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Current challenges
Track degradation
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Glass waste management

Current challenges

 Destination of glass waste in AUS
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Background
Increasing demand for 

efficient freight and 
passenger rail network

Heavier and faster trains Challenging ground 
conditions Faster track degradation

Mud Pumping Excessive Settlement

Track misalignment Ballast degradation

Influence of track components on track 
deterioration
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Background
Measures for subgrade improvement

No. Solution References
Kuo et al. 2017; Li et al. 2016; 

Transport for NSW 2019

Abeywickrama 2020; Indraratna et al. 
2009; Nguyen et al 2018 

Alobaidi & Hoare 1998; Chawla & 
Shahu 2016; Hudson 2016

Ahmad et al. 2012; Transport for NSW 
2019; Voottipruex and Roongthanne 

2003; Wheeler et al. 2017

1 Remove, replace and/or modify materials

Improve drainage 2

Include geosynthetic composites3

Mass stabilisation4

Sustainable method: 
 Recycled crushed glass 

(CG) mixed with subgrade 
soil

Traditional methods: 
 Chemical additives
 Environmental impact
 Carbon emission
 Effect on groundwater

Waste glass transformed into sand-
sized crushed glass

(iQRenew, 2021)
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Background
Why using glass?

Angular particles promote interlock 
within the soil matrix

Flexible size range for different 
applications

Reduce glass waste diverted to landfills

Reduce construction carbon footprint

Decrease the demand for natural 
quarried materials

Inert – no adverse effect on groundwater

Objectives

 Address the challenges associated with soft 
subgrade soil in railway infrastructure by 
investigating the potential use of recycled 
crushed glass as a sustainable method of 
stabilisation

 Characterise the geotechnical properties 
and monotonic shear behaviour of CG and 
subgrade soil mixtures and determine the 
optimum CG percentage for practical 
applications
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Materials and Methods

Site 
location
(Clifton)

South Coast
railway line

 Rail track with high degree of fouling
 Depth of sample collection: 0.5 – 1 m
 CG samples obtained from local manufacturer

Soil samples CG samples
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Soil specimen preparation

 RC = 95% 𝛾𝛾𝑑𝑑,𝑚𝑚𝑚𝑚𝑚𝑚
 w = 95% - 100% wopt
 CG content = 10%, 20%, 30% and 50%

Materials and Methods
Investigation of shear behaviour
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Results and Discussion

Material characterisation
 CG content: 10%, 20%, 30% and 50%

Material
Atterberg limits

USCS
wL

(%)
wP

(%)
PI

S2 35.5 23.5 12 CL
S2 + 10% CG 35.5 23.4 12.2 CL
S2 + 20% CG 33.6 22.1 11.4 CL
S2 + 30% CG 32.3 20.6 11.7 CL
S2 + 50% CG 29.4 17.6 11.9 SC

CG - - NP SW-SM
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Results and Discussion

Compaction characteristics
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Results and Discussion

Consolidation and permeability

S2 S2 + 10% CG S2 + 20% CG S2 + 30% CG S2 + 50% CG
𝝈𝝈𝒗𝒗𝒗𝒗′ 59 91 148 171 329
Cc 0.206 0.189 0.177 0.175 0.160
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Results and Discussion

 50%CG
Behaves like dense sand
Compared to the 30%CG, the shear 
strength increased by over 70% 
regardless of the initial p’ 

 S2 & 10%CG
Strain hardening
Behaves like compacted clayey soil
Marginal shear strength improvement

 20%CG & 30%CG
Transitional behaviour depending 
on p’ and CG
Behaves like silty sands and 
sandy silts
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Results and Discussion

Strength and stiffness
Friction angle Elastic modulus degradation 

(E50/Ei)

Incremental 
increase (%) S2 S2 + 10% CG S2 + 20% CG S2 + 30% CG S2 + 50% CG

𝝋𝝋𝑪𝑪𝑪𝑪 - 2.8% 7.6% 3.4% 5.7%

q/p’CS - 3% 8.2% 3.6% 6.1%
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Results and Discussion

Particle breakage Breakage Index – Marsal’s Method
𝐵𝐵𝐵𝐵 = ∑1𝑛𝑛 ∆𝑊𝑊𝑘𝑘 , if ∆𝑊𝑊𝑘𝑘 > 0
∆𝑊𝑊𝑘𝑘 = 𝑊𝑊𝑘𝑘𝑖𝑖 −𝑊𝑊𝑘𝑘𝑘𝑘, where 𝑊𝑊𝑘𝑘𝑖𝑖 represents the percentage retained 
on sieve size k before the test and 𝑊𝑊𝑘𝑘𝑘𝑘 is the percentage retained 
on the same sieve size after the test.
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Conclusion

 The addition of CG resulted in increased density and enhanced particle interlock within the 
soil matrix. This led to greater load-bearing capacity and reduced compressibility, thus 
enhancing the overall stability of the soil

 The addition of 20% CG led to an optimal soil-CG interaction which significantly increased 
the strength and stiffness of the soil and reduced the elastic modulus degradation

 The CG particles remained stable with minimal breakage under monotonic loading 
indicating the CG suitability for applications requiring robust and stable ground conditions

 In practical applications the CG-soil mixtures could be used as structural fill material for 
new embankments constructed for track structures. 
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