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Abstract

Climate change significantly affects the structural integrity of roads and highways, especially in the southern
coastal regions of Bangladesh, where increased sea levels, tidal surges, and frequent flooding weaken subgrade
layers and accelerate settlement. This study experimentally evaluated the degradation of subgrade strength and
the increase in settlement under prolonged flooding, using a 15 ft x 8 ft prototype flexible pavement constructed
to replicate field conditions. California Bearing Ratio (CBR) and consolidation tests were performed at intervals
of 1, 3, 5 7, and 14 days under two conditions: with and without protective measures such as slope
waterproofing and shoulder reinforcement. Results revealed that the unsoaked subgrade exhibited a CBR of 23
%, which decreased to 5.3 % after 14 days of continuous flooding without protection. In contrast, when
protective measures were applied, the CBR decreased more moderately from 22.5 % to 9.2 %, indicating a
22.17 % lower strength reduction compared to the unprotected condition. Similarly, the average settlement
decreased by approximately 29.1 mm with protection, demonstrating the structural benefit of the applied
measures. These findings confirm that cost-effective protective treatments can substantially mitigate flood-
induced deterioration, offering a practical adaptation strategy to enhance the durability and resilience of road
infrastructure in low-lying coastal areas affected by climate change.

Keywords: Pavement Subgrade, Sea-Level Rise, Road Infrastructure, Environmental Impact, and Climate
Adaptation Strategies.

1 Introduction

Climate change has resulted in many undesirable outcomes for humans and the environment. Undoubtedly, it will bring
more severe crises for the environment & living beings in the near future. This is mainly due to their adverse impacts on
humans, properties, the environment, surroundings, road structures, and many more. Bangladesh is highly vulnerable to
climate change impacts due to its geographical location and socioeconomic conditions (Hossen et al., 2023; Mohal et al.,
2006; Nishat & Mukherjee, 2013).The country has experienced increasing temperatures and changes in rainfall patterns over
the past decades. Climate change is expected to intensify natural disasters such as cyclones, storm surges, and floods, which
already frequently affect Bangladesh (M. R. Islam et al., 2024). These events have caused significant loss of life and
economic damage, with Bangladesh ranking among the most disaster-affected countries globally. Climate change is also
likely to impact agriculture through changes in irrigation requirements and increased drought risk (Nishat & Mukherjee,
2013). Adaptation strategies are crucial for Bangladesh to address these challenges, with social capital playing a potential
role in community resilience. Bangladesh's coastal regions are highly vulnerable to climate change impacts due to its low-
lying geography and extensive river systems (Hossain, 2013; Hussain & Hoque, 2020). Rising sea levels are projected to
permanently inundate 11% more land by 2100, affecting transportation networks and displacing millions (Mohal et al.,
2006).The country faces increased risks of flooding, cyclones, and storm surges, which damage infrastructure and hinder
socio-economic development (Hossain, 2013; Mohal et al., 2006). Salinity intrusion threatens coastal agriculture and
ecosystems, with the Sundarbans mangrove forest at risk of complete loss(Minar et al., 2013; Mohal et al., 2006). While
mitigation options are limited, adaptation strategies are crucial for Bangladesh to address these challenges. The impacts on
transportation, agriculture, and human displacement underscore the urgent need for effective policies to enhance resilience in
the face of climate change (Hossain, 2013; Hussain & Hoque, 2020; Minar et al., 2013). Climate change poses significant
threats to infrastructure, particularly in coastal areas. Rising sea levels and increased precipitation lead to flooding, soil
salinity, and erosion, severely impacting road networks and bridges (Chinowsky et al., 2015; Md. N. Islam et al., 2021).
These effects reduce load-bearing capacity, cause permanent deformation, and decrease clearance under bridges, hindering
sea transport (Azevedo De Almeida & Mostafavi, 2016). The costs of maintaining and rehabilitating affected infrastructure
are substantial, with estimates reaching US$10.5 billion through 2050 in Vietnam alone (Chinowsky et al., 2015). Soil
salinity significantly increases road maintenance expenditures, with a potential 252% rise in costs from minimum to
maximum salinity levels (Dasgupta et al., 2015). Adaptation measures include protective structures, accommodation
strategies, and managed retreat. However, implementing these solutions faces challenges, particularly in developing
countries where resources are limited. Analysis of the effect of climate change on roads & highways will pave the way for
cost-effective & durable future development & maintenance. Every year, the Government of Bangladesh has to spend a lot
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of money on repairing, maintaining, and rehabilitating roads and highways in our country. Based on this analysis, we can
recommend a modified way of development and maintenance that will reduce the ultimate cost. By a comprehensive study
of climate change's effect, we can modernize and upgrade our existing way of bridge construction. The main objectives of
this study are to find out the effect of climate change on roads & highways, determine the reduction of sub-grade strength,
reduce the maintenance and rehabilitation cost of roads & highways, and design durable & long-lasting roads & highways.

2  Materials and Methodology

2.1  Study Area

3.2 Study Area :

Climate change has diversified effects on difference parts of the world. It has a widening effect in our country
namely Bangladesh. Southern part of Bangladesh is nearer to mean sea level(about 5°). So, roads & highway in
this area are more vulnerable due to the increasement of mean sea level. Most of the damages of roads &
highway occurs during moonson season. That’s why we highlighted the roads & highway in Barishal, Bhola,
Khulna< Charfashion, Lalmohon, Tazimuddin, Monpura, Mehendiganj & Muladi.

2.2 Procedure

To analyze the effect of climate change on roads & highway in southern part of Bangladesh. We inspected different roads at
Charfashion, Lalmohon, Tazumuddin, Monpura upazila in Bhola district. We have also visited different roads & highway in
Barishal & Khulna division. After collecting data from this places, we constructed a 15°x8’ flexible pavement in our campus
premises for more investigation.

Construction of CBR test Flooding the Agaig finding
prototype road with - & - pavement BR
canal on both side Consolidation ‘ & consolidation
value
Comparison of T R Providing CC work on
obtained value <= consolidation value - e

completely dried up

2.3 Prototype road construction

For details study of climate change effect, we constructed a 15’x8’ flexible pavement in our campus. Firstly, we cut and
filled the embankment. Then we compacted the sub-grade at 95percent level. After that made water bound macadam’s
(WBM). For compaction we used 1-ton roller. 25mm dense carpeting was used by using first class bitumen, stone chips &
stone dust. We heated the bitumen at 145 to 150° C.

Figure 1: Prototype Road at initial stage
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Figure 2: Prototype Road at final stage

3 Result & Discussion

3.1 Data Analysis

3.1.1 CBR Value Calculation

We have collected tested our sub grade soil for 11 times. After constructing the prototype road, flooding with
protective measurement at day 1,3,5,7 & 14 and also flooding without protective measurement at day 1,3,5,7 &

14.
After the construction:
For 2.5mm penetration,
Standard load= 1370 kg

Obtained load= 315.1kg
_ 3151

CBRvalue 1370x100
=23%
For 5mm penetration,
Standard load= 2055 kg
Obtained load= 462.375 kg
_ 462.375
CBR value 2055 x100
=22.5%
. CBR value for 2.5mm penetration greater than Smm
penetration. So, final CBR value at this stage is 23%
Flooded with Protective Measurement:
Atday 1:
For 2.5mm penetration,
Standard load= 1370 kg
Obtained load= 308.25 kg
_308.25
CBRvalue 1370 x100
=22.5%

For 5mm penetration,
Standard load= 2055 kg
Obtained load= 454.155 kg
_ 454.155
CBR value 2055 x100

=22.1%
. CBR value for 2.5mm penetration greater than Smm
penetration. So, final CBR value at this stage is 22.5%

At day 3:
For 2.5mm penetration,

Standard load= 1370 kg
Obtained load= 278.11 kg
_278.11
CBRvalue 1370 x100
=20.3%

For 5mm penetration,
Standard load= 2055 kg

Obtained load= 408.945 kg
_ 408.945
CBR value 2055 x100
=19.9%
. CBR value for 2.5mm penetration greater than 5Smm
penetration. So, final CBR value at this stage is 20.3%

At day 5:
For 2.5mm penetration,

Standard load= 1370 kg
Obtained load= 241.12 kg
24112
CBRvalue 1370 x100
=17.6%

For 5mm penetration,
Standard load= 2055 kg
Obtained load= 351.405 kg
351405
CBR value 2055 x100

=17.1%
. CBR value for 2.5mm penetration greater than Smm
penetration. So, final CBR value at this stage is 17.6%

Atday 7:
For 2.5mm penetration,

Standard load= 1370 kg
Obtained load= 197.28 kg
_197.28
CBRvalue 1370 x100
=14.4%

For 5mm penetration,
Standard load= 2055 kg
Obtained load= 287.7 kg
87.7

CBRvalue  2055x100
=14%
. CBR value for 2.5mm penetration greater than Smm

penetration. So, final CBR value at this stage is 14.4%

At day 14:
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For 2.5mm penetration,
Standard load= 1370 kg
Obtained load= 126.04 kg
_ 126.04
CBR value 1370 x100
=9.2%

For 5mm penetration,
Standard load= 2055 kg
Obtained load= 182.9 kg
2.9

CBRvalue  2055x100
=8.9%
. CBR value for 2.5mm penetration greater than 5mm
penetration. So, final CBR value at this stage is 9.2%

Flooded without Protective Measurement:
At day 1:
For 2.5mm penetration,

Standard load= 1370 kg

Obtained load= 260.3 kg
_ 2603

CBRvalue 1370x100
=19%
For 5mm penetration,
Standard load= 2055 kg

Obtained load= 378.12 kg
_378.12

CBR value 2055 x100
=18.4%
. CBR value for 2.5mm penetration greater than Smm
penetration. So, final CBR value at this stage is 19%
At day 3:
For 2.5mm penetration,
Standard load= 1370 kg

Obtained load= 205.5 kg
_ 2055

CBRvalue  1370x100
= 15%

For 5mm penetration,
Standard load 2055 kg
Obtained load= 295.92 kg
_ 29592
CBR value 2055 x100
=14.4%
. CBR value for 2.5mm penetration greater than Smm
penetration. So, final CBR value at this stage is 15%
At day 5:
For 2.5mm penetration,
Standard load= 1370 kg
Obtained load= 143.85 kg
_143.85
CBRvalue 1370 x100
=10.5%

For 5mm penetration,
Standard load= 2055 kg
Obtained load= 207.56 kg
_ 207.56
CBR value 2055 x100
=10.1%
. CBR value for 2.5mm penetration greater than Smm
penetration. So, final CBR value at this stage is 10.5%
Atday 7:
For 2.5mm penetration,
Standard load= 1370 kg
Obtained load= 119.2 kg

ICCEI 2025

1192

CBRvalue 1370x100
=8.7%
For 5mm penetration,
Standard load= 2055 kg

Obtained load= 168.5 kg
1685

CBRvalue 2055x100
=8.2%

. CBR value for 2.5mm penetration greater than Smm
penetration. So, final CBR value at this stage is 8.5%
At day 14:
For 2.5mm penetration,

Standard load= 1370 kg

Obtained load= 72.62 kg

72.62

CBRvalue 1370x100
=5.3%
For 5mm penetration,
Standard load= 2055 kg
Obtained load= 102.75 kg
102,75
CBR value 2055 x100
=5%
. CBR value for 2.5mm penetration greater than Smm
penetration. So, final CBR value at this stage is 5.3%

Settlement decreases with protective measurements
compared to without protective measurements:

At day 1= 35.245 mm

At day 3= 27.1 mm

At day 5= 25.08 mm

At day 7=27.83 mm

At day 14= 30.275 mm

Average settlement reduced =
35.245+27.1425.08+27.83430.275

5

29.108 mm
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Figure 3: CBR values with protective measurement
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Figure 4: CBR values with protective measurement
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Figure 5: Unsoacked and soacked graph settlement vs time

Strength reduction is reduced by 22.17%, Settlement increment is reduced by 29.108 mm.
CBR test on analogue machine we could use digital CBR machine the result would be more accurate.
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Conclusion

We have performed CBR & consolidation tests on the subgrade at three stages. At first stage, the strength of sub grade is
maximum & settlement is minimum. At 2nd stage, after soaking for 1st, 3rd, 7th & 14th days strength reduces continuously
& settlement increases. At third stage, after providing preventive CC work on both side of the road, the strength of soaked
sub-grade increases and settlement reduces to nearly unsoaked condition.Strength reduction is reduced by 22.17%.The
settlement increment has been reduced by 29.108 mm. We conducted a CBR test using an analog machine; however, we
could have obtained more accurate results with a digital CBR machine. Due to the characteristics of the prototype road
elements, the results may vary slightly. This prototype road represents nearly all roads in the southern part of Bangladesh.
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