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ABSTRACT: The life of a landfill is dependent on compaction and shear strength properties of the domestics in relation to the landfill 

slopes. The shear strength of domestic waste collected from Johannesburg landfill site was investigated.  The compaction 

characteristics i.e. optimum moisture content (womc), and maximum dry density (γmdd) as well as the shear strength parameters of the 

bulk and reconstituted waste mass were investigated in the laboratory. The result of series of modified proctor compaction revealed 

that the density of waste mass in dependent on the relative constitution of organics.  Waste mass constituted of 50% of organics, 

yielded the maximum densities. Maximum density of waste mass decreased with percentage of plastic and waste mass constituted of 

more than 20% plastics was not compactible. The friction angle of reconstituted waste decreased with increase in the percentage of 

plastics and for waste mass with greater than 5% plastic by mass, increase in moisture can threaten the stability of the landfill as the 

friction angle decreased to values close to zero. Thus recycling by separation at source and informal scavenging should be used to 

control the plastic component of the waste stream  
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1  INTRODUCTION.  

 

The major landfills in COJ are Marie Louise, Ennerdale, 

Goudkoppies and the oldest, Robinson Deep. The 2009/10 

figures, indicate that Marie Louise and Ennerdale show a 

decline in waste disposal rates while Goudkoppies maintains a 

steady rate. Robinson Deep however shows a slight increase in 

its deposition rate. The combined total available airspace and 

life spans for all 4 major operating sites of the CoJ is currently 

less than 40 years (CoJ, 2008) and therefore strategies for final 

capping has to be considered. (Pikitup, 2010a and CoJ, 2008). 

All the four landfills are maintained at slope angles 

approximately 1:3. (CoJ, 2008). Intermediate and final capping 

control gas migration and provide a road base. Soils used for 

capping must have strength and the required degree of 

impermeability. Typically, a daily capping of 15 cm of 

compacted soil was used. The application of cover over the 

waste on a daily basis controls the generation of nuisances and 

hazards to the operators and to the public. Because Robinson 

Deep is now surrounded by small industries and commercial 

buildings, there is tendency to continue to pile up waste but this 

could result in landfill instability.    

 

 

1.1Literature Review 

The moisture content and shear strength of the compacted waste 

mass are two major determinant of the stability of landfills.  .  

The factors affecting the shear strength of MSW include stress 

and strain path, waste composition, waste fiber orientation, unit 

weight, organic content, loading rate and the apparatus size 

(Bray 2008). Kavazanjian (1995) estimated that the drained 

strength  of domestic waste ranged from 0-16 kPa cohesion 

and 0°-33° range internal friction angle. Balmer (1989) 

conducted a vane shear test and reported shear strength ranged 

from 50 to 100 KPa and the angle of friction to be 40
0 

- 45
0.

 

 Direct shear (DS), Simple shear (SS) and Triaxial (TX) tests 

are the most commonly used tests to characterize the shear 

strength of a material in the laboratory. There is a large 

variability in shear strength of MSW reported in published 

studies as a result of differences in method and techniques use 

to assess the shear strength as well as the location. For example 

cohesion values vary from 0 to 80 kPa and friction angles from 

0˚ to 60 ˚ and dry unit weight vary from 5 kN/m2 to 17.3 kN/m2 

(Bray, et al., 2009; Huvaj-Sarihan, 2008). The small-scale shear 

test of MSW usually requires that waste mass be cut into 

smaller size or all waste bigger than the required size be 

removed ( Zekkos, et al., 2010). (Athanasopoulos, 2010; ).The 

heterogeneity and structure of waste mass is such that for the 

sample range of larger materials (particles > 20 mm) and 

smaller materials (particles < 20 mm), a large variety of shear 

test apparatus is needed to accommodate the different particle 

sizes.  

The time difference between placement of MSW at bottom

 of landfill and at top of landfill typically spans several de

cades and thus the levels of decomposition of MSW betwe

en these two parts of the landfill are expected to be differe
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 nt (Gabr et al. 2000). Based on the insitu tests that entails 

sand replacements for waste mass, Matasovic and Kavazanj

ian (1998), also showed that the values of Poisson’s ratio a

t deeper portions of the landfill were greater than those loc

ated closer to the surface.  

The major objectives of the current study were to determine the 

compaction and shear strength properties of as received and 

reconstituted municipal solid waste mass MSW. The potential 

effect of aging on shear strength was however not evaluated at 

this stage.  

 

1.2Methodology 

 

1.2.1 Laboratory Tests 

 

For this study, MSW were obtained from Robinson Deep 

landfill. Averages of six bags of estimated 50 kg were collected 

from each pit dug in the landfill. Pits were dug at randomly 

selected places to obtain samples that reflect the general 

composition of the landfills and waste stream. The Soil 

Mechanics Laboratory Manual (Das, 2002) was used in 

conjunction with. Laboratory Testing of Municipal Solid Waste 

(Athanasopoulos, 2010). The major laboratory tests that were 

performed are: Moisture content determinations, Size Analysis 

and characterization, Modified Proctor Compaction test , Direct 

shear test. Since the available shear box was the 100mm x100 

mm size, the waste materials were shredded to less than 5mm 

size after drying in the drying chamber at 50 Celcius. 

 

 

1.3 Results and Analysis 

Particle size distribution of cover soils 

The Particle size distribution of MSW revealed that   Pit 1 was 

made of sand and granular materials with coefficient of 

uniformity (C
u

) and curvature (C
c

) respectively of 16.67 and 

0.166.  Pit 2 was made of granular materials with (C
u

) and (C
c

) 

of 1,64 and 0.99. Pit 1 and Pit 2 values indicate a poorly graded 

samples. The organic content of the waste mass was determined 

in waste mass with particle size < 4.75 mm. The presence of 

construction debris and textiles in Table 1 indicate that 

Robinson deep receive a significant amount of industrial and 

commercial waste. The construction debris however varied 

from pit to pit.    

 

 

Table 1. Major Waste Mass Constitution. 

Content      PIT 1(%)  PIT (%)    

Paper             13.8  22.4 

Plastic             5  11.3 

Textile            10.6  10.3 

Building debris   40.3  12.2 

Organic           4.8  30.6 

Others   

Sum              100            100 

 

 

1.4 Compaction Properties 

Series of compaction tests were implemented to evaluate the 

effect of the different waste constitutions on the dry density. 

The dry unit weight and optimum moisture content of waste 

that were reconstituted to 50% of paper, Organics and Textiles 

respectively and as well as 5 % of debris and 5% of plastic, 

were presented in Figure 2. The constitution containing more 

than 20% of plastic was difficult to compact and was 

discontinued. It was observed that waste with 50% organics was 

workable and mobilized the highest density.  The optimum 

moisture content of the reconstituted waste mass was presented 

in Figure 2, The waste was with equal constitution of textile 

organics and paper contained 5% plastics and The textile which 

included significant amount of degraded wool and cotton 

textiles blended well with organics and absorbed and held onto 

large amount of water.  

 

 

Figure 1; Compaction parameters of reconstituted waste 

samples   
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Figure 2; Optimum moisture content of reconstituted waste 

samples  

 

1.5 The shear strength of municipal waste  

The typical shear stress and displacement curves of as received 

domestic waste mass from Robinson deep was presented in 

Figure 3 It was observed that waste mass that was tested at 

moisture content close to the optimum value exhibited mild 

strain hardening behavior, and at large values of shear 

displacement, the peaks of the shear strength curves were 

evident. The strength curves of reconstituted municipal solid 

waste (RMSW) containing 5% to 15% plastics (P) were 

presented in Table 3. The samples were tested at moisture 

content close to the insitu value of 40% and indicated that the 

friction angle decrease with increase in plastic content, however 

the cohesion increased slightly with the plastic content. It 

indicates that waste mass with more than 10% could be treated 

by moisture induced slope instability. The shear strength of 

Reconstituted municipal solid waste (RMSW) containing 56% 

organics and 5%  plastics (P) shown in Table 3 were tested at 

different moisture content, dry and wet of the 56% (OMC). The 

data showed that the friction angle decreased significantly with 

increase in moisture content and saturation of landfill with high 

content of organics should be avoided because it could result in 

potential instability.   

Geotechnical parameters of the landfill depth profile were 

presented in Table 3 .  The shear strength parameters of the top 

waste and cover were determined in the laboratory while the 

shear strength of a typical municipal solid waste that has been 

buried for more than 20 years was documented by Timothy & 

Huvaj-Sarihan, (2008). Old waste in most semi-arid 

environment have low content of organic matter and reduced 

particle plasticity, thus such waste have dominant granular 

fabric and exhibit high internal friction angle and insignificant 

cohesion.  Robinson deep Landfill was founded in quartzite of 

the Turffortien Supergroup (Brink, 1979). The lightly weathered 

formation is dense and granular. The increase in slope is due to 

increase in quantity of the waste over a fixed base area founded 

on Turffortien quartzite represent the fixed boundary condition.  

Unbounded mesh generation was adequate for the flexible 

incremental elements of the growing waste mass and 

intermediate stopes layers.  

 

 

 

 

Figure 3, Shear stress and displacement for MSW  that were 

shredded to less than 5mm size  

 

Table 2. Shear strength parameters of reconstituted waste mass. 

Parameter     Ƴ(KN/m3)   w(%)     C(kPa) [ °] 

RMSW5%P      4.5  40   22  [21] 

RMSW10%P     3.8   40   27  [8] 

RMSW15%P     3.3  40   28  [4] 

RMSW50%O,5P  23  dry   15 [23] 

RMSW50%O,5P  33  56%   35 [14] 

RMSW50%O,5P  33 Soaked  56% 17 [7] 
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 2 . CONCLUSION 

Municipal solid watse stream from cities in developing 
economyies like joahnnesbrg, contained significant percentage 
of construction debris and textiles.  
The  compaction parateters ezoecially the dry densty is 
stringlyt inflenced by the percentage of plastics and organics.  
Waste stream with greater than 10% plastic content exhibited 
significat reduction in friction angle at high mosture content and 
thus should be controlled by formal and informal waste 
sepearion.  
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