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Abstract 
 

Pussur River, an important tidal river in Bangladesh’s economy, is dredged annually to maintain navigability and sustain the 

harbor operations of Mongla Port. Nowadays, dredged materials are often disposed of in river channels and agricultural lands, 

leading to increased water turbidity, harm to aquatic life, loss of fertile soil, and adverse impacts on local livelihoods. 

Therefore, identifying sectors where dredged materials have some beneficial uses is essential. This study aims to assess the 

physical and engineering properties of dredged materials and to compare bituminous mixes with different percentages of fine 

aggregate replaced by dredged materials of the Pussur River, and to determine the optimum replacement percentage. Dredged 

materials samples from 3 different disposal sites were collected. Then the samples were prepared for further physical & 

chemical property tests. Partial replacement of the soil sample with different proportions of dredged materials (0%, 5%, 10%, 

15%, 20%) was prepared for the Modified Proctor Test at different water contents. The elastic modulus was obtained using a 

stress-strain diagram of an unconfined compression test. Then, the fine aggregate of the asphalt mix design was replaced by 

different portions of dredged materials to perform the Marshall Stability Test at optimum bitumen content (%) to find out the 

maximum replacement percentage of dredged sand. It was observed that the dredged material was mainly poorly Graded Fine 

Sand with an optimum moisture content of 14.20% and a Maximum Dry Density of 15.45 kN/m3. With increasing dredged 

sand content up to 15%, the unit weight and Marshall stability increase by approximately 7%, while the flow value decreases 

from 8.37 to 7.67 (1/100 inch). Based on the results, a 15% replacement with dredged materials is recommended for flexible 

pavement construction. The findings will prove the possibility of the beneficial use of dredged sand as a useful material for 

asphalt mix design, contributing to both environmental management and sustainable infrastructure development. 

 

Keywords: Dredged sand; Pussur River; Road construction; Bituminous mix; Marshall Stability; Flexible 
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1 Introduction 
 

The Pussur River originates as a distributary of the Sibsa River in the Sundarbans region of southwestern Bangladesh. It 

branches off near Mongla in Bagerhat District and flows southward through the tidal wetlands of the Sundarbans, passing 

through areas like Rampal and Dacope .it travels roughly 150 kilometers southwest before emptying into the Bay of Bengal 

near the Mongla Port. A tidal estuary, the river is saline and heavily influenced by the tides of the Bay. 

In Bangladesh, dredging is a necessary measure of maintaining the navigability of rivers. Yearly, about 80×106 m3 of material 

is dredged from various rivers in Bangladesh. From the Pussur River, significant amounts of sediment are dredged annually 

to sustain the harbor operations of Mongla Port. The annual quantity of dredged material from the Pussur River is about 

6×106 m3, and that of the Ghasiakhali Channel is 2×106 m3 (Rahman and Ali, 2023).  

Nowadays, a significant portion of the dredged material from rivers like the Pussur is indiscriminately dumped into nearby 

river channels, agricultural lands, fish cultivation areas, and low-lying lands. This unplanned disposal not only leads to the re-

sedimentation of riverbeds—reducing navigability and requiring repeated dredging—but also results in the loss of fertile 

topsoil in agricultural zones, disrupts aquaculture practices, and poses environmental and economic risks to surrounding 

communities. Such practices diminish the potential value of dredged material and adversely impact the livelihoods of local 

farmers and fishermen. 

Dredging may affect the physical environment by changing the bathymetry, current velocity, and wave conditions (Zhang et 

al., 2021). Managing dredged material poses a challenge due to the limited availability of suitable land for disposal. However, 

with proper planning and treatment, this material can be viewed as a valuable resource for various beneficial applications. 

Due to restrictions on industrial development, land on both sides of the Pussur River downstream of Mongla Port (MP) is 

mainly used for fish production. There is a demand for dredged material about 5 km upstream of MP, where new factories 

and urbanization are developing rapidly. In these areas, sand mining from nearby rivers for land development is a common 

practice because it does not cost much. Due to the distance between the dredging and disposal locations, land development 

companies are not interested in using/carrying the dredged material from the dumping stations downstream from MP 

(Rahman and Ali, 2023). In the coming years, suitable land for disposing of dredged material may become scarce if currently 

used sites are not cleared. Hence, rather than continuously dumping sediment along the riverbanks, it is essential to explore 

alternative, beneficial uses for the dredged material. 

Dredged sand, particularly from the Pussur River, offers promising engineering properties that make it suitable for road 

construction. When free from excessive fines, it provides good drainage, high shear strength, and excellent load-bearing 
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capacity—ideal for use in sub-base and embankment layers. The stability or strength of dredged sand can also be improved 

by adding cement or lime at a certain ratio (Obaid and Mir, 2018). Given the pressing need for road network expansion in 

Bangladesh and the growing scarcity of traditional construction materials, dredged sand presents a sustainable, locally 

available alternative. The continuous siltation of the Pussur River ensures a reliable supply, especially for nearby 

infrastructure projects. However, its use must be guided by proper environmental testing to rule out contaminants such as 

salinity or heavy metals, particularly due to the river’s proximity to the ecologically sensitive Sundarbans. Processing 

methods like dewatering or washing may also be required, along with updates to national construction standards (e.g., 

AASHTO or Bangladesh codes) to accommodate treated dredged material. In this context, repurposing dredged sand from the 

Pussur is not only a smart and sustainable solution—it is a strategic move that transforms a disposal challenge into a catalyst 

for eco-friendly development. 

This study focused on the Pussur River as the selected site to examine sediment properties to explore the beneficial reuse of 

dredged material as part of a sustainable sediment management approach. This study aims to evaluate the Geotechnical 

properties of dredged sand and to compare asphalt mixes with partial replacement of fine aggregate by dredged sand from the 

Pussur River in different percentages, and to find out the optimum percentages of the mix. 

 

2 Materials and Methods 
 

2.1 Study Area and Collection of Dredged Material  

 

 
Figure 1. Study Area 

 

Dredged materials were collected from three strategic disposal sites within the Chila-Jaymanirgol Union, situated 

near Mongla in southwestern Bangladesh (Fig. 1). This area lies within the lower tidal reaches of the Pussur 

River, a dynamic segment of the Ganges-Brahmaputra Delta. The sites are positioned amidst a network of critical 

localities, including Dacope (west), Rampal (northeast), Mollikerber (south), Banishanta, and Dhangmari (near-

field settlements). The broader region encompasses the Sundarbans Impact Zone—a buffer area adjacent to the 

UNESCO World Heritage mangrove forest—and interfaces with key infrastructure, Mongla Port (10–15 km 

south), and Riverine communities (e.g., Tatibunia, Jiuchara, Jaymanirgol). Sediment deposition here is driven by 

tidal currents, monsoon-fed river discharge, and upstream siltation from the Ganges system. 

 

A series of physical tests should be carried out to assess the suitability for reuse of dredged material (Mir et al., 

2016). To prepare the dredged sand samples for further analysis, a systematic process was followed to ensure 

accurate and reliable results, particularly for geotechnical and environmental assessments. 

Bulk samples were collected from three distinct locations at each disposal site. Care was taken to avoid surface 

zones that appeared contaminated. The collected samples were immediately stored in clean, labeled, and airtight 

containers to minimize the risk of contamination and moisture loss. 

Coarse debris such as shells, vegetation, and foreign materials was manually removed from the samples. They 

were then stored in cool, shaded conditions to preserve their natural characteristics. 
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Subsequently, the bulk samples were thoroughly mixed on a clean tray to ensure uniformity. To reduce salinity 

levels, the sand was rinsed with deionized water. After washing, the samples were air-dried at a controlled 

temperature of 30–35°C to retain their natural properties without altering their geotechnical behavior. 

Finally, each sample was clearly labeled with its collection location, depth, date, and the specific processing 

methods applied. 

Table 1 presents an overview of the tests conducted in this study to evaluate the characteristics of the dredged 

sand from the Pussur River and determine its potential for beneficial use. The relevant test standards and 

specifications followed for each analysis are also included. 

 

Table 1. Summary of the tests conducted along with the corresponding standards 

Test Test specification 

Sieve analysis ASTM C136 

Hydrometer Analysis ASTM D7928 

Standard proctor test ASTM D698 

Direct shear test ASTM D3080 

Marshall Stability Test ASTM D6927 

 

2.2 Marshall Stability Test 

The Marshall Stability Test is a widely used method for evaluating the strength and stability of bituminous 

mixtures for the surface course used in road construction. It helps determine the optimum binder content for 

asphalt mixtures and assesses their load-bearing capacity and resistance to deformation. At first, an optimum 

bitumen content was measured according to the ASTM D6927 standard. Then the fine aggregate was partially 

replaced with dredged sand according to the mix ID. The fine aggregate of the asphalt mix design was replaced 

by different portions of dredged sand by weight (Table 2) to perform the Marshall Stability Test at an optimum 

bitumen content (%) to find out the maximum replacement percentage of dredged sand. 

 
Table 2. Description of Different Samples with Partial Replacement of Dredged Sand for Marshall Mix Design 

Mix ID Description 

A 

B 

C 

D 

E 

in which fresh FA (Kustia Sand) is 100% 

in which fresh FA is 90% and 10% dredged sand 

in which fresh FA is 85% and 15% dredged sand 

in which fresh FA is 80% and 20% dredged sand 

in which fresh FA is 75% and 25% dredged sand 

 

2.3 Research Flow 

The research was carried out through a structured sequence of steps. First, appropriate sites for sample collection 

were selected, and dredged sand was collected from the Pussur River. The collected sand was then prepared and 

analyzed for its geotechnical and chemical properties. Following this, the dredged sand was mixed with local 

Kustia sand at varying percentages. Marshall specimens were then prepared and tested using the Marshall 

Stability method. Based on the test results, the potential for the beneficial use and sustainable management of 

dredged material in construction applications was evaluated. 
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Figure 2. Sequential Steps 

3 Results and Discussion 

 

3.1 Geotechnical Properties of Dredged Sand 

The dredged sand sample had an in-situ water content of 26% and a specific gravity of 2.46. Sieve and 

Hydrometer Analysis determined the grain size distributions of the dredged sand. The sand was mainly poorly 

Graded Fine Sand. Fig. 3 shows that more than 90% of sediments consist of fine particles with a diameter less 

than 0.075 mm (#200).  

 
Figure 3. Particle Size Distribution Curve 

 

Table 3 presents the classification of dredged sand samples from three dumping sites using the Unified Soil 

Classification System (USCS), based on fineness modulus (FM), coefficient of uniformity (Cu), and coefficient 

of curvature (Cc). The FM values range from 0.67 to 0.81, indicating a relatively fine sand, with a slight decrease 

from the 1st to the 3rd site, suggesting a trend toward finer material downstream. The Cu values for all samples 

remain below 4, and the Cc values range between 0.92 and 1.19. Although the Cc values fall within or near the 

acceptable range of 1–3, the low Cu values confirm that the samples are poorly graded. As a result, all three sand 

samples are classified as SP, denoting poorly graded sand under the USCS. This classification implies a narrow 

range of particle sizes with limited interlocking potential, which may reduce natural compaction and shear 

strength. However, with proper compaction or stabilization techniques, such as the addition of lime or cement, 

these sands can still be effectively utilized in road construction applications (Gupta et.al., 2021). 

Fig. 4 shows the variation of dry density against different water contents. The maximum dry density varied from 

15.45 kN/m³, and the corresponding optimum moisture content was 14.20%, which is the typical value for poorly 

graded fine sand.  
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Table 3. Classification of soil samples based on uniformity and gradation coefficients (USCS) 

Dumping Site FM Cu Cc Group Symbol Group Name 

1st  0.81 2.21 1.19 SP Poorly graded sand 

2nd  0.74 2.28 1.03 SP Poorly graded sand 

3rd  0.67 2.19 0.92 SP Poorly graded sand 

 

 
Figure 4. Compaction Curve 

Direct shear strength tests were conducted for the dredged materials, and the results of cohesion (c) and angle of 

internal friction (φ) are presented in Table 4. Soil, classified as poorly graded fine sand (SP) with 27% water 

content, has limited natural suitability for road construction in its untreated state. However, with proper handling 

or stabilization, it can be made suitable for specific applications. 

 
Table 4. Shear characteristics of the dredged samples 

Property Value 

Soil Type Poorly graded fine sand (SP) 

Water Content 27% 

Cohesion (c) 2.2~2.6 kPa (non-cohesive) 

Angle of Internal Friction (φ) 28°–34° 
 

3.2 Marshall Specimen & Stability Test 

A standard Marshall stability test was performed using mixing id A (fresh fine Kushtia sand) first. The 

determined optimum bitumen content was 5.23%. The optimum bitumen content for all mixes was kept constant  

Figure 5 presents the results of a Marshall Stability Test for different asphalt mix designs. 

 

Stability Peaks at 15% Replacement (Mix C): The highest stability (3463.9 lb) was observed in Mix C with 

15% replacement, indicating improved strength up to this point. Beyond 15%, stability decreases, especially in 

Mix E (25%), which records the lowest stability (2954.6 lb), suggesting that too much replacement weakens the 

mix. It was observed that for 15% replacement with dredged sand, the unit weight was increased by a negligible 

amount, but the stability value increased by about 7%. This happened due to finer-dredged sand and mineral 

filler in the air void space. 

Flow Values Vary Slightly: Flow values remain within an acceptable range but tend to increase slightly at 25% 

replacement (8.92), indicating higher deformation and reduced stiffness.  The flow value dropped (7.25) until the 

percentage of dredged sand rose to 12%. After that, the value began to rise. Figure 1 shows that when the 

dredged sand percentage increases from zero to 10%, the flow value decreases from 8.37 (1/100 inch) to 7.67 

(1/100 inch).  
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Figure 5.1: Stability Graph with F.A. Replacement Figure 5.2: Stability Graph with F.A. Replacement 

 
 

4. Conclusions 

 

Dredged sand, often treated as waste, is gaining attention for reuse in construction due to growing waste 

management concerns. In this study, dredged soil from the Pussur River—classified as poorly graded sand with a 

fineness modulus of 0.67–0.81—exhibited average geotechnical properties. While naturally unsuitable for 

construction in its untreated form, it can be made viable through proper stabilization. Experimental results 

suggest that a 10% replacement of fine aggregate with dredged sand is optimal for flexible pavement, enhancing 

the performance of bituminous mixes. These findings highlight the potential of dredged sand as a valuable 

resource for sub-base, base, and asphalt layer applications in road construction. Moreover, the reuse of dredged 

material contributes to sustainable sediment management by reducing disposal challenges and promoting circular 

resource utilization. The outcomes of this study can serve as a reference for future research aimed at optimizing 

mix design parameters and long-term performance evaluation. Ultimately, this approach supports the broader 

goal of integrating environmental sustainability with infrastructure development. 
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