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Abstract—The scarcity of land suitable for new 

developments in urban areas is a growing problem in many 

countries. In Sri Lanka, open dumping has caused unsanitary 

landfills within major cities, and it is economically, socially, and 

environmentally desirable to rehabilitate them. Ground 

improvement is a significant step in the rehabilitation of 

landfills, and dynamic compaction (DC) is a commonly used 

method in treating heterogeneous fill materials such as 

municipal solid waste (MSW). In this study, MSW samples 

obtained from the Meethotamulla landfill site, Sri Lanka, 

subjected to DC under both saturated and unsaturated 

conditions, were tested using the Rowe cell apparatus. Their 

compressibility characteristics were established under four 

conditions: saturated-compacted, saturated-noncompacted, 

unsaturated-compacted, and unsaturated-noncompacted. The 

results of the analysis indicated that the improvement of density 

and compressibility characteristics of MSW due to DC is greater 

under the unsaturated condition. In addition, the results were 

compared with that of preloading. It was found that preloading 

is more effective in improving the compressibility of MSW 

under both saturated and unsaturated conditions.   

Keywords—MSW, Dynamic compaction, Preloading, 

Compressibility, Consolidation  

I. INTRODUCTION 

MSW, also referred to as trash, is a highly heterogeneous 
collection of solid waste produced by residences, workplaces, 
hotels, commercial shops, educational institutions, and other 
institutions. Food waste, paper, plastic, textiles, metal, and 
glass are the most common MSW constituents. However, 
often included in collected waste are demolition and 
construction waste as well as small amounts of hazardous 
refuse such lightbulbs, batteries, car parts, medications and 
chemicals. 

Sri Lanka generates approximately 7000 metric tons of 
solid waste every day, and on average, each person produces 
1-0.4 kg of waste per day [1]. Only half of the waste generated 
is collected by the local government, according to the Waste 
Management Authority and the Central Environmental 
Authority. In Sri Lanka, municipal waste is currently managed 
by 'open dumping,' with hardly any treatment by local 
authorities. Sri Lanka has several large-scale open dumpsites, 
such as Karadiyana, Bluemendhal, Meethotamulla, 
Kolonnawa, etc., which are highly unhygienic and 
unscientific. 

 The development and reuse of these lands covered by 
MSW is highly desirable from a social and environmental 
perspective. Land scarcity in urban areas is a growing problem 
in Sri Lanka, and as the open dumping sites are mostly located 
within major metropolitan areas such as Colombo, it is 
economically attractive to rehabilitate them. Moreover, 
because the value of lands covered by waste has often been 
lower than that of surrounding locations, waste sites may be 
appealing as an investment if the engineering parts of the 
development can be reliably addressed[2]. 

Ground improvement is a significant step in the 
rehabilitation of landfills, and preloading, stone columns, jet 
grouting, and dynamic compaction (DC)  are the commonly 
used techniques [3]. Owing to its simplicity of use, 
effectiveness, and  low associated costs, DC is the most 
prevalent ground improvement technique for MSW sites. [2]. 

Even though DC is commonly used, its effect on the 
compressibility characteristics of MSW needs to be 
established, especially under local conditions. Therefore, the 
key objective of this study was to assess the effectiveness of 
DC as a feasible technique for enhancing the compressibility 
characteristics of waste dumps. Waste samples were tested 
under both saturated and unsaturated conditions to determine 
the effect of moisture content on the DC of MSW. 
Furthermore, results were compared with that of preloading of 
MSW to assess the relative merits between DC and preloading 
in improving landfill sites. 

A. Settlement of MSW 

The characteristics such as inherent spatial variability, 
heterogeneity in composition, difficulty in characterization, 
and time-dependent properties in MSW make it one of the 
most challenging soil-like materials [2]. There are various 
complicated mechanisms of settlement that control the 
municipal solid waste fills due to their extreme heterogeneity, 
the large voids present in the initial waste fill, particle 
deformability, and their biodegradability [4]. Settlements of 
MSW are not as well understood as those of conventional soils 
and therefore are more challenging to assess.  

The settlement behaviour of MSW is often classified as 
occurring in several distinct phases [5]. 

 Primary compression of MSW occurs due to numerous 
physical compression actions of particles, such as bending, 
crushing, distortion, particle orientation, and consolidation. 



Physical compression occurs immediately after a load is 
applied, usually within a few days to a few weeks, and is a 
short-term phenomenon. 

 Secondary compression occurs after primary 
compression. Secondary compression happens in waste fill as 
a result of the biodegradation process, and this settlement 
might take years to complete depending on the many phases 
of waste that it contains. The solubilization and conversion of 
solid organic particles in MSW to methane and carbon dioxide 
is the process that results in the biodegradation components of 
secondary compression [6]. 

B. Dynamic Compaction (DC) 

Louis Menard, a late French engineer, invented dynamic 
compaction in 1969.DC is a technique for improving the 
ground by transmitting high-energy impacts. A conventional 
crane can be used to repeatedly lift and drop a pounder from a 
predetermined height in a grid to reach the maximum required 
depth of improvement.. Since cohesive soils absorb energy 
and limit the efficiency of the procedure, this method works 
best in porous, granular soils. 

There are previous studies done on the effect of moisture 
content on the DC of conventional soils. The densification 
efficiency can be highly affected by the variation of water 
content in a dynamic compaction procedure [7]. Large pore 
water pressures would be generated upon impact for relatively 
high moisture contents [7], and because part of the applied 
energy is absorbed by pore water [10], only minor 
densification would occur. Moreover, in saturated deposits, it 
would lead to local liquefaction around the impact zone [9]. 
Hence, it is not generally recommended to use dynamic 
compaction on soils with high degrees of saturation since it is 
considered to be less effective. [8].  

The use of DC for MSW densification can be a difficult 
task since the moisture condition of MSW fills is highly 
influenced by rain and cannot be expected to be optimal for 
compaction. [3]. Thus, it is crucial to consider the effect of  
DC on MSW under different moisture conditions. 

II. MATERIALS AND TESTING PROGRAM  

The MSW samples used in this research were 
collected from the Meethotamulla landfill in Sri Lanka, which 
had been in use for more than 20 years as a waste dump. Waste 
samples (Fig. 1, Fig. 2) were tested under four conditions: 
saturated-compacted, saturated-noncompacted, unsaturated-
compacted, and unsaturated-noncompacted. 

 

 

There were some limits on the maximum particle size in 
the preparation of the specimen. Typically, the largest particle 
size should be 1/6 of the specimen diameter. In this study, a 
Rowe cell of diameter 75 mm was used; therefore, the largest 
particle size should be about 12.5mm. Therefore, waste 
fragments that are larger than 12 mm were either removed or, 
where possible, broken and cut to make them fit inside the 
Rowe cell. 

A. Determination of Composition of the MSW  

    The waste classification framework proposed by Dixon 
and Langer [11] is used in this study based on the relevance 
to the nature of MSW in Sri Lanka. The composition of MSW 
is presented in table 1. 
    The subdivision of components in each material group 
based on shape-related attributes was not carried out in this 
research since fragments larger than 12mm were removed, 
broken, or cut to fit inside the Rowe cell during the specimen 
preparation. 

TABLE 1. COMPOSITION OF THE MSW SAMPLE 

 
 
 
 
 
 
 
 
 

B. Aspects of dynamic compaction apparatus 

A DC mechanism was arranged to simulate the field 
dynamic compaction in the laboratory, and MSW samples 
under both saturated and unsaturated conditions were 
compacted using the apparatus. 

A hume pipe of a diameter of 1.2 m and a height of 1.2 m 
was installed on the ground. The soil was placed inside to a 
height of 300mm in two layers and compacted. A hole of plan 
dimensions 400 mm x 400 mm and a depth of 200mm was 
made within the compacted soil in the Hume pipe to 
fill/compact the waste samples. Fig. 3 presents the 
arrangement for the dynamic compaction.  

An electromagnet and a pulley mechanism were used to 
achieve dynamic compaction by allowing the weight to fall 
freely(Fig. 4). A weight of 21 kg was dropped onto the waste 
pit from a height of 1 m. In order to achieve the compaction, 
the weight was dropped 20 times in the exact location. Weight 
was lifted to the top again by a rope. In a field operation, the 
weight would be dropped appropriate number of times in a 
grid pattern covering the area to be improved. Several cycles 
of dropping will be done by increasing the weight and height 
in later stages. 

The depth of improvement of MSW caused by DC can be 
estimated using; 

 � = �√�� (1) 

Where D is the depth of improvement (m), W is the weight 
of the pounder (tons), H is the drop height (m), and n is a 
coefficient that accounts for soil type, type of pounder, etc. 
[3]. Zekkos et al. [2] has suggested an n value of 0.4±0.05 for 
MSW regardless of age. Using this value, the achieved depth 

Material Type  % By Weight 

Soil like  67.2 

Paper/ Cardboard  0 

Flexible plastics 7.3 

Rigid Plastic/ Rubber  3.1 

Metals  0 

Glass, Minerals  14.9 

Wood, Textiles  3.7 

Miscellaneous  3.8 

Total 100 

Fig.1.  Saturated MSW sample Fig.2.  Unsaturated MSW sample 



of improvement was about 60 mm. As a sample thickness of 
about 30mm was to be used inside the Rowe cell, this 
improvement depth was adequate. 

After the dynamic compaction, samples were extruded 
using a cutter with a diameter of 75 mm. 

 

Fig. 3. Cross-section of the dynamic compaction arrangement 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

C. Testing of MSW Samples  

Rowe Cell of diameter 75 mm was used for performing 
compressibility tests. Test method with vertical single 
drainage under equal strain is closely related to traditional 
Oedometer tests, and settlement readings can be directly 
related to volume change measurement in the drainage line 
[12]. Therefore, vertical single drainage with equal strain test 
method is adopted for the testing.  

Four MSW samples were tested using the Rowe cell (Fig. 
5). Two samples were from the MSW subjected to dynamic 
compaction under the saturated/ unsaturated conditions and 
the other two samples were from the non-compacted 
saturated/unsaturated MSW. Two different loading sequences 
were implemented for the compacted and non-compacted 
samples. The compacted MSW samples were subjected to 
only loading and unloading increments, whereas the non-
compacted MSW samples were subjected to loading, 
unloading, and reloading increments. Reloading increments in 
the non-compacted samples would represent the behaviour of 
the MSW subjected to preloading. The compacted sample was 
not taken through the reloading increments. 

Finally, the results were analyzed to establish the 
characteristics related to compressibility, such as; 
compressibility index (Cc), recompression index (Cr) 
coefficient of volume compressibility (mv), coefficient of 

secondary compression (Cα), and coefficient of consolidation 
(Cv). Results were compared to assess the effect of dynamic 
compaction and preloading on compressibility characteristics 
of MSW under different moisture contents. 

 

 Fig.5. Sample loaded in the Rowe Cell and its main features 

III. RESULTS AND DISCUSSION 

A. Determination of Basic Parameters of MSW 

The densities of solid waste samples were determined in 
the prepared test pit using the water replacement method 
before and after compaction. Laboratory specific gravity tests 
were conducted using a pycnometer with a volume of 1000ml 
and generally followed the ASTM D854 standard for soil 
testing to estimate the specific gravity. The moisture content 
of specimens obtained from four samples was determined 
using the air-dried method. The basic parameters of MSW are 
presented in Table 2. 

TABLE 2.  BASIC PARAMETERS OF MSW 

Test 

Set 

Sampling 

Details  

Moisture 

Content 

(%) 

Specific 

Gravity 

Bulk 

Unit 

Weight 

(kg/m3) 

Dry 

Unit 

Weight 

(kg/m3) 

1  Saturated- 
Compacted 

 67.0% 

 
2.08 

1772.96 1061.65 

2 Saturated- 
Noncompacted  

 71.2% 1427.76 834.95 

3 Unsaturated- 
Compacted  

 16.1% 1517.65 1307.19 

4 Unsaturated- 
Noncompacted 

 16.4% 977.35 839.65 

 

The improved dry densities of the samples due to DC are 
27.1% and 55.7% of their non-compacted dry densities for 
saturated and unsaturated samples, respectively. As the 
percentage of improved dry density of unsaturated soils is 
about two times that of saturated soils, dynamic compaction is 
more effective in the densification of unsaturated landfills 
than saturated ones. These results agree with the previous 
studies done on DC of conventional soils. It can be considered 
that the generation of large pore water pressures and local 
liquefaction upon impact cause lesser effectiveness of the 
dynamic compaction, and only minor densification is 
achieved in MSW with high moisture content. However, 
waste fills can be generally considered unsaturated as they are 
usually designed to be above the phreatic line [3]. When the 
fill is unsaturated, the dynamic energy will be transferred 
directly to the waste material, causing rapid compaction. 

Fig.4.  Free falling of the weight and lifting up by rope 

1-Dial gauge 
2-Dial gauge 
support system 
3-Diaphragm 
pressure system 
4-Back pressure 
system  
5-Air bleed plug 
6-Settlement 
drainage rod 
7-Cell top 
8-Cell base 
9-Rim drain valve 
10-Pore pressure 

system  



B. Variation of Compression index (Cc) and Recompression 

Index (Cr) 

The void ratios of the samples were calculated with the 
estimated average specific gravity, and plots were drawn to 
compute compressibility indices. Fig. 6 presents the e vs. 
log(σ) curves of the four samples. The indices computed using 
e vs. log (σ) graph are presented in Table 3. 

 

 
Fig.6. e vs log (σ) curves for the four MSW samples 

 
TABLE 3. COMPRESSION INDEX AND RECOMPRESSION INDEX 

VALUES 

Test Set 

Values of 

compression index 

(Cc) 

Values of 

recompression 

index (Cr) 

Test 1 (Saturated-
Compacted) 

0.2044 - 

Test 2 (Saturated-
Noncompacted) 

0.4110 0.0427 

Test 3 (Unsaturated-
Compacted) 

0.1327 - 

Test 4 (Unsaturated-
Noncompacted) 

0.3340 0.0396 

 
The compression index of MSW subjected to DC has been 

reduced to about 50 % of that of the non-compacted MSW in 
the saturated sample and 40% in the unsaturated sample. The 
settlement reduction caused by DC in unsaturated soils is 
somewhat higher than in saturated soils.  

However, the recompression indexes of the non-
compacted samples were only about 10% of their compression 
indexes under both moisture conditions. The Cr values 

correspond to the compression behaviour of a preloaded solid 
waste. The much-reduced Cr values suggest that the reduction 
of settlement of MSW achievable by preloading is much more 
significant than that attainable through dynamic compaction 
under both saturated and unsaturated conditions. 

C. Variation of  Coefficient of Volume Compressibility 

(mv) 

The coefficient of volume compressibility (Fig. 7) values 
reduced as the effective stress increased in all four samples 
under the loading conditions. In contrast, they rose as effective 
stress increased under the reloading conditions in non-
compacted samples. Furthermore, mv values of compacted 
samples are less than that of non-compacted soils in both 
saturated/unsaturated MSW samples. However, the reduction 
of mv due to DC is higher in the unsaturated sample.  

The mv values of non-compacted samples were 
substantially lower than those of compacted samples during 
reloading increments. These values approached the values of 
the compacted samples as the over consolidation ratio 
approached unity. These findings suggest that, when 
compared to DC, preloading reduces the compressibility of 
solid wastes considerably. 

 

 
Fig.7. Variation of coefficient of volume compressibility 

D. Variation of Coefficient of Secondary Consolidation (Cα) 

      The settlement plots (Fig. 8) of MSW do not exhibit a 
decrease in gradient with time, as found in inorganic clays. 
The curves are much similar to those of peaty clay, indicating 
that MSW samples exhibit high secondary consolidation 
settlements. Settlements in the saturated samples are fairly 
larger than those in unsaturated samples. 
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Coefficient of secondary consolidation (Cα) values for 
different loading/ reloading stages of the four samples are 
presented in Fig 9. The secondary consolidation coefficients 
were much smaller than those of peaty clay.  

 
 In general, as the effective stress increased with the 

loading increments, Cα values rose. However, it can be 
observed that Cα values have experienced a sudden drop with 
higher effective stresses in saturated compacted sample and 
unsaturated noncompacted sample during loading. The DC 
process has caused a considerable decline in the Cα values in 
both saturated and unsaturated MSW, but the improvement in 
secondary consolidation reduction is higher in unsaturated 
soils.   

The preloading process has also caused a considerable 
decrease in secondary consolidation settlement of MSW. The 
Cα values were substantially lower in reloading increments 
with larger over consolidation ratios (lower stress levels) than 
in compacted samples. As the over consolidation ratio 
approached unity in reloading increments, Cα values were 
increased. 

The results of this study indicate that preloading is better 
at treating the secondary settlement of MSW than DC. 
However, according to Lewis et al. [13], preloading proved 
less successful than DC in reducing landfill secondary 
settlement rates. In their study, Cα for MSW treated by DC 
ranges from 0.0153 to 0.0513, with an average value of 
0.0313, while Cα for MSW treated by preload/surcharge 
ranges from 0.0529 to 0.0817, with an average value of 
0.0657. These values are higher than those observed during 
this study in saturated/unsaturated samples. This might be due 
to the higher proportion of organic content in the landfill 
material used in their research. 

There can be numerous additional reasons for the contrast 
in results, such as the difference in the degradation levels of 
the waste fills, the composition of the wastes, and the degree 
of saturation of the fill. The concept of optimum moisture 
content is valid for the DC of conventional soils [7], and it 
appears to be applicable for MSW as well. Hence further 
studies should be conducted under different degrees of 
saturation of MSW to validate the concept of optimum 
moisture content for DC of MSW. 

E. Variation of Coefficient of Consolidation (Cv) 

The coefficient of consolidation is a necessary parameter 
for predicting the settlement rate of landfills. The results of the 
laboratory consolidation tests were used here to establish the 
values of the coefficients of consolidation (Cv) of the four 
samples.  

Casagrande's logarithm of time fitting method and Taylor's 
square root of time fitting method are two extensively applied 
techniques for determining the Cv values in soil engineering. 
However, as the shapes of the settlement curves did not 
conform to the standard shapes proposed by Casagrande and 
Taylor, the rectangular hyperbola method [15] and velocity 
method [14] were used as alternative methods.   

Fig. 10 and Fig. 11 present the variation of Cv values 
obtained.  
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Cv values of both methods show the same trend on 
increasing stress levels. These Cv values are much greater than 
those observed for soils. The higher Cv values indicate that the 
pore pressure dissipation during an improvement process 
would be quite rapid. 

The rectangular hyperbola method does not show 
noteworthy variation in results under different moisture 
conditions and compaction. However, the improved velocity 
method displays reduced Cv values through all effective 
stresses in compacted samples compared to the non-
compacted ones.   

IV. CONCLUSION  

The development of landfills located close to urban areas 
can be an economic, social, and environmental solution to the 
scarcity of land in many metropolitan cities worldwide. The 
unhygienic and unsafe practice of open dumping has created 
waste dumps within major cities in Sri Lanka. Local 
authorities are now interested in rehabilitating those in order 
to convert them to be used as parks, roads, or many other 
construction projects. 

Preloading and dynamic compaction are possible methods 
for reducing the compressibility of waste material. In this 
study, the effectiveness of both methods was evaluated and 
compared for MSW under saturated and unsaturated 
conditions. 

The improved dry densities due to DC are 27.1 % and 55.7 
% of their non-compacted dry densities for saturated and 
unsaturated samples, respectively. Because unsaturated soils 
have a higher enhanced dry density than saturated soils, it can 
be concluded that dynamic compaction is more efficient in 
densifying unsaturated landfills than saturated landfills. 

The Cc values of MSW subjected to DC showed about 50 
% and 40% reduction compared to non-compacted MSW in 
the saturated and unsaturated samples, suggesting DC is more 
effective in reducing the compressibility under unsaturated 
conditions of landfills. However, the Cr of the non-compacted 
samples were only about 10% of their Cc values under both 
moisture conditions. This indicated that preloading is more 
effective compared to DC in reducing the settlement of MSW. 
Similarly, graphs of mv and Cα also illustrated that, although 

DC is more productive under unsaturated conditions, 
preloading is better at reducing primary and secondary 
consolidation settlements under both degrees of saturation. 

According to the results of this study, it can be considered 
that preloading is better at reducing the settlements of waste 
fills. However, the effectiveness of DC depends on the 
moisture content of the MSW, and previous studies done on 
DC in conventional soils have shown that the concept of 
optimum moisture content is applicable to the DC process. 
Thus, future studies can be done by DC of MSW in different 
degrees of saturation. Furthermore, the results can be different 
under various landfill environments, compositions, and 
degrees of degradation of waste. 
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 Fig 11. Variation of Cv using improved velocity method 


