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Abstract

This research focuses on the design and optimization of thermal-resistant binders for flexible pavements in coastal
regions, specifically targeting the Marine Drive in Cox’s Bazar, Bangladesh. Coastal pavements are particularly
vulnerable to damage from prolonged solar exposure and elevated surface temperatures, which lead to significant
deterioration. The study examines the effects of extreme surface temperatures and traffic speed on pavement
performance, with a particular emphasis on temperature-induced distress. The Marine Drive, situated in a tropical
coastal environment, serves as an ideal case study. The analysis identifies ten key zones along the road exhibiting
distressed pavement conditions, and for each zone, geographical coordinates and Land Surface Temperature (LST)
data from NASA-POWER over a four-year period are collected. Calculations of low air temperature, daily
maximum air temperature, and the standard deviation for low air temperature are performed. Based on these
parameters, the pavement temperature (Tpa) and 20-year design temperature (Tzo) are determined. Using the
calculated thermal values, a binder grade is optimized to address the heat-related distresses encountered in the
region. The results of this integrated analytical approach facilitate informed decision-making, contributing to the
longevity of flexible pavements in coastal areas while minimizing lifecycle costs.
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1 Introduction

Flexible pavements in coastal areas face unique challenges for prolonged exposed to the sun and high surface
temperatures. The Cox's Bazar Marine Drive is a 120-kilometer-long coastal road that is very essential for
transportation and tourism in southern Bangladesh (Bhuiyan et al., 2020) .The hot, humid tropical climate
combined with the proximity to the sea exposes the pavement to high ambient and surface temperatures for long
periods of time. This accelerates the aging of the material, causes ruts, and surface distress. These factors make it
necessary to come up with different solutions for pavement construction and maintenance in different areas,
especially when it comes to choosing the right asphalt binder, which is a key determinant of pavement durability
under thermal stresses.

Thermal-induced pavement distress refers to deterioration that occurs due to repeated cycles of heating and cooling
of pavement. This can make asphalt soften, rut, or even crack. Flexible pavements are extremely sensitive to
changes in surface temperature since their asphalt binder needs to retain viscoelastic properties at both high and
low temperatures (Charhi & Baba, 2024). The main problem for tropical, coastal areas like Cox's Bazar is being
exposed to high temperatures for long periods of time. This softens the binder and reduces its load bearing capacity.
Low-temperature events is not common in Bangladesh’s background but may still cause cracking (Gibson, 2003).
The performance grade (PG) asphalt binder for the studied road section was selected following the Superpave
performance grading system developed under the Strategic Highway Research Program (SHRP) and codified in
AASHTO M 320: Standard Specification for Performance-Graded Asphalt Binder (Catalog, 2022). This system
classifies binders based on their expected field performance over a range of operating temperatures and traffic
conditions, defined by two limiting design pavement temperatures: the high-temperature criterion controlling
rutting resistance and the low-temperature criterion controlling thermal cracking susceptibility (Kennedy et al.,
1994). It's very crucial to get the right PG binder so that the pavement lasts for a long time period.

Despite significant research on the thermal performance of pavements worldwide, most of the design standards
and prediction models that are available were made for temperate or dry inland areas. Empirical relationships—
such as the Long-Term Pavement Performance (LTPP) models which links air temperature to pavement
temperature were calibrated using datasets from North America and Europe (Hube et al., 2010); Asphalt Institute,
2011). When these models are used directly in Bangladesh's coastal area context, they often fail to consider local
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conditions such sea winds, high humidity, salt spray, and the constant high solar radiation that is common in low-
latitude maritime areas (Kontson et al., 2025) .So, pavements built to international standards may nevertheless
show signs of wear and tear too soon in the area. This shows a major research gap: the need for pavement
temperature models and binder selection methods exclusively for Bangladesh's coastal environment.

The absence of long-term, systematically recorded ground-based temperature data along the Marine Drive
complicates binder selection. Consequently, high-resolution remote sensing and reanalysis datasets such as NASA-
POWER and MERRA-2 provide reliable long-term temperature estimates, though their application in Bangladeshi
pavement engineering remains limited. This study develops an integrated analytical framework to design thermally
resilient asphalt binders for the Cox’s Bazar Marine Drive, utilizing four years of NASA-POWER-derived Land
Surface Temperature and air temperature data across ten critical pavement zones identified through field
investigations.

The resulting design pavement temperatures were mapped to the corresponding binder grades following AASHTO
M 320 and FHWA guidance (Tablel). The decision rule assigns a binder grade PG XX-Y'Y, where XX corresponds
to the average seven-day maximum pavement temperature (rounded to the nearest 6 °C), and Y'Y corresponds to
the minimum pavement temperature (rounded likewise). The mapping thresholds for the available high- and low-
temperature grades are presented in Table 1. For instance, a PG 64-22 binder must meet performance requirements
up to 64 °C and down to —22 °C. Typical binder grades specified in the SUPERPAVE system include PG 46-34,
PG 46-40, and PG 46-46, although other grades, such as PG 58-10, may also exist depending on climatic
conditions.

Table 1: Binder Grades as Specified in SUPERPAVE Specifications (Superpave Asphalt Mixture Design, 1995)

High Temperature Grade, °C Low Temperature Grade, °C
PG 46 34, 40, 46

PG 52 10, 16, 22, 28, 34, 40, 46

PG 58 16, 22, 28, 34, 40

PG 64 10, 16, 22, 28, 34, 40

PG 70 10, 16, 22, 28, 34, 40

PG 76 10, 16, 22, 28, 34

PG 82 10, 16, 22, 28, 34, 40

The findings of this study provide a practical roadmap for making flexible pavement more durable in coastal
Bangladesh, directly supporting infrastructure sustainability. Using data-driven, location-specific binder
requirements will help transportation authorities to extend pavement service life, ensure safety, and use resources
more effectively as temperatures rise (Gibson, 2003) .

2 Data Collection and Methodology

A comprehensive surface temperature data along the 120 km long Cox’s Bazar-Teknaf Marine Drive was collected
from the MERRA-2 (Modern-Era Retrospective analysis for Research and Applications, Version 2) dataset.
MERRA-2 is developed by NASA, widely utilized for climate monitoring, modeling, and scientific research.

To identify the locations that are most susceptible to pavement deterioration due to temperature, a field survey was
conducted along the entire marine drive. Critical points were determined by interviewing local stakeholders,
assessing flexible pavement conditions. Based on these findings, ten representative locations, each situated in close
proximity to the sea beach were selected. These points were chosen due to their high sensitivity to temperature
fluctuations originating from sea sand, which is known to exacerbate pavement thermal loading and accelerate
degradation. For each critical location, the latitude and longitude of the site and the seven-day average maximum
air temperature during the hottest period of the year were recorded. This is presented in Table 1.
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Table 2. Geo co-ordinates of selected points.

Point Latitude Longitude Point Latitude Longitude
Reference (degrees)  (degrees) Reference (degrees)  (degrees)
Number 9 9 Number 9 9

A 21.345 91.98 F 20.923 92.22
B 21.218 92.05 G 20.889 92.25
C 20.987 92.2 H 20.879 92.96
D 20.979 92.3 | 20.839 92.27
E 20.957 92.2 J 20.836 92.29

©) G
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Figure 1. Selected distressed pavement zones (notation provided according to reference number).

To determine the high-temperature susceptibility relevant for asphalt binder selection, the Superpave system
requires the maximum pavement temperature at a depth of 20 mm below the surface(Hube et al., 2010). This is
calculated from air temperature and latitude using the following equation developed by Mohseni (Drumm & Meier,
2003):

Taomn=T,, + 0.00618Lat>- 0.2289Lat +42.2 - 17.78 (1)

20mm
Here, T,mm IS high pavement design temperature at 20 mm depth (°C). T,;, denotes the seven-day average high
air temperature (°C) and Lat term is geographical latitude of the project location (degrees).

For the minimum pavement temperature calculation, the following equation has been used developed empirically
by Mohseni (Drumm & Meier, 2003):

Tp= 1.56 +0.72T,, - 0.004Lat’ + 6.26 log, H- 25 - Z(4.4 +0.5252,) )

Here, Ty, is low pavement temperature (°C, at the surface). T, is the minimum air temperature (°C). Lat denotes
Latitude (degrees), H denotes pavement thickness (mm), s, is the standard deviation of the mean low air
temperature (°C) and Z is the normal distribution value for desired reliability (e.g., 2.055 for 98% reliability).

After calculating Tyomm and T, for each site, it is compared with the standard Performance Grade (PG) binder
classification table (Harman et al., 2002). For example, if a binder is classified as PG 64-16, then it is suitable for
sites where the maximum design pavement temperature is up to 64°C and the minimum pavement temperature is
—16°C. The PG binder grade is chosen such a way that it will meet the high and low temperature requirements for
the pavement temperature circumstances at the site. Adjusted for traffic load is mandatory. Up to certain point of
Marine Drive Road, very high traffic volumes are expected. For heavy-traffic conditions (Traffic Level D, ESALSs
~ 107), a +1 high-temperature grade bump was applied, resulting in a final recommended binder grade for Cox’s
Bazar. This modification makes sure that the chosen binder can handle more heat and weight stress.

3 Analysis and Result

Table 2 presents the optimum Performance Grade binders (>98% reliability) derived from 2021-2024 temperature
data and 20 mm surface-layer analyses, designed for fast transient traffic per Superpave criteria.(Harman et al.,
2002). The analysis reveals that PG 58-10 is the prevailing optimum binder grade across most sections, with PG
52-10 required only in limited cases under lower temperature conditions. Incorporating a high-temperature grade
adjustment, the findings affirm that PG 58-10 offers the most appropriate and reliable binder selection for flexible
pavement design along the Marine Drive corridor.

Table 2: Pavement and temperature data for various locations and optimum binder selection (2021-2024).
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Point Latitude, I;?\rN Hz;igrh Pavement Standard . T T Optimum
ref. Lat Year thickness, deviation, v 20 binder
temp. temp. _ value (°C) (°C)
no.  (degrees) (°C) °C) H (mm) Sair grade
2021 13.28 27.98 3.40 18.98 51.11
2022 12.47 2781 3.54 19.12 51.04 PG
A 21.345 127 2.055
2023 13.37 28.11 3.23 19.98 51.3 58-10
2024 11.97 28.01 3.22 1893 51.1
2021 1415 276 2.68 21.36 50.84
2022 1387 274 2.83 21.02 50.85 PG
B 2128 o053 9317 2774 127 255 209 5101 509 52:10
2024 1211 27.62 2.55 20.97 49.95
2021 11.94 294 4.36 14.89 53.58
2022 1246  29.1 461 1498 52.8 PG
C 20.987 127 2.055
2023 11.67 294 423 15.02 52.6 58-10
2024 11.87 29.6 421 14.88 53.1
2021 1294 29.1 4.36 1491 5351
2022 11.46  29.1 451 15.01 522 PG
D 20.979 127 2.055
2023 11.67 29.7 4.29 15.09 53 58-10
2024 1157 299 4.212 15.02 534
2021 1093 29.1 4.36 15.01 53.91
2022 1249 29.6 421 15.13 534 PG
E 20.957 127 2.055
2023 1147 2938 413 15.06 52.89 58-10
2024 10.98 30 4.48 15.13 53.8
2021 10.98 28.98 34 18.98 52.11
2022 1256 28.81 3.54 19.12 51.04 PG
F 20.923 127 2.055
2023 1137 28.11 3.23 19.98 523 58-10
2024 10.97 29.01 3.22 1893 51.1
2021 1115 286 4.68 21.36 50.84
2022 12.87 284 4.83 21.02 51.15 PG
G 20.889 127 2.055
2023 12.17 28.73 3.98 21.01 50.8 52-10
2024 1141 28.62 4.25 2097 52.1
2021 1094 284 4.16 14.89 53.58
2022 1046  28.7 4.61 1498 528 PG
H 20.879 127 2.055
2023 11.67 284 4.23 15.02 53.6 58-10
2024 10.87 29.1 421 14.88 53.1
2021 1094 29.1 4.36 1491 53.51
2022 1046  29.1 451 1501 522 PG
| 20.839 127 2.055
2023 1167 29.7 4.29 15.09 53 58-10
2024 10.77 299 422 15.02 534
2021 1093 29.1 4.36 15.01 53.91
2022 10.47 296 451 15.13 534 PG
J 20.836 127 2.055
2023 1167 297 4.29 15.06 52.89 58-10
2024 10.77 29.8 4.22 15.13 53.8

In order to identify whether the binder will be perfect for the next thirty years we’ve extracted data from Bangladesh
Meteorological data from 1940 to 2024 and then predicted the data for 2055 using linear regression. The
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temperature trend indicates a steady increase, reaching 37.14°C by 2050, highlighting the need for heat-resistant
pavement designs. With temperature fluctuations in the data, selecting binders like PG 58-10, which offers better
resistance to heat, is crucial. PG 58-10 is ideal for coastal areas with higher temperatures, improving long-term
pavement performance by preventing heat-induced damage. Sustainable binder designs that account for
temperature extremes and coastal conditions will ensure longevity and reduce maintenance costs. The consistent
use of PG 58-10 supports adaptation to climate stress; hence PG 58-10 is recommended, with future designs
incorporating climate modeling and sustainable materials to further enhance durability.
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Figure 2. Cox’s Bazar annual maximum temperature change and 30 years prediction.

4 Conclusion

This study presents a comprehensive, data-driven framework for optimizing asphalt binder selection suited to the
thermal conditions of the Cox’s Bazar Marine Drive. Integrating high-resolution MERRA-2 data with Superpave-
based Teo and Tpay estimations, the approach aligns binder performance with local and projected temperature
extremes. Analysis of ten critical zones enables targeted maintenance planning, while regionally adapted models
overcome the limitations of temperate-based criteria. The recommended PG binders balance performance,
durability, and cost, promoting resilient and sustainable pavement infrastructure under evolving climatic stresses.
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