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risks of further negative environmental and social consequences. 
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overview of the dredging industry and regulatory outlines, 
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hardening or thixotropy behavior, an inherent property of the soil 
which could be expeditious for reclamation works. It would serve 
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soils, sparking ideas and innovations to transform the otherwise 
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Preface
This book sheds some light on the often neglected geowaste from 
our waters, the dredged marine soils. Extracted in large volumes 
with no discernible reuse plan and management, the soils are 
disposed-off in designated dumpsites inland or offshore, inevitably 
raising marine environmental and safety concerns. It is, therefore, 
necessary to explore the possible reuse of dredged marine soils in 
an engineered, informed manner to mitigate any risks of further 
negative environmental and social consequences. The chapters 
are arranged in such a way as to give readers an overview of the 
dredging industry and regulatory outlines, followed by the 
material’s characterization and time-dependent hardening or 
thixotropy behavior, an inherent property of the soil which could 
be expeditious for reclamation works. It would serve as a peeping 
hole into the latent potential of the dredged marine soils, sparking 
ideas and innovations to transform the otherwise geowaste into a 
worthy construction material.
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ix

Prologue
In this compilation of research work on the dredged marine soils 
from Malaysian waters, readers are given an overview of the dredging 
processes, machinery, related rules, and legislation, as well as an 
impact on the environment as the consequences of dredging and 
disposal of the dredged materials. It is followed by a characterization 
study of the soils, especially in terms of physical and chemical 
properties, which significantly influence the resulting engineering 
responses. Focus is next directed at the time-dependent self-
hardening mechanism or thixotropic hardening of the fine-grained 
dredged marine soils, i.e., clay and silt, which could potentially be 
adopted as an improvement technique for strength and stiffness 
enhancement on site. In a nutshell, this book lays down the 
fundamental engineering characteristics, background, and context 
for reusing dredged marine soils from Malaysian waters.
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1.1	 Background

The excavation of dredged marine soils (DMS) in the open channel 
is termed dredging activity. This activity is required to satisfy various 
needs of marine infrastructure especially, such as maintenance, 
navigation, mining, construction, and environmental improvement 
works (Bray et al., 1997). DMS are geomaterials that may comprise 
rock, clay, organic matter, and other debris gathered through 
dredging (Dubois et al., 2008).

According to Jong & Chan (2013), DMS is generally considered as 
geo-waste. Hence, it is dumped rather than reused. However, the 
successful reuse of DMS as backfill material for land reclamation 
projects has been reported, including Port of Brisbane in Australia, 
Tokyo Haneda Airport in Japan, and Changi East in Singapore 
(Ganesalingam et al., 2013; Watabe & Noguchi, 2011; Arulrajah 
et al., 2008). Ironically, in Kuala Perlis, Malaysia, approximately 
300,000 m³ of DMS was removed from the seabed and dumped 
on an offshore site as part of maintenance dredging work (Salim et 
al., 2012).

Dredged cohesive soils are high in compressibility and water 
content but low in load-bearing capacity and permeability. If certain 
structures or development were erected on top of these poor and 
unimproved made ground, it would risk excessive and non-uniform 
settlements due to consolidation, as reported by Ganesalingam et 
al. (2013) as well as Rajasekaran & Rao (2002). Conventionally, 
similar soft soils can be chemically improved by adding pozzolanic 
additives, e.g., hydraulic binders like cement and lime (Xiao & 

Introduction to dredging and dredged 
marine soils

M. Zawawi Rosman
Chee-Ming Chan

Chapter 1
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2.1	 Introduction

This chapter has two main parts: i) developing an environmental 
management framework and ii) verification of the framework’s 
applicability. The development of the environmental management 
framework is explained in the first part of this chapter. The second 
part describes verification of the framework applicability by using 
actual data of characterization and assessment of dredged marine 
sediments (DMS) from Lumut (LT), Melaka (MM), Tok Bali (TB), 
and Pasir Gudang (PG).

2.2	 Developing an environmental management framework

2.2.1	 Overview

An environmental management framework was developed by 
referring to the London Convention-Dredged Material Assessment 
Framework, Helsinki Commission (HELCOM) Guidelines for 
the Disposal of Dredged Material at Sea and Oslo-Paris (OSPAR) 
Guidelines for the Management of Dredged Material (LC, 1972; 
HELCOM, 2007 and OSPAR, 2009). The proposed framework is 
essentially an adaptation of these existing established guidelines in 
accordance with the Malaysian context. This framework is used as 
guidance for evaluating the potential sustainable reuse of Malaysian 
DMS. The environmental management framework for Malaysian 
DMS is developed and shown in Figure 2.1. Components in this 
framework are discussed in detail in sections 2.2.2 and 2.2.2.1-
2.2.2.6.

Physical, chemical and biological 
properties of dredged marine soils

Zarina Shahri
Chee-Ming Chan

Chapter 2
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3.1	 Introduction

In this study, the changes in shear strength of the Marina Melaka 
DMS were monitored via vane shear test, while the stiffness was 
measured using the bender element test. The fall cone test was 
conducted as a complementary measurement to relate the strength 
and stiffness change over time. Results of the experimental work 
are analyzed, presented, and discussed, including correlations 
established between the relevant parameters. The DMS sample 
was remoulded and admixed with different water contents in the 
multiples of the soil’s liquid limit (LL), i.e., 0.75, 1.00, and 1.25 LL. 
These remoulded samples were then left to age, while measurements 
were performed at predetermined intervals to assess the changes in 
strength and stiffness with time. This is also known as thixotropic 
hardening of the soil.

3.2	 Undrained Shear Strength of Dredged Marine Clay

A Vane shear (VS) test was conducted on the dredged marine clay 
due to the exceptionally soft nature of the samples. Measurement of 
the undrained shear strength (cu) was conducted for up to 7 days. 
The results are as plotted in Figure 3.1. Firstly, it can be seen that cu 
gradually increased with elapsed time. Secondly, the measurement of 
undrained shear strength at 0.75LL produced a much higher value 
of undrained shear strength compared to samples at 1.00LL and 
1.25LL. According to Seng et al. (2012), the increase in strength is 
caused by the thixotropic behaviour which results in self-hardening 
with time. Thirdly, based on results obtained in the preliminary 
tests, VS test was found to have a limitation in detecting very small 

Thixotropic hardening of dredged 
marine clay: Marina Melaka, Melaka

Chin-Fah Chu
Chee-Ming Chan

Chapter 3
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4.1	 Introduction

This chapter discusses the test results on the thixotropic and lightly 
induced solidification hardening behaviour of a high plasticity clay 
(CH) dredged from Tok Bali, Kelantan. The main focus of the 
study is to evaluate the strength and stiffness gain as a result of the 
thixotropy effect, or both thixotropy and cementation.

4.2	 Cone Penetration Resistance

Thixotropic hardening behaviour of dredged marine clay was 
determined by fall cone test (FC), vane shear test (VS), and bender 
element test (BE) at water contents of 0.75LL, 1.00LL, and 1.25LL, 
where LL is the liquid limit of the soil. Figure 3.1 shows the 
variation of the cone penetration depth in the soil as a function of 
time. Generally, plots of the soil with different water contents seem 
to be parallel to each other. From the figure, it was observed that 
the cone penetration decreased as time passed. This is due to an 
increased load resistance of the soil as a result of self-hardening with 
time or the thixotropic effect.

Figure 4.1, it can be seen that the soil with natural water content, 
which is 1.89LL, recorded the highest cone penetration depth. This 
indicates that the shear resistance of the soil at high water content 
is low and more vulnerable to shear failure as the cone penetrates 
the soil. However, although the cone penetration depth for 1.89LL 
decreased as time passed, this improved resistance was not visible 
till after a couple of days. This can be attributed to ‘bleeding,’ 

Thixotropic hardening of dredged 
marine clay: Tok Bali, Kelantan

Hui-Yen Ng
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5.1	 Introduction

This chapter presents test results of a dredged marine soil (DMS) 
remoulded at water contents of 0.90, 1.25, and 1.81LL, where LL 
is the liquid limit of the soil as explained in earlier chapters. The 
samples were then subjected to the vane shear (VS) and fall cone 
(FC) tests to assess the improved shear strength over time, i.e., self-
hardening or thixotropy of the soil. A comparative study was carried 
out with the same soil sample admixed with small cement dosages 
to achieve light solidification and to examine the shortened time to 
attain improved shear strength. The cement dosages added were 1, 3, 
and 5 %. Complementary measurements of P- and S-wave velocities 
using the bender element test system (BE) were also performed for 
the cement-treated samples, which were then used to estimate the 
small strain bulk and shear stiffnesses of the soil under induced 
solidification.

5.2	 Natural Dredged Marine Soil (DMS) Behaviour

5.2.1	 Shear Strength of Natural DMS

The test samples consist of 3 different water contents (w), namely 
0.90LL (w = 49.06%), 1.25LL (w = 68.14%) and 1.81LL (w = 
98.66%). The test results for 0.90LL and 1.25LL were successfully 
recorded, but the 1.81LL samples were too soft for shear strength 
measurements. The laboratory vane shear (VS) apparatus did not 
show any reading as the blades of the vane failed to engage with the 
weak soil medium. Hence the shear strength could not be more 
than 20 kN/m2, which was the spring capacity of the test setup.

Thixotropic hardening of low plasticity 
dredged marine silt: Tok Bali, Kelantan

Adib Syazwan Ahmad Sakri
Chee-Ming Chan

Chapter 5
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6.1	 Introduction

This chapter presents the test data analysis and discussions on a 
dredged soil sample of high plasticity silt remoulded at water contents 
(w) in the multiples of the soil’s liquid limit (LL), i.e., 1.76LL, 
0.90LL, and 1.25LL. Examination of the time-dependent natural 
hardening of the material, also known as thixotropic hardening, 
was carried out. A separate set of test specimens were examined by 
adding 1-5% cement for induced solidification. This was primarily 
to serve as a comparison between thixotropic hardening and induced 
solidification effects on the same dredged soils for potential reuse. 
Both the strength and stiffness improvement were monitored in the 
present work via vane shear and fall cone tests for the former and 
bender element measurements of P- and S-wave velocities for the 
latter.

6.2	 Natural Dredged Marine Soil (DMS) Behaviour

6.2.1	 Shear Strength of Natural DMS

3 samples were prepared for the analysis, which consists of samples 
with water content of 0.90LL (w = 64.8 %), 1.25LL (w = 90 
%) and 1.76LL (w = 126.49 %). The vane shears instrument 
was adopted to determine the undrained shear strength of the 
DMS. Referring to Seng and Tanaka (2012), the vane shear test is 
considered an appropriate method to determine soils of low shear 
strength, though there is a limit, too, i.e., undrained shear strength 
no lower than 20 kPa. For instance, the shear strength of the 1.76LL 

Thixotropic hardening of high plasticity 
dredged marine silt: Tok Bali, Kelantan

M. Nazri Mohd Yusof
Chee-Ming Chan

Chapter 6

Engineered reuse water 1.indd   133Engineered reuse water 1.indd   133 12/9/2022   2:19:08 PM12/9/2022   2:19:08 PM



155

BIBLIOGRAPHY

Abdullah, N. & Sulaiman, F. The Oil Palm Wastes in Malaysia. In: 
Matovic, M.D. (Ed). Biomass Now – Sustainable Growth 
and Use. InTech. pp. 75-100; 2013. 

Arulrajah, A., Bo, M. W., & Nikraz, H. Case Study of the Changi 
East Land Reclamation Project, Singapore. Proc. of the 6th 
International Conference on Case Histories in Geotechnical 
Engineering. Arlington. 2008. pp. 1-12

Azhar, A., Chan, C. M., & Karim, A. T. A. (2014). Solidification of 
Dredged Marine Soils: Strength Improvement. Electronic 
Journal of Geotechnical Engineering, 19, pp. 8797-8805.

Babasaki, R., Terashi, M., Suzuki, T., Maekawa, A., Kawamura, 
M.& Fukazawa, E. (1996). Japanese Geotechnical Society 
Technical Committee Reports: Factors Influencing the 
Strength of Improved Soil. Proc. of the 2nd International 
Conference on Ground Improvement Geosystems. Vol. 2. 
pp. 913-918. 

Balchand, A. N. & Rasheed, K. Assessment of Short Environmental 
Impact on Dredging in a Tropical Estuary. Terra et Aqua. 
2000. 79: 16-26.

Bo, M. W. & Choa, V. (2004). Reclamation and Ground 
Improvement. Singapore: Thomson Learning.

Bortone, G. & Palumbo, L. Sustainable Management of Sediment 
Resources: Sediment and Dredged Material Treatment. 
Oxford: Elsevier B. V. 2007.

Bray, R. N. & Cohen, M. Dredging for Development. The 
Netherlands & Tokyo: International Association of 
Dredging Companies (IADC) & International Association 
of Ports and Harbors (IAPH). 2010 

Bray, R. N. Environmental Aspects of Dredging. AK Leiden, The 
Netherlands. Taylor & Francis. 2008.

Engineered reuse water 1.indd   155Engineered reuse water 1.indd   155 12/9/2022   2:19:13 PM12/9/2022   2:19:13 PM



156

Bray, R. N., Bates, A. D., & Land, J. M. Dredging: A Handbook 
for Engineers. 2nd Ed. Woburn: Butterworth-Heinemann. 
1997

Budhu, M. Soil Mechanics and Foundations. United State of 
America (USA): John Wiley & Sons Inc. 2007

Bushra,L. & Robinson,R.G. Strength Behaviour of Cement 
Stabilised Marine Clay Cured Under Stress. Indian 
Geotechnical Conference. Mumbai. 2010. Pp. 601-604. 
Butterworth-Heinemann. 1997

Chan, C. M. & Robani, R. (2008). Alternative Aggregates from 
Clay-POC: An Exploratory Study. Proc. of International 
Conference on Construction and Building Technology, 38, 
pp. 423-432.

Chan, C. M., Mizutani, T., & Kikuchi, Y. (2011). Reusing Dredged 
Marine Clay by Solidification with Steel Slag: A Study of 
Compressive Strength. International Journal of Civil and 
Structural Engineering, 2(1), pp. 270-279.

Chester, R. & Jickells, T. D. Marine Geochemistry.3rd Ed. Hoboken: 
Wiley-Blackwell. 2012.

Dubois, V., Abriak, N. E., Zentar, R. & Ballivy, G. (2009). The Use 
of Marine Sediments as a Pavement Base Material. Waste 
Management, 29, pp. 774-782

Duke Energy (2016). Recycling and Reusing Coal Ash. Retrieved 
from http://www.duke- energy.com

Ganesalingam, D., Ameratunga, J., & Schweitzer, G. Land 
Reclamation on Soft Clays at Port of Brisbane. Proc. of 
the 18th International Conference on Soil Mechanics and 
Geotechnical Engineering. Paris: Technical Committee 
214. 2013. pp. 2941-2944 

Gullu, H. (2014). Factorial Experimental Approach for Effective 
Dosage Rate of Stabilizer: Application for Fine-Grained Soil 
Treated with Bottom Ash. Soils and Foundations, 54(3), 
pp. 462-477.

Engineered reuse water 1.indd   156Engineered reuse water 1.indd   156 12/9/2022   2:19:13 PM12/9/2022   2:19:13 PM



157

Jaritngam, S. & Swasdi, S. (2006). Improvement for Soft Soil by 
Soil-Cement Mixing. Soft Soil Engineering, pp. 637-640.

Jong, S. Y. & Chan, C. M. (2013). The Fundamental Compressibility 
Characteristics of Solidified Dredged Marine Soil. Proc. of 
the 12th International UMT Annual Symposium. Malaysia: 
UMT. pp. 597-603

Karim, M. R., Hossain, M. M., N. Khan, M. N., M. Zain, M. 
F., Jamil, M. & Fook, C-L. (2014). On the Utilization of 
Pozzolanic Wastes as an Alternative Resource of Cement. 
Journal of Materials, 7, pp. 7809-7827.

Kim, Y. T. & Do, T. H. (2012). Effect of Bottom Ash Particle Size 
on Strength Development in Composite Geomaterial. 
Engineering Geology, 139-140, pp. 85-91. 

Manap, N. & Voulvoulis, N. Environmental Management for 
Dredging Sediments: The Requirement of Developing 
Nations. Journal of Environmental Management. 2015. 
147: 338-348.

Manasseh, J. (2010). A Review of Partial Replacement of Cement 
with Some Agro-Wastes. Nigerian Journal of Technology, 
29(2), pp. 12-20.

Marto, A., Hassan, M. A., Makhtar, A. M. & Othman, B. A. 
(2013). Shear Strength Improvement of Soft Clay Mixed 
with Tanjung Bin Coal Ash. APCBEE Procedia of ICESD. 
Dubai: Elselvier. 116-122.

Munshi, S., Dey, G. & Sharma, R. P. (2013). Use of Rice Straw 
Ash as Pozzolanic Material in Cement Mortar. IACST 
International Journal of Engineering and Technology, 5(5), 
pp. 603-606. Ocean Engineering, 29, pp. 545-559

Pakbaz, M. S. & Alipour, R. (2012). Influence of Cement Addition 
on the Geotechnical Properties of an Iranian Clay. Applied 
Clay Science, 67-68, pp. 1-4. Proc. of Indian Geotechnical 
Conference. Kochi: Indian Geotechnical Society. 2011. pp. 
41-44

Engineered reuse water 1.indd   157Engineered reuse water 1.indd   157 12/9/2022   2:19:13 PM12/9/2022   2:19:13 PM



158

Raheem, A. A., Olasunkanmi, B. S. & Folorunso, C. S. (2012). Saw 
Dust Ash as Partial Replacement for Cement in Concrete. 
International Journal of Organization, Technology and 
Management in Construction, 4(4), pp. 474-480.

Rahman, M. E., Leblouba, M. & Pakrashi, V. (2014). Improvement 
of Engineering Properties of Peat with Palm Oil Clinker. 
Pertanika Journal of Science & Technology, 22(2), pp. 627-
636.

Rajasekaran, G. & Rao, S. N. (2002). Compressibility Behaviour 
of Lime-Treated Marine Clay. Kim, Y. T. & Do, T. H. 
(2012). Effect of Bottom Ash Particle Size on Strength 
Development in Composite Geomaterial. Engineering 
Geology, 139-140, pp. 85-91.

Ramezanianpour, A. A. (2014). Cement Replacement Materials: 
Properties, Durability, Sustainability. London: Springer.

Robani, R. & Chan, C-M. Reusing Soft Soils with Cement-Palm 
Oil Clinker (POC) Stabilisation. International Conference 
on Engineering and Education in the 21st Century. 2009. 
pp. 1-4.

Salim, W. S. W., Sadikon, S. F., Salleh, S. M., Noor, N. A. M., 
Arshad, M. F., & Wahid, N. (2012). Assessment of Physical 
Properties and Chemical Composition of Kuala Perlis 
Dredged Marine Sediment as a Potential Brick Material. 
2012 IEEES Symposium on Business, Engineering and 
Industrial Applications, 23-26, p.p 509-512

Schipper, C. A. (2009). Assessment of Effects of Chemical 
Contaminants in Dredged Material on Marine Ecosystems 
and Human Health. Wageningen University: Ph.D Thesis.

Shahri, Z. & Chan, C-M. (2015). On the Characterization of 
Dredged Marine Soils from Malaysian Water: Physical 
Properties. Environment and Pollution, 4(3), pp. 1-9.

Smolar, J., Mladenovic, A. & Petkovsek, A. Stabilization of Soft 
Marine Sediments from the Port of Koper (Slovenia). 5th 
International Young Geotechnical Engineers Conference 
2013. Paris. 2013. pp.1-4

Engineered reuse water 1.indd   158Engineered reuse water 1.indd   158 12/9/2022   2:19:13 PM12/9/2022   2:19:13 PM



159

Soh, K. L. (2016). The Potential of the Malaysian Oil Palm Biomass 
as a Renewable Energy Source. Energy Conversion and 
Management, Article in press, pp. 1-14.

Wang, D., Abriak, N. E. & Zentar, R. (2013). Strength and 
Deformation Properties of Dunkirk Marine Sediments 
Solidified with Cement, Lime and Fly Ash. Engineering 
Geology, 166, pp. 90- 99.

Watabe, Y. & Noguchi, T. New Challenge in D-Runway 
Construction of Tokyo Haneda Airport.

Xiao, H. W. & Lee, F. H. (2008). Curing Time Effect on 
Behavior of Cement Treated Marine Clay. International 
Journal of Civil, Environmental, Structural, Construction 
and Architectural Engineering, 2(7), pp. 144-151

Yell, D. & Riddell, J. Institution of Civil Engineers (ICE): Dredging. 
Thomas Telford. 1995

Zentar, R., Dubois, V. & Abriak, N. E. (2008). Mechanical 
Behaviour and Environmental Impacts of a Test Road Built 
with Marine Dredged Sediments. Resources, Conservation 
and Recycling, 52, pp. 947-954.

Engineered reuse water 1.indd   159Engineered reuse water 1.indd   159 12/9/2022   2:19:13 PM12/9/2022   2:19:13 PM



161

Epilogue
This book has presented a general background for dredging works 
in Malaysian waters and the engineering characteristics expected 
of the dredged marine soils, which are essentially not very much 
different from inland fine-grained soils. An examination of the time-
dependent thixotropic hardening of clay and silt sediments was also 
included, indicating the effective yet time-consuming self-treatment 
possible for these materials reused in reclamation, for instance. 
All in all, the dredged marine soils were potentially reusable with 
suitable recommended pre-treatment.
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