After TEOT Ductility(10 °C)/cm 7.5 =6 T 0605
15 °C ductility(15 °C)/cm 28 T 0605
Needle penetration ratio(25 °C)/ % 69 =61 T 0604

x2 HEBHEARER

Table 2 Technical index of old asphalt

Index Test result Test standard
Penetration(25 ‘C)/(0. 1 mm) 16.2 T 0604
Softening point/“C 70.6 T 0606
Brinell viscosity(135 °C)/( Pa-s) 2.95 T 0620
K3 ACBEBERHEREHMNBRASH
Table 3 Technical parameters of AC-25 reclaimed asphalt mixture
L . Relative density o
No. (();Hmne )r/dut/‘o VV/% VMA/% VEA/% Ni)d.lrfs}lji\] IFIO/W
Y mass);zo Theoretical Measured stability /K! vauesmm
R-0 3.8 2. 580 2. 560 4.1 12.7 66. 1 10.12 2.81
R-30 3.8 2.568 2.538 3.6 12.6 69.1 12.33 2.30
R-45 3.8 2.555 2.533 3.6 12.3 67.7 21.03 3.04
R-60 3.8 2.548 2.528 4.5 12.7 64.6 16.78 2.99

Note: VV—Void volume; VMA—Void in mineral aggregate; VFA—Void filled with asphalt.
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Table 4 List of test methods

Test method Temperature/C Strain level/(pm-m ') Waveform Test standard
Direct compression 20 100 Haversine User-defined
Direct tension 20 100/125/150/175 Haversine AASHTO TP107
Indirect tension 15 Variable Intermittent haversine EN 12697-24
Four-point bending 15 100/150/200 Haversine AASHTO T321-07
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Fig. 1 Compressive and tensile dynamic modulus master curves of reclaimed asphalt mixtures
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Table 5 Fitting results of each parameter of dynamic modulus master curves of reclaimed asphalt mixtures

Load method No. 0 a s y
R-0 0.589 1 2.948 4 —1.1080 0.6752
R-30 1.4418 2.0980 —1.8810 0.7189
Compression
R-45 2.090 2 1.4509 —1.6005 0.799 3
R-60 2.0716 1.1651 —1.7299 0.7037
R-0 —0.1115 3.6490 —1.2726 0.6394
R-30 —8.6119 12.149 4 —3.366 1 0.4739
Tension
R-45 —0.397 1 3.9346 —2.2676 0.474 1
R-60 —1.724 1 5.2616 —2.706 6 0.426 3

Note:d,a, and y are all regression coefficients; & represents the minimum value of dynamic modulus; 6+ a represents the maximum value of

dynamic modulus.
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Table 6 Index values of compressive dynamic modulus master curve

Time-based indicator

Interval-type indicator

Ratio-based indicator

No.

le Lo L W Ween W R, R R
R-0 —1.2915 —0.3095 1.6410 0.982 1.951 2.933 0.558 0.706 0.335
R-30 —0.1792 0.784 6 2.616 5 0.964 1.832 2.796 0.633 0.759 0. 345
R-45 —0.6114 0.454 7 2.002 4 1. 066 1.548 2.614 0.627 0.779 0. 408
R-60 —0.3837 0.696 8 2.458 3 1. 081 1.762 2.842 0.619 0.764 0. 380
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Table 7 Index values of tensile dynamic modulus master curve
Time-based indicator Interval-type indicator Ratio-based indicator

No.

[ 8 L. erq Wi W.. K. R R...
R-0 —1.1677 —0.069 4 1.990 0 1.098 2. 060 3.158 0.548 0.705 0. 348
R-30 2.807 3 4.3240 7.1030 1.517 2.779 4.296 0. 645 0.770 0.353
R-45 0.5989 2.005 2 4.7830 1.406 2.778 4.184 0.572 0.716 0.336
R-60 1.7103 3.2598 6.3490 1.550 3.089 4.639 0.591 0.728 0.334
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Table 8 Direct compressive fatigue test results

No. Number N//times

N//times

Standard deviation/times Coefficient of variation/ %

682120
586 240
751 570

R-0

673 310

83016 12

751 230
885420
1054 180

896 940

151 803 17
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Fig. 3 Relationship of direct tensile fatigue life vs.

strain of reclaimed asphalt mixtures
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Table 9 Comparison of direct compression and direct tension

fatigue life of reclaimed asphalt mixtures

N,/times

Compressive-tensile

e Direct compression  Direct tension fatigue life ratio

R-0 673 310 249 270 3.90

R-30 896 940 80 670 11.12

R-45 1165 880 10010 100. 90

R-60 961 720 58 680 16.40
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