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ABSTRACT 
 
Synthetic lightweight aggregate (SLA) is comprised of recycled coal fly ash and mixed 
thermoplastics; thus providing viable alternatives to the disposal of fly ash and waste 
plastics.  As an aggregate, SLA has the potential to be a beneficial replacement for all 
or a portion of normal weight aggregates in various applications including geotechnical 
backfill or concrete. It is hypothesized that due to the presence of plastics, SLA may be 
more adept in retaining strength under loadings that incur significant deformations, 
making it a more sustainable choice for buildings, roads or other infrastructure 
susceptible to seismic loading or other impacts. In this study, test specimens were 
created with nominal ratios of 0:100, 25:75, 50:50, 75:25, and 0:100 (by volume) of SLA 
to normal weight aggregate, NWA (sand).  Direct shear tests, at normal stresses of 10, 
20, 40, and 80 psi, were performed on dry samples in order to analyze their shear 
stress-deformation and strength response. Test results show that the stiffness of the 
soil’s response decreases with increasing SLA content up to the 50:50 mixture, with no 
additional decrease in stiffness at higher SLA contents. However, peak strengths of the 
specimens do not vary significantly (φ=45±0.5°). This deformation-strength behavior is 
an indicator that full or partial SLA replacement provides a more resilient response than 
sand alone. 
 
INTRODUCTION AND BACKGROUND  
 
Synthetic Lightweight Aggregate (SLA), composed of coal fly ash and recycled plastic, 
is a sustainable construction material that reduces landfill waste and potential 
contamination pathways. Globally, coal is a major resource for electricity production, but 
generates many byproducts, one of which is fly ash (over 52M tons in the US alone in 
2012). With respect to plastics, the US produced 32M tons of plastic waste in 2012, the 
vast majority (upwards of 90%) ended up in landfills; incurring significant disposal 
costs.2 Hence, viable reuse options of these materials are necessary. Trends of fly ash 
production and use are shown below.1 
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Figure 1: Fly Ash Production Trends 

OBJECTIVES  
 
This research evaluates the impact SLA has on the loading behavior of granular 
material containing SLA. This will help engineers determine potential new uses for SLA 
in geotechnical or other applications. 
 
Since 1996, various research groups have examined physical and chemical properties 
of SLA to determine its potential use. SLA-based concretes are noted to have a more 
ductile response under stress; likely attributed to the SLA’s plastic content.3 Additionally, 
prior research at Tufts indicates that SLA gains strength after significant deformation 
rather than losing strength as does normal weight aggregates (e.g., sand).4 

 
METHODS AND MATERIALS 
 
For experimental testing, the SLA used had a fly ash to plastic ratio of 80:20 and 
Gs=1.58. The sand was granitic in nature (Gs=2.6). Prior to testing, the SLA and the 
sand (NWA) were made to have a similar, uniform grain size distribution; all particles 
passed the US #8 sieve and were retained on the US #16 sieve. Angularity of the SLA 
and sand particles was viewed to also be nearly identical. Five different formulations 
were tested with ratios of SLA to sand as 0:100, 25:75, 50:50, 75:25, and 100:0. The 
specific gravity of sand and SLA,  previously found as 2.6 and 1.58, respectively,4 were 



used to determine approximate specific gravities of the other soil formulations (see chart 
to below). 
 

% SLA Gs, Specific Gravity

0 2.6 
25 2.36 
50 2.09 
75 1.83 

100 1.58 
Table 1: Specific Gravities of Sands with Varying SLA content 

 
 
After placing the approximately 70 mL specimen of soil into the shear box, the initial 
porosity was calculated using physical measurements before placing into the direct 
shear apparatus. Specimen was initially compressed under a given vertical normal 
stress; then horizontally sheared until deformation reached 0.3 inches. This process 
was repeated for all five formulations for normal stresses of 10, 20, 40, and 80 psi. 
Three trials were run for each condition, leading to a total of 60 trials. Deformation 
behavior was interpreted from the data by graphical and statistical means. 
 
 
Sieve Analysis 
 
The SLA and the course sand used to make the SLA/soil combination must have similar 
particle size distributions. The SLA provided was already determined to be very uniform 
(retained on the #16 sieve while passing the #8 sieve). The SLA’s particle size 
distribution was further categorized into those passing sieves #8, #10, #12, #14, and 
#16 by sieving an SLA sample in a RO-TAP for 30 minutes. Three samples of 
approximately 300 grams were taken from the SLA and the particle size distribution 
obtained from each sieve analysis was averaged. 
 
A coarse sand was sieved to create a large sample of soil that passed the #8 sieve but 
was retained at the #16 sieve. This sample was further categorized into those passing 
sieves #8, #10, #12, #14, and #16 by sieving a soil sample in a RO-TAP for 30 minutes. 
The resulting particle size distribution was then compared to that of the SLA. Various 
sized sand particles were added to the sand mixture until the particle size distribution 
closely mimicked that of the SLA. This is to ensure a proper comparison of the two soils. 
Size, angularity, etc. should be the same; the material (SLA vs. NWA sand) should be 
the only distinction. The particle size distribution of the final SLA and NWA sand are 
shown below. 
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Figure 2: Particle Size Distribution for SLA and NWA 

 
Direct Shear Test 
 
Each specimen was put through a multi sieve pluviator before placed in the direct shear 
apparatus (ShearTrac-II by Geocomp Corporation) in order to ensure adequate and 
uniform mixing. Each specimen was compressed to a given normal stress (10, 20, 40, 
or 80 psi) then sheared until it reached 0.3 inches of deformation. 
 



 
Figure 3: Direct Shear Apparatus 

 
RESULTS  
 
As expected, at a higher normal stress higher shear stresses develop. 
Figure 4 shows the results for 25% SLA with average curves shown in bold and each 
trial test faded.  
 

 
Figure 4: Deformation Behavior of 25% SLA Aggregate 

 



Mohr-Coulomb failure envelopes describe experimentally the points at which a soil will 
fail based on their failure at given normal stresses and yield a friction angle which 
describes a soil’s shear strength. Although often depicted as linear, many of these 
failure envelopes are curved lines, with the friction angle decreasing as the normal 
stress increases. Cohesion is the intercept of the Mohr-Coulomb failure plot. Cohesive 
strength is typically acquired through chemical or mechanical interlocking. Although 
sands and gravels do not have, nor develop, cohesion; it is unknown whether cohesion 
develops during initial compression and/or shear loading for SLA. 
 
 

 
Figure 5: Mohr-Coulomb Failure Envelope for 100% SLA 

 
At 80 psi, the highest normal stress of this study, the five soil formulations exude 
different behaviors. The graph below shows that an increase in percentage of SLA 
leads to increased deformation needed to reach peak strength; i.e., a more ductile 
behavior. At this higher normal stress, this behavioral trend is evident. However, at 
lower normal stresses, the 50%, 75%, and 100% SLA formulations may overlap. All 
lines pictured are averages of three trials. 
 



 
 

Figure 6: Deformation Behavior under 80 psi Normal Stress 
 
 
DISCUSSION AND CONCLUSIONS 
 
The friction angles for each soil formulation for the range of normal stress (10 to 80 psi) 
are roughly the same with no apparent trend (45±0.5°); indicating that the soils have 
approximately the same shear strength. However, a difference lies in the shear stress-
deformation path which each soil takes to reach its peak shear stress. The rigid sand 
particles quickly reach their peak while the presence of SLA causes a delay in reaching 
peak strength. In fact, it is not apparent whether the soils with high SLA content reach 
their peak shear stress by 0.3 inches of deformation. Based on test results, it appears 
SLA provides a more ductile response to the soil and this response is most likely due to 
the presence of plastics in the SLA. SLA may be beneficial for engineers wishing to 
implement a more ductile aggregate in applications where significant deformations are 
likely; such as seismic or high impact loading, thus avoiding cataclysmic failures to 
which more traditional aggregates may contribute. 
 
Future research involves placing these soil formulations in concretes and testing the 
resulting deformation-strength behavior. Additionally, larger shear strains should be 
applied to these soils to determine whether the noted patterns of deformation behavior 
continue.  
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