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ABSTRACT 

Asphalt mixtures frequently contain a wide variety of components that may interact. When put into 

service, they can be damaged due to several factors such as traffic, loading, and environmental impact. 

Thus, it is necessary to predict or simulate the asphalt mixtures’ damage and performance in service 

utilizing laboratory conditioning protocols and tests. This paper investigates the property measurements 

themselves and how a mixture test can simultaneously assess oxidation and moisture damage. In this study, 

three asphalt mixtures are used with different mixture tests such as Indirect Tensile Tension (IDT), 

Cantabro Mass Loss (CML), and Hamburg Loaded Wheel Tracking (HLWT). Unaged (control) and two 

laboratory conditions were utilized to simulate the performance of the mixture in service. The result 

showed that the laboratory conditioning of the combined effects of oxidation and moisture simulates better 

the asphalt damages in service than laboratory single environment effect conditioning. The CML test is 

recommended for the evaluation and capture of these combined damage effects.  
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I. INTRODUCTION  

Laboratory conditioning is often administered in two ways: 
oxidative degradation by Long-Term Oven Aging (LTOA) and 
moisture damage through hot water conditioning or freeze-
thaw. Authors in [1] acknowledged that little research had been 
done regarding the aging of asphalt mixes. LTOA procedures 
spanning from 2 to 8 days at 85 °C have been recommended 
[1-3]. Consequently, the existing aging regimen (AASHTO 
R30) was devised with 5 days of LTOA at 85 °C, which is a 
routinely applied approach to generate oxidative stress on 
asphalt samples [4-6]. AASHTO T283 [7] and ASTM D4867 
[8] are the most commonly used moisture conditioning 
technologies nowadays. T283 involves vacuum saturating 
compressed samples, undergoing a 16-hour FT cycle before 
being transferred to a 60 °C water bath for 24 ± 1 hours, 
whereas D4867 involves vacuum saturating compressed 
samples immersed in a 60 °C water bath for 24 ± 1 hours and 
can optionally undergo a 15-hour FT cycle. Even though these 
exact techniques are not universally utilized [5, 9], they are 
very commonly used to assess moisture susceptibility [4, 10]. 
The kind of damage caused to compressed asphalt mixture 
samples is the most interesting part of this research. Usually, 
oxidative and moisture conditioning are studied independently 
and are evaluated by different mixture tests such as IDT, APA, 

HLWT, and CML [11-17]. Many researchers do not consider 
the impact of one environment’s effects on the other, 
specifically how prolonged oxidation influences WMA 
resistance to moisture degradation in comparison to HMA. 
Several studies investigated moisture damage resistance with 
the help of AASHTO T283 and/or HLWT test as a role of 
oxidative aging durations, generally produced by LTOA [5, 6, 
10, 11, 18]. 

Authors in [5] used LTOA to produce oxidative stress for 4 
and 8 days at 85 °C and a revamped version of AASHTO T283 
moisture conditioning without integrating the indicated 16-hour 
curing period and 24-hour storage period. They conducted IDT 
tests on both dry and moist samples prior to LTOA as well as 
after 4 and 8 days of LTOA to explore variations between the 
moisture resistance of WMA and HMA with increased 
oxidative damage. As discovered in [5], the preliminary TSR of 
WMA was equal to or superior to that of HMA and grew 
higher with rising LTOA periods for WMA than for HMA. In 
terms of tensile strength values, HMA originally had greater 
dry and moist tensile strength readings. After 4 days of LTOA, 
the authors noted that WMA dry tensile strength neared 
HMA's, which denotes a convergence of values, but after 8 
days, HMA and WMA demonstrated considerable disparities. 
The authors gathered wet tensile strength data and revealed that 
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WMA increased at a higher rate than HMA across the aging 
cycle analyzed by the researchers. Extended LTOA is projected 
to enable WMA's wet tensile strength to surpass that of HMA.  

Authors in [11] evaluated the aged and unaged moisture 
sensitivity of five various WMA combinations made using 
Asphamin, Cecabase, Evotherm, Rediset, and Sasobit. 
AASHTO R30 and T283 were used to generate LTOA and 
moisture conditioning, respectively. The dry and wet tensile 
strengths and TSR values of the mixes following R30 aging 
showed that there was minimal variation between the majority 
of mixtures following LTOA, except the mixture with 
Asphamin [12]. Authors in [13] examined the moisture 
sensitivity of WMAs made with Sasobit, and Evotherm using 
the SC T 70 (24 hours in 60 °C water) benchmark of South 
Carolina. The researchers identified wet and dry tensile values 
of the samples pre- and post-LTOA by using AASHTO R30. 
Prior to LTOA, the researchers noted the greater values of wet 
tensile strengths in HMA and Sasobit in comparison to 
Evotherm. The study showed that LTOA increased the 
moisture damage resistance of Sasobit and Evotherm made 
mixes compared to HMA. Furthermore, the findings revealed 
that SC T 70 enhanced the flow resistance in all mixes. Authors 
in [15] evaluated the performance of asphalt mixtures with 
different additives including Titan 7205, Styrene-Butadiene-
Styrene (SBS) and Crumb Rubber (CR). The unconditioned 
and AASHTO R30 conditioned asphalt mixtures were 
evaluated and tested utilizing Dynamic Shear Rheometer 
(DSR) testing, CML, Tensile Strength Ratio (TSR), and IDT. 
The study concluded that Titan 7205 would be an alternative 
additive to be used with HMA. 

Authors in [6, 19, 20] utilized the combined effects of 
oxidation and moisture to evaluate asphalt mixtures. Moisture 
conditioning was conducted in accordance with AASHTO 
T283 prior to and post various periods of LTOA [6]. The 
Laboratory Mixed Laboratory Compacted (LMLC) samples of 
mixes patterns that had undergone long-term aging for 16 
weeks at 60 °C were examined through dry and wet IDT 
testing. LMLC samples were conditioned and tested by the 
HLWT test and wet and dry IDT. Before performing LTOA, 
the researchers noted that WMA mixes were more moisture 
susceptible than HMA, after aging for 16 weeks at 60 °C or 5 
days at 85 °C. Also, authors in [19] evaluated asphalt mixture 
damages utilizing several laboratory conditioning protocols, 
including single and/or combined environmental effects as well 
as mixture tests at intermediate temperature. CML and binder 
tests correlated with each other. However, neither CML nor 
binder tests did correlate with IDT strength. IDT testing is 
sensitive to oxidation damage and was unable to react to 
laboratory conditioning protocols that considered combined or 
various environmental effects, i.e. oxidation, moisture, and 
freeze-thaw. CML had a good ability to detect various 
environmental effects. In order to evaluate the properties of 
intermediate temperature mixtures in relation to non-load 
related environmental effects, Cantabro testing was 
recommended.  

Hundreds of field-aged and laboratory-conditioned 
specimens in a warm, non-freezing environment with several 
laboratory conditioning protocols, including single and/or 

combined environmental effects as well as different mixture 
and binder tests were evaluated in [20]. Asphalt mixture 
damages in service were investigated and the filed temperature 
and moisture levels in asphalt mixes were tracked over time 
and used in the evaluation. The combined effects utilized in 
this study include 5 days of 85 

o
C oxidation, 14 days of 

immersing in 64 
o
C water, and 1 freeze-thaw cycle. This 

laboratory conditioning procedure can simulate at least 4 years 
of field aging while conventional single-mechanism protocols 
cannot. IDT results of field cores showed that St values increase 
over time until a specific period (around 4 years) and then 
decrease as the influence of moisture starts to damage the 
asphalt mixture. Also, the HLWT value showed that the rut 
depth of field cores decreases until a specific long period 
(around 4 years), and then it begins to increase as the influence 
of moisture starts to damage the asphalt mixture. The CML 
results of field aging showed an increase in ML values over 
time representing that the asphalt mixture deteriorated over 
time in service. The study recommended that the asphalt 
industry needs to be more rigorous when evaluating mixes in 
laboratories and that combined environmental effect 
conditioning should be taken into account when implementing. 

II. MATERIAL AND METHODS 

Table I shows the gradation of a mix design used in this 
study. HMA, termed as M0, is used as the control mix, while 
two WMA additives are used, Sasobit (M1) and Rediest LQ-
1200 (M2). The doses of Sasobit and Rediest LQ-1200 
additives are 1.5% and 0.5% by weight of the binder, 
respectively. During the mixing procedures, the oven was set to 
the approximate plant mixing temperatures of 160 

o
C for the 

HMA and 140 
o
C for the two WMAs. The samples were 

conducted with target air voids (Va) of 7 ± 1% according to 
AASHTO T166. Samples with different sizes were produced as 
required for mixture testing. Different mixture tests were 
utilized including IDT, CML, and HLWT. Also, different 
laboratory conditions were used, including unaged, single, or 
combined effects of oxidation and moisture as described below. 

A. Laboratory Conditioning 

1) Oxidation Conditioning 

Oven condition was conducted according to AASHTO R30. 
After the mixture samples were prepared, they were placed in 
an oven (Figure 1) at a temperature of 85 °C for 120 ± 0.5 
hours. After the conditioning was completed, the oven was 
turned off and the samples were allowed to cool down to room 
temperature. 

2) Combined Effects of Oxidation and Moisture Damage 
Conditioning 

The specimens were initially vacuum saturated to 
approximately 80% of Va according to AASHT T166. They 
were then temporarily stored in room-temperature water until 
they were transferred to a pre-heated water bath at 64 

o
C, as 

shown in Figure 2. The specimens were conditioned in the 
water bath for 14 days and were then allowed to cool to room 
temperature. Finally, the specimens were transferred to the 
oven for oxidation conditioning as described above.  
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TABLE I.  PROPERTIES OF THE TESTED MIXTURES 

Mixture ID M0 M1 M2 

PG 64-10 64-10 64-10 

Bitumen (%) 5.6 5.6 5.6 

WMA None Sasobit Rediset LQ-1200 

Dosage None 1.5 % binder 0.5 % binder 

P25mm (%) 100 100 100 

P19.0mm (%) 100 100 100 

P12.5mm (%) 92.2 92.2 92.2 

P9.5mm (%) 86.8 86.8 86.8 

P4.75mm (%) 57.2 57.2 57.2 

P2.36mm (%) 38.7 38.7 38.7 

P1.18mm (%) 24 24 24 

P0.60mm (%) 15.6 15.6 15.6 

P0.30mm (%) 10 10 10 

P1.5mm (%) 7 7 7 

P0.075mm (%) 5.4 5.4 5.4 

NMAS (mm) 12.5 12.5 12.5 

Gb 1.0 1.0 1.0 

Gsb 2.7 2.7 2.7 

Ps 94.4 94.4 94.4 

Gse 2.8 2.8 2.8 

PG = Performance Graded, WMA = Warm Mix Asphalt, Pxxx = percentage passing a xxx mm 

sieve, NMAS = Nominal Maximum Aggregate Size, Gb = specific gravity of asphalt binder, Gsb 
= bulk specific gravity of aggregates, Ps= aggregate percentage, Gse = effective specific gravity 

of aggregates, DP = dust percentage 

 

 

Fig. 1.  Oxidation conditioning. 

 

Fig. 2.  Moisture conditioning. 

B. Mixture Testing   

1) Cantabro Mass Loss (CML) Testing 

The specimen size used for CML is 150 mm in diameter 
and has a height of 115 mm. The samples were placed in a Los 
Angeles (LA) abrasion drum for 300 rotations at 25 °C without 
spheres ball (Figure 3). The specimen mass was recorded 
before and after testing. The percentage of mass loss was 
calculated by: 

ML =
�����

��

× 100     (1) 

where ML is the percentage of mass loss , m1 is the specimen's 
mass before testing, and m2 the specimen's mass after testing. 

 

 

Fig. 3.  CML equipment. 

2) Testing Indirect Tensile (IDT) Testing 

IDT test was conducted on specimens’ with 150 mm 
diameter and 95 mm height. The test processor is according to 
AASHTO T283, where specimens were loaded at 50 mm/min 
until they failed at 25 °C (Figure 4). Equation (2) was used to 
determine tensile strength (St):  

S
 =
���×����

�×
×�
     (2) 

where Pmax is maximum load (N), t is the specimen's thickness 
(mm), and D is the specimen's diameter (mm). 

 

 

Fig. 4.  IDT equipment. 

3) Hamburg Loaded Wheel Tracking (HLWT) Testing 

HLWT was conducted according to AASHTO T324 
standards (Figure 5). The specimens' size used for HLWT was 
150 mm diameter by 63 mm height. HLWT was performed at 
20,000 passes (or failure at 12.5 mm rut depth). Rut depth 
(RDHLWT) measurements were taken at 5000, 10000, 15000, 
and 20000 passes. The key finding of the current study was 
RDHLWT at 20,000 passes or fails. The samples were immersed 
in water at 50 °C for 30 ± 1 minutes before and during testing. 
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Fig. 5.  HLWT equipment. 

III. TEST RESULTS AND DISCUSSION 

Table II summarizes the testing results for mixture tests. 
The values for a given test method of CML or IDT represent an 
average of 3 samples (Table II). In HLWT tests, 2 specimens 
were used (referred to as a set) to represent 1 test value, while 
an average of 3 sets were used to represent the test value in 
Table II. HLWT was performed at 20,000 passes or failure at 
12.5 mm rut depth, where the pass number at which failure was 
reached is reported. Rut depth of HLWT (RDHLWT) 
measurements were made at 5000, 10000, 15000, and 20000 
passes. 

TABLE II.  MIXTURE TESTS RESULTS. 

Conditi

oning 
Mix 

CML 

ML (%) 

IDT 

St (kPa) 

HLWT 

5K 10K 15K 20K P12.5 

LC0 

M0 6.1 1415 2.55 6.50 10.62 ---1 16462 

M1 7.6 1602 2.26 4.12 6.42 ---1 19492 

M2 6.4 1757 3.85 4.11 8.63 ---1 14928 

LC1 

M0 7.3 1711 1.29 2.38 3.39 4.61 ---2 

M1 11.1 1835 1.44 4.68 5.60 7.25 ---2 

M2 8.1 2115 1.45 4.13 7.13 ---1 18816 

LC2 

M0 11.6 1073 6.10 10.4 ---1 ---1 12693 

M1 13.1 995 2.57 3.23 7.19 ---1 17435 

M2 10.4 1174 7.26 ---1 ---1 ---1 9647 

LC0 = unaged, LC1 = oxidation, LC2 = combination of oxidation and moisture, ---1test reached 
rut depth of 12.5 mm before 20K passes, ---2 test reached 20k passes. 

 

IV. CONDITIONING EFFECTS 

Figure 6 illustrates the comparison between the 
unconditioned control (LC0), and the two-LC (oxidation and 
combined effects) conditioning. For instance, each point in 
Figure 6 represents 2 CML test specimens, 1 of which was 
examined before conditioning (LC0), and the other after 
conditioning (LC1). HLWT test results are represented by the 
ratio between the depth and the number of passes. The ratio is 
calculated by dividing the rut depth value by the number of 
passes. Figure 6 illustrates that if the values are above the 
equality line in the equality plots, this case indicates higher 
values measured after conditioning. Values below the equality 
line in the equality plots indicate lower values measured after 
conditioning, and values on the equality line in the equality 
plots indicate no property change as a result of conditioning. 

Authors in [19] showed that in an oxidation-dominated 
environment damage, both ML and St values would rise. 
Moisture and/or freeze-thaw dominated environment would 

result in an increase in ML but a decrease in St or no change at 
all. Combined environment (oxidation-moisture and/or freeze-
thaw) damage might result in the two damage processes 
canceling each other for St or increasing the ML value as a 
result of the severity of the condition. Authors in [20] showed 
that the St values of field cores increase over time until a 
specific period (around 4 years) and then decrease as the 
influence of moisture damage [20]. The HLWT test showed 
that the rut depth of the field cores decreases until a specific 
period (around 4 years) and then it begins to increase as a result 
of moisture damage. The ML values of field aging increased 
over time representing that the asphalt mixture deteriorated 
over time in service. 

 

 

  

Fig. 6.  Conditioning effects. 

Figure 6(a)-(b) shows that the ML values are above the 
equality line. The slope in Figure 6(b) is higher than the one in 
Figure 6(a) as the severity of laboratory conditioning increases. 
The St values are shown in Figures 6(c) and (d). They are above 
the equality line for oxidation damage effects (Figure 6(c)). In 
contrast, the St values are below the equality line in the 
combined environment effects (Figure 6(d)) in accordance with 
the findings in [15, 16]. The HLWT results in Figure 6(e)-(f) 
showed rut depth value below the equality line for oxidation 
damage, but above the equality line for combined environment 
damages, in accordance with [16]. The laboratory testing 
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results represented in Figure 6 confirm previous laboratory and 
field studies. The combined environment effects condition is 
more severe than single environment effects (i.e. oxidation or 
moisture). The effects of oxidation would damage the asphalt 
mixture in the early life cycle while moisture would influence 
the asphalt mixture in the long term. 

V. CONCLUSIONS  

This paper investigates the property measurements 
themselves and how a mixture test can simultaneously assess 
multiple types of damage, such as damage from oxidation and 
moisture. The laboratory results demonstrated in this study 
confirm other laboratory and field studies. The study concluded 
that laboratory conditioning of the combined effects of 
oxidation and moisture simulates better the asphalt damage in 
service than laboratory single environment effect conditioning. 
To predict or simulate the asphalt mixture damages and 
performance in service utilizing laboratory combined 
environment effects conditioning protocols, CML tests would 
be recommended to evaluate and capture these combined 
environment effects damage.  

ACKNOWLEDGMENT 

Pan Kingdom Real Estate Sapak produced the mixtures. 
Nouryon provided warm mix additive materials. Saudi Arabia 
Ministry of Transport and Logistic Services facilitated the 
process of conducting laboratory experiments. Individuals 
deserving special thanks include Al-Abbas bin Ahmed Al-
Hazmi, Ayman Al-Howitan, Motaz Bashiti, and Hassan Al 
Naqib.  

REFERENCES 

[1] C. A. Bell, "Summary Report on Aging of Asphalt-Aggregate Systems," 
Oregon State University, Corvallis, OR, USA, Summary Report SR-
OSU-A-003A-89-2, 1989. 

[2] C. A. Bell, Y. AbWahab, M. E. Cristi, and D. Sosnovske, "Selection of 
Laboratory Aging Procedures for Asphalt-Aggregate Mixtures," 
National Research Council, Washington, DC, USA, SHRP-A-383, 1994. 

[3] C. A. Bell, A. J. Wieder, and M. J. Fellin, "Laboratory Aging of Asphalt-
Aggregate Mixtures: Field Validation," National Research Council, 
Washington, DC, USA, SHRP-A-390, 1994. 

[4] L. Garcia Cucalon, E. Kassem, D. N. Little, and E. Masad, 
"Fundamental evaluation of moisture damage in warm-mix asphalts," 
Road Materials and Pavement Design, vol. 18, no. sup1, pp. 258–283, 
Jan. 2017, https://doi.org/10.1080/14680629.2016.1266765. 

[5] S. D. Diefenderfer and A. Hearon, "Laboratory evaluation of a warm 
asphalt technology for use in Virginia.," Virginia Transportation 
Research Council, Charlottesville, VA, USA, FHWA/VTRC 09-R11, 
2008. 

[6] F. Yin, L. G. Cucalon, A. E. Martin, E. Arambula, and E. S. Park, 
"Performance Evolution of Hot-Mix and Warm-Mix Asphalt with Field 
and Laboratory Aging," in 89th Association of Asphalt Paving 
Technologists’ Annual MeetingAssociation of Asphalt Paving 
Technologists (AAPT), Atlanta, GA, USA, 2014. 

[7] R. P. Lottman, "Predicting moisture-induced damage to asphaltic 
concrete: field evaluation," Transportation Research Board, National 
Research Council, Washington, DC, USA, National Cooperative 
Highway Research Program Report 246, 1982. 

[8] D. Tunnicliff, and R. Root, "Use of antistripping additives in asphaltic 
concrete mixtures," Transportation Research Board, National Research 
Council, Washington, DC, USA, National Cooperative Highway 
Research Program Report 274, 1984. 

[9] H. Malladi, D. Ayyala, A. A. Tayebali, and N. P. Khosla, "Laboratory 
Evaluation of Warm-Mix Asphalt Mixtures for Moisture and Rutting 
Susceptibility," Journal of Materials in Civil Engineering, vol. 27, no. 5, 
May 2015, Art. no. 04014162, https://doi.org/10.1061/(ASCE)MT.1943-
5533.0001121. 

[10] F. Xiao, W. Zhao, and S. Amirkhanian, "Laboratory Evaluation of 
Effects of Soaked Duration on Moisture Susceptibility of Warm Mix 
Asphalt Mix," in First Congress of Transportation and Development 
Institute (TDI), Mar. 2011, pp. 472–481, https://doi.org/10.1061/ 
41167(398)46. 

[11] F. Xiao, V. S. Punith, S. N. Amirkhanian, and C. Thodesen, "Improved 
Resistance of Long-Term Aged Warm-Mix Asphalt to Moisture Damage 
Containing Moist Aggregates," Journal of Materials in Civil 
Engineering, vol. 25, no. 7, pp. 913–922, Jul. 2013, https://doi.org/10. 
1061/(ASCE)MT.1943-5533.0000567. 

[12] F. Xiao, S. N. Amirkhanian, and B. J. Putman, "Evaluation of Rutting 
Resistance in Warm-Mix Asphalts Containing Moist Aggregate," 
Transportation Research Record, vol. 2180, no. 1, pp. 75–84, Jan. 2010, 
https://doi.org/10.3141/2180-09. 

[13] F. Xiao, P. V. Shivaprasad, and S. N. Amirkhanian, "Low-Volume Road 
WMA Mixtures: Moisture Susceptibility of Mixtures Containing Coal 
Ash and Roofing Shingle with Moist Aggregate," Journal of Materials 
in Civil Engineering, vol. 24, no. 1, pp. 48–56, Jan. 2012, 
https://doi.org/10.1061/(ASCE)MT.1943-5533.0000358. 

[14] S. H. Arif, N. M. Abdulah, T. A. Mohsin, and V. A. Musa, "Additives 
Influence on the Properties of Asphalt Binders: A Case Study," 
Engineering, Technology & Applied Science Research, vol. 13, no. 2, 
pp. 10565–10570, Apr. 2023, https://doi.org/10.48084/etasr.5789. 

[15] H. M. Alnaqib and R. W. Bazuhair, "Evaluation of HMA Modified with 
Titan Polymer," Engineering, Technology & Applied Science Research, 
vol. 13, no. 3, pp. 10725–10730, 2023, https://doi.org/10.48084/ 
etasr.5856. 

[16] H. M. A. A. Kareem and A. H. K. Albayati, "The Possibility of 
Minimizing Rutting Distress in Asphalt Concrete Wearing Course," 
Engineering, Technology & Applied Science Research, vol. 12, no. 1, 
pp. 8063–8074, Feb. 2022, https://doi.org/10.48084/etasr.4669. 

[17] S. S. Almasoudi and A. H. K. Albayati, "Statistical Analysis of 
Component Deviation from Job Mix Formula in Hot Mix Asphalt," 
Engineering, Technology & Applied Science Research, vol. 12, no. 5, 
pp. 9295–9301, Oct. 2022, https://doi.org/10.48084/etasr.5225. 

[18] L. G. Cucalon, F. Yin, A. E. Martin, E. Arambula, C. Estakhri, and E. S. 
Park, "Evaluation of Moisture Susceptibility Minimization Strategies for 
Warm-Mix Asphalt: Case Study," Journal of Materials in Civil 
Engineering, vol. 28, no. 2, Feb. 2016, Art. no. 05015002, 
https://doi.org/10.1061/(ASCE)MT.1943-5533.0001383. 

[19] R. W. Bazuhair, C. V. Pittman, I. L. Howard, W. S. Jordan, J. M. 
Hemsley, and G. L. Baumgardner, "Conditioning and Testing Protocol 
Combinations to Detect Asphalt Mixture Damage," Transportation 
Research Record, vol. 2672, no. 28, pp. 10–21, Dec. 2018, 
https://doi.org/10.1177/0361198118756631. 

[20] R. W. Bazuhair, I. L. Howard, A. Middleton, W. S. Jordan, and B. C. 
Cox, "Combined Effects of Oxidation, Moisture, and Freeze–Thaw on 
Asphalt Mixtures," Transportation Research Record, vol. 2674, no. 12, 
pp. 409–424, Dec. 2020, https://doi.org/10.1177/0361198120954190. 

 


