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Abstract: In this research, the miscibility of polyvinyl alcohol (PVA) fiber and asphalt under high temperature was 

explored for improving the performances of PVA/asphalt mixture. Our research shows that the PVA fiber can maintain 

its properties after heating at 130 oC, which lays a foundation for the mixing of PVA fiber with asphalt. According to 

this, PVA fibers have been uniformly dispersed in asphalt by an extrusion mixing method at 130 oC. With the addition 

of PVA fiber, the viscosity, shear strength, complex modulus and rutting factor of the asphalt at high temperature. Besides, 

the cumulative strain and non-recoverable creep compliance of the PVA/asphalt mixture decreased with the increase of 

PVA content, which means the PVA/asphalt mixture had a good recovery ability at high temperature. This research pro-

vides a basis for the research on miscibility and performance of PVA/asphalt mixture.

Keywords: road engineering, polyvinyl alcohol fiber, heat resistance, rheology, multiple stress creep recovery.

Introduction

Fiber refers to the material composed of continuous or dis-

continuous filaments. Fiber can be woven into fine thread, 

thread head or hemp rope. Also, fibers can be commonly used 

to manufacture other materials, such as composite materials. 

With the development of fiber manufacturing technology, 

many kinds of fiber, such as polyester fiber, polypropylene 

fiber, polyacrylonitrile fiber etc. have been developed. At pres-

ent, the short fiber (3-12 mm) has been widely used in concrete 

materials. Due to the composite reinforcing and stabilizing 

effect of shortened fiber in concrete, the crack resistance and 

high-temperature durability of modified concrete have been 

significantly improved. Hence, it has become the key field of 

research on highway industry materials in recent years.1-4

Polyvinyl alcohol (PVA) fiber is a kind of synthetic fiber 

which is prepared by high polymerization degree PVA via 

advanced technology. At present, PVA fiber has been suc-

cessfully used in ultra-high toughness cement-based compos-

ites.5 Horikoshi et al.6 added PVA fiber into concrete and 

cement mortar. By comparing the physical properties and 

mechanical properties before and after addition, he showed 

that the PVA fiber can significantly improve the tensile 

strength and impact resistance of composite materials.

Khorami et al.7 found that when the agricultural waste fibers 

such as bagasse fiber, wheat fiber and eucalyptus fiber were 

used as an additive in cement, and the content of additive was 

4%, the flexural properties of cement-based composites had a 

great change. Specially, bagasse fiber was a better modifier 

than wheat fiber and eucalyptus fiber. Ahmed et al.8 mixed 

PVA fiber and steel fiber in cement-based materials and con-

ducted a four-point bending test. The results showed that when 

the contents of PVA fiber and steel fiber were 1% and 1.5%, 

respectively, the fiber-reinforced cement-based composites had 
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the maximum bending tensile strength. Bengi Arisoy et al.9

modified brick wall cement by adding PVA fiber, the shear 

strength of brick walls can be increased by 50%. Yuan et al.10

studied the dispersion degree of PVA fiber in cement mortar by 

entropy analysis of the image texture of PVA fiber. The rela-

tionship between the dispersion degree of PVA fibers and the 

image entropy was obtained.

Many researches were focusing on using fibers to enhance 

the performance of asphalt,11-13 such as glass fiber,14,15 steel 

fiber,16 carbon nanofiber,17 and so forth. However, the research 

on the application of PVA fiber in mixing with asphalt is 

almost blank. The reason is that the heat resistance of PVA 

fiber is poor: PVA will dehydrate and etherify at high tem-

perature, which leads to the materials become brittle and lose 

the mechanical properties. Commonly, due to the high vis-

cosity of asphalt at room temperature, the mixing process of 

asphalt and its additive is always conducted at 120 oC or 

higher. If PVA fiber is selected to modify asphalt, the high tem-

perature might destroy the characterizations of PVA fiber and 

make the modification ineffective. Yet, if the mixing process is 

conducted under a proper temperature, according to the pre-

vious findings, the PVA is expected to largely improve the 

mechanical performance of asphalt matrix.

In this research, in order to improve the mechanical per-

formance of the asphalt, PVA was adopted to mix with asphalt. 

The heat resistance of PVA fiber was firstly evaluated. Then, 

based on the results, the feasibility of using PVA fiber to mix 

with asphalt was explored. PVA/asphalt mixtures were pre-

pared by an extrusion mixing method at a mild temperature 

(130 oC). The performances of resulting PVA/asphalt mixtures 

were studied subsequently. 

Experimental

Materials. Asphalt: 70# petroleum asphalt (Grade A, denoted       

as 70# asphalt) was selected in this research. The basic per-

formances of the asphalt were tested in accordance with the 

JTG E20-2011 method (Standard Test Methods of Bitumen and 

Bituminous Mixtures for Highway Engineering). The main 

results are shown in Table 1.

PVA Fiber: The PVA fiber used in this research is produced          

by Shanghai Kaiyuan Chemical Technology Co., Ltd. (China). 

The length of PVA fiber is ~12 mm. The basic performances 

such as length, diameter, elongation at break, tensile strength 

and density of PVA fiber are estimated according to the JT/T 

533-2020 (Fiber for asphalt pavements) test procedure. 

Results were shown in Table 2.

Besides, tensile strength and thermal shrinkage of PVA fiber 

at 130-170 oC were also measured to estimate the heat resis-

tance of PVA fiber. 

Preparation of the Samples. Preparation of Heated     

PVA Fiber: To further study whether PVA fiber can maintain     

the physical and mechanical properties after heating, PVA fiber 

was divided into single filament with forceps, and then sus-

pended on a hot stage with heat resistance adhesive. Every 

group contains 20 PVA monofilament fibers with a length of 

12 mm. The heating processes are carried out at 130, 140, 150, 

160, and 170 oC respectively for 3 min, to simulate the mix 

process of PVA and asphalt. Then, PVA fibers are tested by 

mechanical properties test, infrared spectrum experiment and 

scanning electron microscope experiment.

Preparation of PVA/Asphalt Mixtures: Since the PVA     

fibers are closely entangled between monofilaments, the tra-

ditional mixing method will lead to the fibers winding on the 

stirring shaft, which will reduce the mixing efficiency and lead 

to uneven distribution of fibers, and thus invalidate the mod-

ification.

An extrusion mixing instrument was used in this research, as 

shown in Figure 1. It is worth noting that a PTFE layer was 

coated on the surface of a stainless-steel drop-shaped extrusion 

head for reducing the stickiness of asphalt. 

During the extrusion mixing process, PVA fiber was added 

Table 1. Basic Performances of 70# Asphalt

Properties Unit
Specification 

limitation
Property 

index

Penetration 
(25 oC, 100 g, 5 s)

0.1 mm 60-80 73

Ductility 
(25 oC, 5 cm/min)

cm ≥100 >134

Softening point oC ≥ 45 51

Flashpoint oC ≥ 260 262

Table 2. Basic Performances of PVA fiber

Properties Unit
Specification 

limitation
Property 

index

Length mm / 12±1

Diameter μm / 15.09±1.2

Elongation at break (ε) % ≤ 40 6.9±0.8

Tensile strength (σ) MPa ≥1500 1840±187

Density (ρ) g/cm3 / 1.29
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constantly. The PVA fiber was pressed into the asphalt matrix 

by the mixing head, as shown in Figure 1(a). At the same time, 

the asphalt under the mixing head was pushed away. At this 

time, PVA fiber finished the distribution in the vertical direc-

tion, as shown in Figure 1(b). When the mixing head was 

pulled out, asphalt would adhesive on the mixing head and be 

pulled up with the upward movement of the mixing head. 

Once the mixing head speed exceeds the flow rate of the 

asphalt, the mixing head will detach from the asphalt. At this 

time, a pit was formed in the asphalt matrix. The surrounding 

asphalt along with the PVA fiber was flowed to the lower part 

of the asphalt matrix. In this way, PVA fibers finished the dis-

tribution in the horizontal direction, as shown in Figure 1(c). 

With the continuous reciprocating longitudinal movement of 

the mixing head and the addition of dispersed fibers in the 

mixing process, uniform mixtures of PVA fibers and asphalt 

can be obtained.

In our research, the PVA fiber contents for mixing with 

asphalt are 1, 2, and 3 wt%, respectively. PVA/asphalt mixtures 

are denoted as PVA-1, PVA-2, PVA-3, and PVA-3T. The num-

ber suggests the content of PVA fiber (wt%), while the T 

means this sample was prepared by traditional mix method (as 

a control group). The mixing temperature was selected as 130 
oC based on the exploring of PVA basic characterizations.

Characterization. FTIR Measurement: Fourier transform    

infrared spectroscopy (FTIR, Nicolet iS 50 FTIR, Thermo 

Fisher Scientific, USA) was adopted to analyze the chemical 

structures of PVA fibers. Transmittance spectra were ranged 

from 400 to 4000 cm-1. For estimating the heat resistance of 

PVA fiber, samples were heated in an oven at room tem-

perature, 130 and 160 oC respectively for 3 min before testing.

Morphology: PVA fiber was heated in an oven at 130 and          

160 oC respectively for 3 min, and then samples were observed 

with a Quanta FEG250 Scanning electronic microscopy (SEM, 

FEI, USA). Samples were coated with a thin film of gold by 

sputtering before testing.

Viscosity Testing: A Brookfield viscometer (DV-II PRO,     

USA) was used to test the viscosities of 70# asphalt, PVA-1, 

PVA-2, PVA-3 and PVA-3T at 110, 135, and 160 oC, respec-

tively according to the JTG E20-2011 method (Standard Test 

Methods of Bitumen and Bituminous Mixtures for Highway 

Engineering).

Cone Penetration Testing: The cone penetration testing in     

our research was carried out as the method in reference.18 The 

cone penetration instrument is shown in Figure 2. In our 

research, the standard pin in cone penetration instrument had 

been replaced by a special-made pin, which has a cone angle 

of 45o and a weight of 175 g.

The depths of cone penetration of samples (70# asphalt, 

PVA-1, PVA-2, PVA-3, and PVA-3T) were tested at 20, 30, 

and 40 oC, respectively. The shearing strength of each sample 

was calculated as the formula (1).19

 (1)

where τ (kPa) is the shearing strength of sample; m (g) is the 

total mass of cone head, connecting rod and weights (175 g in 

our experiment); α (o) is the angle of conehead (45o in our test); 

and d (0.1 mm) is the depth of penetration tested by cone pen-

etration instrument.

Rheological Property Testing: The complex modulus    

(G*), phase angle (δ) and rutting factor (G*/sin δ) of samples 

including PVA-1, PVA-2, PVA-3, PVA-3T and 70# asphalt 

were measured in the temperature range of 58-76 oC according 

to the AASHTO T315-12 (Standard Method of Test for Deter-

mining the Rheological Properties of Asphalt Binder Using a 

Dynamic Shear Rheometer (DSR)).

 = 

981mcos
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Figure 1. The mixing processes: (a) mixing head contact fiber and 

asphalt; (b) mixing head presses the fibers into the asphalt; (c) pull 

out the mixing head.

Figure 2. Cone penetration instrument.
 Polym. Korea, Vol. 47, No. 1, 2023
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In addition, multiple stress creep recovery (MSCR) test was 

carried out according to the AASHTO T350-14 (Standard 

Method of Test for Multiple Stress Creep Recovery (MSCR) 

Test of Asphalt Binder Using a Dynamic Shear Rheometer 

(DSR)). PVA-1, PVA-2, PVA-3, PVA-3T, and 70# asphalt were 

tested. The temperature was fixed at 66 oC in this test. In brief, 

non-recoverable creep compliance (Jnr) of samples were mea-

sured to evaluate the rutting resistance firstly. 10 testing cycles 

were carried out in this measurement. For each cycle, samples 

were loaded by a specified shear stresses (0.1 and 3.2 kPa 

respectively) for a 1-sec loading period, and then unload the 

stress for a 9-sec resting period. The average Jnr values of sam-

ples under 0.1 and 3.2 kPa are denoted as Jnr 0.1 and Jnr 3.2, 

which represents the creep and recovery performance of 

asphalt itself in the process of residual deformation caused by 

repeated loading and unloading. The smaller the Jnr is, the 

stronger the recovery ability of asphalt is after being loaded. Jnr

can be calculated by the formula (2):

 (2)

where 
nr

 (%) is the non-recoverable stain; τ (kPa) is the shear 

stress during testing.

Secondly, the cumulative strain values of samples within 

100 testing cycles were measured to evaluate the creep recov-

ery performances of samples. The specified shear stress was 

0.1 kPa in this process, with a 1-sec loading period and a 9-sec 

resting period per testing cycle.

Results and Discussion

Heat Resistance of PVA Fibers. The tensile strength and        

thermal shrinkage of PVA fiber at 130-170 oC were inves-

tigated to estimate the its heat resistance, as shown in Table 3. 

From the data, PVA fiber can maintain good dimensional sta-

bility and tensile strength at 130-140 oC. However, when the 

temperature rises to 150 and 160 oC, PVA fiber shrinks sig-

nificantly and its tensile strength drops sharply. When the tem-

perature rises to 170 oC, the PVA fiber shrinks to a dot, tensile 

strength test is unavailable to be conducted. That is to say, the 

PVA fiber can maintain its dimensional stability and mechan-

ical properties in a short time (3 min) at 130-140 oC.

Meanwhile, SEM was adopted to explore the morphology of 

PVA fiber after heating. As Figure 3(a), the PVA fiber after 

heating at 130 oC presents a strip-like shape. Boundary 

between each PVA fiber monofilament is clear, and there is no 

melting phenomenon, just like the morphology of untreated 

PVA fiber (not given). After heating at 160 oC, the morphology 

of PVA fiber change obviously. Entanglement and melting 

phenomenon between each monofilament can be clearly 

observed. More importantly, obvious defect structures can be 

seen on PVA fiber surface (Figure 3(d)). This might be the 

dehydration of PVA fiber during heating process.3,20 Hence, the 

microstructure of PVA fiber has been destroyed. As a result, 

high temperature may invalidate the modification.

In addition, the FTIR method was used to measure the 

chemical structures of PVA fibers before and after heating, as 

shown in Figure 4. The FTIR curves of all samples are similar 

at high wave numbers. The band at 3420 cm-1 is the stretching 

vibration of hydroxyl group. While the peak at 2930 cm-1 can 

be ascribed to the stretching vibration of methyl group.21

However, a peak at 1040 cm-1 can be seen on curves of 

heated samples, which becomes more obvious along with the 

raise of heating temperature. As we know, the characteristic 

absorption peak of ether is in the range of 1300-1000 cm-1. 

According to the characteristics of PVA, we believe that the 

dehydration and etherification of PVA were occurred after high 

temperature treatment, and produced ether bond (C-O-C). 

Meanwhile, treatment of the sample at 130 oC will also result 

in dehydration and etherification, but the extent is not too 

much as the sample heated at 160 oC. In addition, the peak at 

1500 cm-1 is attributed to -CH deformation vibration. As the 

heating temperature increases, the vibration at 1500 cm-1 of 

corresponding sample FTIR curve becomes more intense and 

its peak amplitude increases. It suggests the -OH, which is con-

nected with -CH, has suffered dehydration and etherification as 

well. The vibration degree of 1500 cm-1 peak of PVA fiber 

heated at 160 oC is more remarkable than that of PVA fiber 

heated at 130 oC, indicates a more serious dehydration and 

etherification of PVA fiber under higher thermal treatment 

temperature. Combine the SEM and FTIR data above, it may 

lay a foundation for exploring the possibility of mixing PVA 

J
nr

 = 
nr

/

Table 3. Statistics of PVA Shrinkage Data After Heating at 

Giving Temperature for 3 min

Temperature 
(oC)

Average length 
after heating 

(mm)

Shrinking 
percentage

(%)
STDEV

Tensile 
strength 
(MPa)

130 12±1 0 0 1927±8

140 12±1 0 0 1915±6

150 10.7±0.8 10.8 0.59 1570±15

160 3.6±0.5 70.0 8.93 459±12

170 / 100.0 0 /
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fibers and asphalt. Relative low temperature such as 130 oC 

may be a proper condition for the mixing of PVA fibers and 

asphalt. Because at 130 oC, the viscosity of asphalt can be 

reduced for mixing; while the thermal degradation reaction of 

PVA is mild.

Performances of PVA/Asphalt Mixtures. Base on the     

research above, PVA fiber and asphalt were mixed by an extru-

sion mixing method at 130 oC (section 2.2.2). The viscosities 

of mixtures were tested at 110, 135, and 160 oC. The viscosity 

data are shown in Figure 5. The addition of PVA fiber greatly 

confines the flow of asphalt and improves the viscosity of 

asphalt, and more PVA content corresponds to higher mixture 

viscosity. Taking the data obtained at 135 oC as an example, 

compared with 70# asphalt, the viscosities of PVA-1, PVA-2, 

PVA-3, and PVA-3T increases by 23, 51, 100, and 69%, 

respectively. In addition, the viscosity of PVA-3T is different 

from that of PVA-3. This is because the traditional mixing 

method led to a worse dispersion of PVA fibers in asphalt, and 

thus an instable viscosity of the mixture. 

This study also found that if the PVA content continued to 

increase, the fibers would “aggregate” around the rotor during 

the viscosity test,22 resulting in instability of the viscosity 

result. We speculate that with the increase content of PVA 

fibers, the distribution density of fibers in asphalt matrix is not 

Figure 3. SEM images of PVA fiber after heating: (a-b) PVA fiber after heating at 130 oC; (c-d) PVA fiber after heating at 160 oC.

Figure 4. FTIR spectra of untreated PVA fiber and PVA fibers 

heated by different temperatures.
 Polym. Korea, Vol. 47, No. 1, 2023
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uniform, and leading to the entanglement of fibers. This state 

will result in an unstable viscosity result. This is the reason 

why there is no test result of the PVA-3T, and why the content 

of PVA fiber is up to 3% in this research.

Viscosity temperature susceptibility (VTS) can more precisely 

characterize the temperature susceptibility of asphalt during 

heating process, which can be calculated as the formula 

below:23

 (3)

where T1 and T2 are two test temperatures for asphalt viscosity 

(oC). In our experiment, T1 and T2 were selected as 135 oC 110 
oC, respectively.  and  are the viscosities (Pa·s) of sam-

ples at T1 and T2.

The VTS value of all samples are calculated and shown in 

Figure 6. As the results, the introduction of PVA fiber can 

obviously reduce the VTS of asphalt. Even the VTS of PVA-3T 

is lower than that of 70# asphalt. In theory, lower value of VTS 

suggests the viscosity stability of asphalt is better when suf-

fering the change of temperature. The results indicate that the 

addition of PVA fiber makes the asphalt insensitive to tem-

perature. In another word, the PVA/asphalt mixtures have bet-

ter high-temperature stability than that of 70# asphalt. 

Furthermore, shear strengths of asphalt and asphalt mixtures 

with different PVA fiber contents have been characterized by 

cone penetration test at the temperature range of 20-40 oC 

(Table 4), because it is one of the important mechanical prop-

erties of asphalt mixture. High shear strength means that the 

matrix has better resistance to tire extrusion and rubbing.

It can be seen from Table 4 that the shear strength of asphalt 

decreases obviously with the increase of temperature. The 

addition of PVA fiber greatly improves the shear strength of 

asphalt phase at different temperatures and slows down the 

transition trend of matrix from elastic to viscous. The mod-

ification effect of PVA fiber on asphalt is particularly obvious 

at 20 oC. Compared with the shear strength of 70# asphalt, with 

the increase of PVA fiber content, the shear strength of mix-

tures increases by 2.4 times, 6.5 times, 15 times, and 9 times 

respectively. For PVA-3T, although the PVA fiber are not uni-

formly distributed, the shear strength of asphalt matrix has also 

been increased effectively, and the modification effect is 

between PVA-2 and PVA-3. When the temperature rises to 30-

40 oC, the shear strength of mixture decreases rapidly. How-

ever, compared with 70# asphalt, the shear strength of PVA/

asphalt mixture is still significantly improved, indicating that 

PVA fiber has a great effect on the improvement of asphalt 

shear strength.

Furthermore, the rheological property of sample was con-

cerned in this research. The complex modulus (G*) and phase 

angle (δ) of asphalt and PVA/asphalt mixtures had been tested 

VTS = 
lg lgT1 lgT2– 

lg T1 273.13+  lg T2 273.13+ –
----------------------------------------------------------------------------

T1 T2

Figure 5. Viscosity test results.

Figure 6. Viscosity temperature susceptibility results of samples.

Table 4. Cone Penetration Test Results

Samples
Shear strength (kPa)

20 oC 30 oC 40 oC

PVA-1 500.47±21.34 35.91±1.28 7.21±0.32

PVA-2 1082.34±35.15 46.90±2.01 10.02±0.45

PVA-3 2365.19±41.24 82.25±3.42 21.72±0.84

PVA-3T 1454.11±30.87 70.38±3.21 15.96±0.75

70# asphalt 143.63±5.48 20.56±0.97 3.48±0.21
폴리머, 제47권 제1호, 2023년
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and shown in Table 5. With the addition of PVA fiber, the G*

of PVA/asphalt mixture is effectively improved, especially in 

the high temperature range of 64-76 oC. With the increase of 

temperature, the G* of sample decreases continuously. Besides,

although the dispersion of PVA-3T sample is not uniform, its 

G* is still higher than that of 70# asphalt.

Besides, δ represents the phase difference of strain under 

stress, and reflects the proportional relationship between vis-

cous and elastic components of the materials. As Table 5, the 

addition of PVA fiber can effectively reduce the δ of asphalt 

matrix, which means the elasticity of asphalt matrix has been 

efficiently increased. 

In addition, the rutting factor G*/sin δ can represent the abil-

ity of asphalt to resist permanent deformation under repeated 

loading. Hence, rutting factors of samples were estimated to 

evaluate the performances of PVA/asphalt mixtures in this 

research. The results are shown in Figure 7. As the results, the 

rutting factor of sample decreases with the increase of tem-

perature. At the same temperature, higher content of PVA fiber 

corresponds to higher rutting factor of PVA/asphalt mixture. 

Meanwhile, the rutting factor of mixtures decreased slower 

than that of 70# asphalt. That is to say, the addition of PVA 

fiber increases the ability of asphalt to resist rutting defor-

mation under high temperature.

The complex modulus, phase angle and rutting factor rep-

resent the instantaneous characteristics of asphalt at a specific 

temperature. The performances of samples under repeated 

loading and recovery at high temperature should be tested by 

MSCR.24 Non-recoverable creep compliances (Jnr) and cumu-

lative strains of samples were obtained as the method in sec-

tion 2.3.5.

As the data shown in Figure 8, under the shear stress of 0.1 

kPa, Jnr of samples decrease with the increase of PVA fiber 

content. Compared with 70# asphalt, the Jnr of all PVA/asphalt 

mixtures decreased by 28.2, 60.6, 84.0, and 53.9%, respec-

tively, indicating that PVA fiber improved the recovery ability 

of asphalt. When measured under 3.2 kPa shear stress, the Jnr

of asphalt also decreases with the increase of PVA fiber 

content, indicating that PVA fiber significantly increases the 

elasticity of asphalt. As the shear stress increases, the cor-

responding Jnr increases. This is due to the large extent of 

deformation of the sample under high shear stress and the fact 

that the sample has entered the next cycle before it can fully 

recover. 

The cumulative strain of different samples after repeated 

Table 5. Results of Complex Modulus (G*) and Phase Angle 

(δ) of Samples

Samples Property
Testing temperature (oC)

58 64 70 76

PVA-1
G* (Pa) 14652 8643 4135 2300

δ (o) 74.6 78.5 81.6 83.2

PVA-2
G* (Pa) 18623 9234 4865 2765

δ (o) 73.1 78.1 80.6 82.9

PVA-3
G* (Pa) 23462 11632 5381 3103

δ (o) 72.3 77.6 79.6 82.4

PVA-3T
G* (Pa) 19835 9543 4468 2846

δ (o) 73.5 80.1 81.5 83.5

70# asphalt
G* (Pa) 12035 7235 3520 1235

δ (o) 77.2 83.1 85.6 87.6

Figure 7. Results of rutting factors of samples at different tempera-

tures.

Figure 8. Non-recoverable creep compliance of samples under dif-

ferent specified shear stresses.
 Polym. Korea, Vol. 47, No. 1, 2023
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loading for 100 cycles is shown in Figure 9. It can be seen 

from the figure that the cumulative strain of asphalt increases 

gradually with the increase of cycles. The introduction of PVA 

fibers significantly slows the increase degree of cumulative 

strain. Meanwhile, the cumulative strains of all mixtures are 

lower than that of 70# asphalt. After 100 times of cycle, com-

pared with 70# asphalt, the cumulative strains of different PVA/

asphalt mixtures decreased by 21.8, 40.2, 57.1, 49.0%, respec-

tively. It can be seen that the addition of PVA fiber can effec-

tively improve the recovery ability of asphalt.

In conclusion, the addition of PVA fiber essentially changes 

the rheological properties of asphalt matrix, making it has bet-

ter performances at high temperatures, such as better adapt-

ability and reduction of rutting generation. The functions of 

PVA fiber in asphalt matrix can be summarized as the fol-

lowing three points:

(1) Compatibility. PVA fibers are distributed randomly in 

asphalt and form a network structure with asphalt matrix in 

three-dimensional space. The fibers are closely bound to the 

asphalt matrix, and the mechanical interlocking between the 

fibers leads to the asphalt matrix being entirely fixed, thus 

improving the elastic recovery and ductility of the asphalt;

(2) Increasement of viscosity. The addition of PVA fibers in 

asphalt matrix increases the viscosity of asphalt matrix, thus 

confines the flow of asphalt, and further reduces the tem-

perature sensibility of asphalt;

(3) Recovery ability. The addition of PVA fiber increases the 

elastic component of asphalt, which leads to the decrease of 

the accumulated strain value of asphalt, because the fiber limits 

the deformation of asphalt caused by external stress. When the 

external stress disappears, elastic recovery of PVA fibers 

occurs, which makes the asphalt have the tendency to recover 

to its original state and reduces the unrecoverable strain. 

Therefore, the recovery ability of asphalt is improved.

Conclusions

In this research, PVA fiber was used to mix with 70# asphalt 

by an extrusion mixing method at 130 oC. The PVA/asphalt 

mixture with increased performances was obtained. Some con-

clusions have been summarized as below.

1. The performances of PVA fiber decrease very fast after 

heating at 160 oC. Dehydration and etherification reaction will 

occur to PVA. However, PVA fiber can maintain its perfor-

mances and stability after heating at 130 oC, which provides a 

fundament for the mixing of PVA fiber and asphalt.

2. The PVA fiber can be effectively dispersed in asphalt 

matrix by extrusion mixing method. From the tests of vis-

cosity, cone penetration and rheological properties, the per-

formances of the PVA/asphalt mixtures by extrusion mixing 

method are effectively improved compared with those of 70#

asphalt and PVA/asphalt prepared by traditional mixing 

method. Notable the high temperature adaptability, reduction 

of rutting generation, as well as increasement in recovery abil-

ity of asphalt. 
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