Supporting Materials
1. Mechanical element models

Four models used in this study are shown in Fig. 1. All models are made up of Hooke springs, Newton dashpots and Abel fractional dashpots. The Abel fractional dashpot is obtained using the fractional differential operator (Dr) defined by Riemann-Liouville to replace the integer operator in the classical Newton dashpot Guo, Du& Li, 2015()
. The constitutive relations can be expressed as equation (1). Equation (2) is obtained by applying Laplasse transform to equation (1). Combined with the definition of complex modulus, it is known from equation (2) that the shear modulus of the Abel fractional dashpot is equation (3).
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where i is the imaginary unit (i2= -1); σ is the stress and η is the viscosity; Dr is the fractional differential operator defined by Riemann-Liouville; 0 <r <1; ω is the angular frequency; and GA* is the shear modulus of the Abel fractional dashpot.
Take Fig. 1(a) as an example, the complex shear modulus of the fractional derivative liquid model is equation (4).
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where G*liquid is the complex shear modulus of the model in Fig. 1(a); E0 is the modulus of the spring and η0 is the viscosity of the dashpot; ω is the angular frequency; i2=-1; ηk is the viscosity of the Abel fractional dashpot; 0 <rk <1.

On this basis, a spring is connected in parallel (Fig. 1(b)) and the complex shear modulus is equation (5).
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where G*solid is the complex shear modulus of the model in Fig. 1(b); Es is the modulus of the new spring that is connected in parallel.

For the Voigt model (Fig. 1(c)), its complex shear modulus is:
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where G*liquid is the complex shear modulus of the model in Fig. 1(c); E0 is the modulus of spring and η0 is the viscosity of dashpot; ω is the angular frequency; i2=-1; ηk is the viscosity of the dashpot that connects with the spring; Ek is the modulus of the spring that connects with the dashpot.

On this basis, a spring is connected in parallel (Fig. 1(d)) and the complex shear modulus is equations (7).
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where G*solid is the complex shear modulus of the model in Fig. 1(d); Es is the modulus of the new spring that is connected in parallel.

For all viscoelastic models, the phase angle can be calculated by equations (8) and (9):
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where G* is the complex shear modulus of all viscoelastic models; G1 is the storage shear modulus and G2 is the loss shear modulus; i2=-1; δ is the phase angle.

2. Materials and methods

2.1 Materials

The asphalt (90#) was purchased from PetroChina Company (Liaoning, China), and the Sasobit was purchased from Sasol Wax Company (Hamburg, Germany). The properties of the Sasobit was listed in Table 1. The properties of the Sasobit-modified asphalt with different contents of Sasobit were measured (Table 2).

2.2 Preparation of the Sasobit-modified asphalt

To prepare the Sasobit-modified asphalt, 500 g of the asphalt was heated to 140 °C and blended with the Sasobit material using a mixer at a rate of 500 rpm for 30 min. Then, the heated modified asphalt was poured into silicon molds with diameters of 8 mm and 25 mm. After cooling to room temperature, the modified asphalt was applied for subsequent experiments.

2.3 Preparation of the G-asphalt
The asphalt was put into the middle of the parallel plate and pressed to the set height. The excess asphalt was cleaned with a scraper. DSR was used to heat the asphalt at 118 ℃ for 15 min Laukkanen et al., 2015()
. After cooled below 50 ℃, the modified asphalt with undamaged wax structure was obtained. The structure exhibited gel asphalt properties and the rheological characteristics were solid. Hereinafter referred to as G-asphalt. The modulus and phase angle were measured at 1% strain, the temperature was 60℃ and the frequency was 10 Hz.

2.4 Preparation of theS- asphalt

After obtaining the asphalt with undamaged wax structure, frequency sweep was performed for 15 min at a frequency of 10 Hz and shear strain of 1 %. Then the frequency sweep was carried out for another 15 min at a frequency of 1 Hz and shear strain of 10 %, which were used to destroy the wax structure in the asphalt. The structure exhibited sol asphalt properties, and the rheological characteristics were liquid. Hereinafter referred to as S-asphalt.

2.5 Frequency sweep

For S-asphalt, the frequency was from 0.1 Hz to 100 Hz, while for G-asphalt, the frequency was from 0.01 Hz to 32 Hz. The test temperatures were set at 0, 10, 20, 30, 40, 46, 52 and 58 ℃, respectively. These conditions ensured that the temperature and frequency overlapped sufficiently and the accuracy of the shift-factor calculation of the master curves. The 0.05 % shear strain was used to ensure no damage for the sample structure and LVE behavior of the asphalt. For the samples below 30 ℃, the silicon mold with a diameter of 8 mm was used, while for the samples above 30 ℃, the silicon mold with a diameter of 25 mm was used. The MATLAB software (MathWorks, America) was used for data analysis. 

2.6 Stress creep

The test stress was set at 3000 Pa and the temperature was set at 40 ℃.
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