Proceedings of International Conference on Civil Engineering Research & Innovations, 12 - 14 December 2025,
Rajshahi University of Engineering & Technology, Rajshahi, Bangladesh

Paper ID: 216
Evaluation of Low Temperature Rheological Properties of GTR and
TOR modified Asphalt binders using Bending Beam Rheometer (BBR)
A. Islam!, A. Gifari?, M. S. Alim®

!Department of Civil Engineering and Construction, Georgia Southern University, Stateshoro, GA 30458, USA
(ai02681@georgiasouthern.edu)
2Department of Civil and Environmental Engineering, SUST, Sylhet-3114, Bangladesh (abujar.gifari.cee@gmail.com)
3Department of Civil and Environmental Engineering, SUST, Sylhet-3114, Bangladesh (samiul202062@gmail.com)

Abstract

Asphalt pavements in cold climates are highly susceptible to low-temperature cracking, a major distress
mechanism that undermines structural integrity and reduces their service life. The integration of Ground Tire
Rubber (GTR) and Trans-Polyoctenamer Rubber (TOR) into asphalt binders enhances low-temperature
performance and supports sustainable tire waste management. This study investigates the low-temperature
performance of PG 64-22 and PG 76-22 asphalt binders modified with varying percentages of GTR and TOR. To
evaluate the synergistic impact of rubber modifiers on binder performance, GTR was incorporated at 10-15% by
binder weight for PG 64-22 and 3-8% for PG 76-22, while TOR was added at 0%, 3%, and 6% across all
formulations. Before BBR testing, binders were aged using an RTFO and PAV machine, and their rheological
properties were initially evaluated using a Dynamic Shear Rheometer. The BBR test assessed creep stiffness and
relaxation properties. The results show that the addition of GTR significantly reduces creep stiffness and
increases m-values in both binders, reflecting improved flexibility and stress relaxation at low temperatures. For
PG 64-22, increasing GTR from 10% to 15% progressively decreased stiffness and increased m-values, with
peak performance at 12% GTR combined with 6% TOR. For PG 76-22, maximum stiffness reduction occurred at
5% GTR without TOR, while the highest m-value was achieved at 5% GTR with 6% TOR. These findings
highlight the potential of combining GTR and TOR to enhance the low-temperature performance of asphalt
binders, offering a sustainable and effective strategy for improving pavement durability in cold climates.
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1 Introduction

The study of low-temperature rheology in asphalt binders is crucial, as low-temperature cracking is a primary
cause of asphalt pavement failure in cold regions. The rheological properties of asphalt binders play a significant
role in determining the severity of thermal cracking caused by extreme temperatures (Isacsson and Zeng, 1998).
Low-temperature cracking generally occurs in freezing weather, often within a few years following pavement
construction. This type of distress is identified by transverse cracks in pavement, which appear when the binder
is unable to adjust or stretch to relieve the thermal stress. To minimize the risk of low-temperature cracking, it is
essential to improve the binder's strength or enhance its stress relaxation capacity (Kommidi and Kim,
2021).Thermal cracking can compromise the pavement’s functionality, leading to more severe damage such as
frost heave and the development of potholes. To enhance the low-temperature performance and ensure long-
lasting pavements, researchers have focused on modifying asphalt binders. This approach effectively addresses
the increased stresses from extreme temperatures, providing a practical solution to improve pavement durability
in cold climates and extend their service life (Jahanbakhsh et al., 2016). The incorporation of ground tire rubber
into virgin asphalt offers better resistance to rutting, fatigue cracking, and thermal cracking. In addition, this
modification can reduce the need for thick asphalt overlays and potential reflective cracking (Huang et al., 2002).
Ground tire rubber is a widely used modifier produced by mechanically grinding the scrap tires into small
particles. It provides advantages over conventional mixes, such as improved fatigue and crack resistance, better
durability, and reduced risk of deformation, temperature sensitivity, and moisture damage when used as a binder
modifier (Palit et al., 2004). In another study, it was observed that varying the content and size of crumb rubber
can effectively reduce the low-temperature stiffness of asphalt binder (Gopal et al., 2002). In addition, Liu et al.
(2009) showed that ground tire rubber-modified asphalt delivers the best low-temperature anticracking
performance with a GTR content between 15% and 20%, according to the bending beam rheometer (BBR) test.
Furthermore, the addition of trans-polyoctenamer rubber (TOR) also enhances binder strength when combined
with ground tire rubber as a modifier. Ma et al. (2020) showed that the dry method of incorporating TOR-
activated crumb rubber into asphalt mixtures results in significant improvements in road performance, especially
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in terms of resistance to rutting, low-temperature cracking, and moisture-induced damage. TOR significantly
improves low-temperature creep behavior when added to crumb rubber-modified asphalt, while also enhancing
its resistance to aging and the overall stability of the mixture (Liang et al., 2017). Furthermore, TOR promotes a
chemical reaction between crumb rubber and virgin asphalt, providing modified asphalt with benefits such as
crack prevention, waterproofing, noise reduction, and flexibility (Ng Puga and Williams, 2016). There are
several test methods for low-temperature performance assessment of modified asphalt binders. The Bending
Beam Rheometer (BBR) is a commonly used test that measures flexural creep stiffness, creep compliance, and
the m-value of asphalt binders at low service temperatures (ASTM-D6648, 2001).

2 Objectives of the Study

This study aims to investigate the impact of ground tire rubber (GTR) and trans-polyoctenamer rubber (TOR) on
the low-temperature performance of PG 64-22 and PG 76-22 asphalt binders. Specifically, it evaluates how
varying concentrations of GTR and TOR affect rheological properties, including creep stiffness and m-value,
using bending beam rheometer (BBR) test. The study seeks to identify the optimal percentage GTR and TOR
combination that enhances binder flexibility, reduces stiffness, and improves stress relaxation of asphalt
pavements in cold climates.

3 Experimental

3.1 Materials

In this study, two performance grade asphalt binders, PG 64-22 and PG 76-22, were used as base binders. PG 64-
22 was a virgin binder, while PG 76-22 was modified with Styrene Butadiene Styrene (SBS) polymer. The
specific gravities of PG 64-22 and PG 76-22 were 1.0359 and 1.0299, respectively. Both binders were collected
from Reeves Construction Company, Statesboro, Georgia, United States (Fig. 1a). To enhance the binder
properties, ground tire rubber (GTR) was used as the primary modifier for these binders. It was derived from the
mechanical grinding of end-of-life automobile tires. The crumb rubber particles, consisting mainly of vulcanized
rubber, carbon black, fibers, and minor inorganic compounds, were sieved through a Mesh-30 screen (<600 pm)
and dried before mixing (Fig. 1b). In addition, Trans-polyoctenamer rubber (TOR), also known as Vestenamer,
was introduced as a polymer modifier along with GTR. It has a distinctive molecular structure with trans double
bonds, around 30% crystallinity, and a melting point of roughly 54 °C. The TOR used in this study was received
in pellet form and placed directly into the hot asphalt binder during the mixing process (Fig. 1c).

Figure 1. Materials used in the study: (a) Asphalt binders, (b) Ground Tire Rubber, and (c) Trans-Polyoctenamer
Rubber

3.2 Sample Preparation

In this study, PG 64-22 binder was modified with ground tire rubber (GTR) at varying percentages of 10%, 12%,
and 15% by binder weight and trans-polyoctenamer rubber (TOR) at 0%, 3%, and 6%. For the SBS-modified PG
76-22 binder, lower amounts of GTR (3%, 5%, and 8%) were used, while similar percentages of TOR were
added. The asphalt binder was heated in a flask to 180°C until fully liquefied, allowing for the proper mixing of
the modifiers. GTR and TOR were gradually introduced into the binder to achieve uniform distribution
throughout the mixture. The binder mixture was then blended using a low-shear mixer set to 800 rpm for 45
minutes. This uniform procedure was applied to all samples to ensure consistency across the modifications.
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3.3 Aging Procedure

Bituminous pavement deteriorates over time due to continuous traffic loads and exposure to environmental
factors such as moisture, sunlight, temperature changes, and UV radiation. Moreover, the heat used during the
asphalt-aggregate mixing process accelerates the initial aging of the binder. To emulate the aging effects, two
conditioning methods were employed. Short-term aging was achieved using the Rolling Thin Film Oven
(RTFO), which replicates 8-10 hours of binder aging, while long-term aging was carried out with the Pressure
Aging Vessel (PAV), designed to mimic the effects of 12-15 years of field exposure. In the RTFO method,
asphalt binder was heated in rotating glass bottles at 325°F (163°C) for 85 minutes with continuous airflow at
4000 ml/min, following AASHTO T240 and ASTM D2872 standards. For long-term aging, the binder was
placed in stainless-steel pans inside the PAV, where it underwent 20 hours of aging at 305 psi (2.1 MPa) and
temperatures between 100°C and 110°C by AASHTO R28 guidelines.

Figure 2. Aging process: (a) RTFO aging machine, (b) Sample in RTFO aging bottle, (c) Pressure Aging Vessel
(PAV), and (d) Residue after pressure aging process on PAV plate.

3.4 Bending Beam Rheometer Test

In this study, the Bending Beam Rheometer (BBR) was used to evaluate the low-temperature performance of
modified asphalt binder according to the AASHTO T 313 (2022) guidelines. The samples were subjected to both
short-term and long-term aging processes prior to testing. The creep test was performed at -12°C temperature. A
total of 20 samples were prepared for testing. Specifically, the BBR measures flexural creep stiffness (S) and
stress relaxation capacity (m-value), which is the slope of the stiffness-time curve on a log—log scale. These
properties are evaluated using three-point bending on an asphalt binder beam with dimensions of 6.4 £ 0.1 mm
thick, 12.7 £ 0.1 mm wide, and 127 + 5 mm long (Marasteanu and Basu, 2004). A load of 980 £ 50 mN is
applied for 240 seconds at the midpoint of the specimen, which is submerged in a cold liquid bath (typically
between -30°C and -10°C). Beam deflection was recorded over time using a linear variable differential
transducer (LVDT) (Garilli et al., 2019).

i

Figure 3. (a) BBR Apparatus, (b) Pouring sample into BBR mold, and (c) Asphalt beam sample for BBR test.

4, Result and Discussion

The impact of Ground Tire Rubber (GTR) and Trans-Polyoctenamer Rubber (TOR) on the low-temperature
performance of asphalt binders was evaluated using Bending Beam Rheometer (BBR) tests. Two base binders,
PG 64-22 and PG 76-22, were modified with varying amounts of GTR and TOR to assess their influence on
creep stiffness and m-value, which are critical for predicting thermal cracking susceptibility. The stiffness value
indicates the binder's resistance to deformation under load, with lower values suggesting better flexibility at low
temperatures. In contrast, the m-value measures the rate of stress relaxation, where higher values indicate
improved resistance to thermal cracking. For PG 64-22, increasing the GTR content generally resulted in reduced
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creep stiffness, with the most significant reduction observed at 15% GTR across all TOR levels (Fig. 4a). This
indicates enhanced binder flexibility and a lower risk of thermal cracking. The addition of TOR further enhanced
binder performance, particularly with respect to the m-value, which showed a consistent increase with higher
TOR dosage. At 12% GTR with 6% TOR, the m-value reached a maximum of 0.372, consistently exceeding the
Superpave minimum of 0.300 and indicating superior stress relaxation and improved resistance to low-
temperature cracking (Fig. 5a).

In the case of PG 76-22, where lower GTR dosages (3%, 5%, and 8%) were used to maintain compatibility with
the stiffer base binder, a steady decline in stiffness was observed with increasing GTR content, with the 8% GTR
dosage showing the lowest creep stiffness across all TOR formulations. This highlights the effectiveness of even
low GTR concentrations in enhancing low-temperature flexibility. TOR addition at 3% and 6% led to slight
increases in stiffness at some GTR levels, but the values remained well within acceptable limits, suggesting no
detrimental impact on binder flexibility (Fig. 4b). The m-values for PG 76-22 showed a pronounced
improvement with TOR, particularly at 5% GTR and 6% TOR, where the highest m-value of 0.381 was recorded
(Fig. 5b). This combination delivered an excellent balance between flexibility and stress relaxation. Overall, the
synergistic interaction between GTR and TOR proved beneficial in improving the low-temperature performance
of both binder grades, with optimal enhancements observed at higher GTR content in PG 64-22 and moderate
GTR levels in PG 76-22 when paired with TOR.
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Figure 4. Creep stiffness at varying GTR and TOR contents: (a) PG 64-22 binder, and (b) PG 76-22 binder
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Figure 5. m-value at different GTR and TOR contents: (a) PG 64-22 binder, and (b) PG 76-22 binder.
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5. Conclusion

This study highlights the notable improvement in the low-temperature performance of asphalt binders modified
with Ground Tire Rubber (GTR) and Trans-Polyoctenamer Rubber (TOR). The results demonstrate that the
addition of GTR effectively reduced the creep stiffness and enhanced the m-value for both PG 64-22 and PG 76-
22 binders, thereby improving their flexibility and resistance to thermal cracking. The performance
improvements were further enhanced with the incorporation of TOR, particularly in terms of stress relaxation.
For PG 64-22, the best performance in terms of creep stiffness was achieved at 15% GTR with 6% TOR, while
optimal m-value performance was observed at 12% GTR and 6% TOR. For PG 76-22, peak performance was
observed at 8% GTR with 0% TOR for stiffness, and 5% GTR with 6% TOR for optimal m-value. These
findings underscore the synergistic effect of GTR and TOR in improving binder flexibility and durability at low
temperatures, offering a sustainable approach to enhance the longevity of pavements in cold climates. The
combination of GTR and TOR presents a promising approach for developing sustainable pavement materials,
simultaneously enhancing infrastructure performance and promoting environmental benefits through the
recycling of waste materials.
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