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ABSTRACT 
 
In this project, the suitability of four blends of recycled materials comprising different proportions of recycled glass, 
plastic, and tyre aggregates as alternative backfilling materials for deep excavated trenches was investigated. 
This paper presents results of an extensive testing program carried out for selecting two most appropriate blends 
for backfilling of trenches located in non-trafficable areas. These blends will be used for construction and 
instrumentation of trial sites for deformation monitoring over 12 months. Physical properties such as particle size 
distribution, maximum and minimum density, compaction properties, and field capacity of the blends were 
determined. Further, an application-specific geotechnical testing methodology was developed. This included 
determination of the dry density achieved using a proposed sand-raining technique (SRT) to simulate the real-life 
trench backfilling procedure and determination of the compressibility of the blends using a modified oedometer 
test. The SRT results showed that the obtained dry density (DD) increased as moisture content (MC) and height 
of drop increased. Based on the relative density achieved through the SRT compaction and the compressibility 
properties, Blends 2 and 4 showed the most advantageous characteristics. This paper presents the developed 
testing procedures and discussions on the results leading to the selection of the two most suitable blends for the 
proposed application. The paper also makes discussions on the stress-strain conditions expected on site and 
potential downfalls of the proposed application. The outcomes of this research aim to promote sustainable 
geotechnical design and construction by improving the industry’s confidence in utilising recycled materials.  
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1 INTRODUCTION 
 
The worldwide movement toward sustainability 
encourages continuous and persistent studies on 
new strategies of recycling and reusing waste 
material in a range of applications (Lindsey 2011). 
Since civil engineering construction projects have a 
significant demand for construction materials, they 
are a common destination for the reuse of recycled 
aggregates. Various studies have shown the 
suitability of using recycled materials, in particular 
recycled plastic, glass and tyre in civil engineering 
applications (Fauzi et al. 2016; Imteaz et al. 2012; 
Imteaz et al. 2018; Kamaruddin et al. 2017). 
Sewer infrastructures backfilled with expansive clay 
or large soil clods result in poor backfill compaction 
during the variable seasonal cycles. Heavy winter 
rains expose these conditions and result in 
unexpected ground movements and subsequent 
failures, especially in rigid sewer pipes made of 
concrete. This issue is aggravated in narrow 
trenches for small diameter sewer pipes that are 
deeper than 1.5m where the quality control of the 
backfilled trenches can be challenging, if feasible, 
due to safety limitations restricting the field staff 
entering the trench for geotechnical testing. 
Temporary shoring or benched excavation of 
sidewalls are measures that can accommodate safe 
presence of testing staff in the trench for quality 
control. However, site conditions or space 
limitations may not always allow for such measures. 
Lack of proper quality control can lead to further 
settlements at the surface and affects both building 
structures and boundary fence lines. A potential 
solution is the application of blends of recycled 

materials that have self-compacting characteristics, 
have small volume changes with moisture changes 
or require less compactive effort to reach the 
desired relative density and thus exhibit less 
settlement on the surface. 
The current study aims to investigate the utilisation 
of recycled material blends as sewer trench backfill 
material in order to minimise the settlement of sewer 
backfill, in particular at non-trafficable manholes or 
sewage pit locations, which result in these 
structures protruding the surface, causing trip 
hazards as the backfill soils settle. The current 
project comprises application-specific laboratory 
testing programs, as well as the construction of a 
full-scale site trial for performance monitoring. This 
paper presents the geotechnical results and 
discussions to determine two mix designs of 
recycled material blends for the construction of the 
trial sites. The trial site is located in a greenfield 
area in the border of Tarneit and Truganina, 
Victoria. The Geological Survey of Victoria 1:63,360 
Melbourne map sheet indicates that the site is 
underlain by Quaternary Age Newer Volcanics, 
comprising residual clay overlaying variably 
weathered basalt rock. 
To the best of the authors’ knowledge, this is the 
first time an investigation of 100% recycled material 
blends for sewer trench backfilling is being 
undertaken, leading to the construction of a real-life 
full-scale site trial. The outcome of this research can 
lead to an increased market demand for recycled 
materials, in particular, recycled plastic, recycled 
glass and tyre derived aggregates and reduce the 
reluctance of end-users for investment in the new 
innovative solutions.  



 

 

2 METHODOLOGY 
 
2.1 Materials and proportions 
 
Hand mixed blends of 100% recycled materials 
including recycled glass (RG), recycled plastic (RP) 
and tyre derived aggregates (TDA) were used. The 
materials were supplied from local recycling facilities 
in Victoria, Australia. The specific gravities of the 
recycled materials were obtained following the 
AS1289.3.5.1 (2006) procedure to be 2.48, 1.1 and 
1.12 for RG, RP and TDA, respectively.  
The strategy to determine a suitable blend was 
selecting blends having a spectrum of different 
percentages of recycled materials with gradation 
curves that fall within Class 4 upper and lower band 
gradation (VicRoads 2013) as recommended by 
MRWA (2013). Consequently, four blends with 
different recycled material contents were selected 
as presented in Table 1.  
Figure 1 shows one of the proposed blends in a 
Perspex cell with a perforated base plate used for 
the determination of the field capacity. Field 

capacity is the amount of moisture held in soil after 
excess water has drained. 
 

 
Figure 1. Blend 1 in a Perspex cell 

 
Table 1: RG, RP and TDA ratios in blends 1 to 4 

Recycled materials % by Mass 
Blend 1 Blend 2 Blend 3 Blend 4 

RG 77 77 69 84 
RP 6 9 6 5 

TDA 17 14 25 11 
 
2.2 Standard Compaction 
 
Standard Proctor compaction test was performed 
according to AS1289.5.1.1 (2017). This test was 
carried out to obtain the optimum moisture content 
(OMC) and maximum dry density (MDD) based on 
the traditional compaction method as a benchmark.  
 
2.3 Sand-Rain Technique 
 
The sand-rain technique (SRT) setup developed in 
this study is demonstrated in Figure 2. The system 
consists of five parts: beam with adjustable height, 
hanging rod, hopper, collection tank and sample 
collector. The cross-section of the hopper from the 
top is 200(L)×200(W) mm and the short height is 
200mm while the long height is 450mm. The hopper 
is equipped with a lid which opens up to 50mm. The 
beam and hanging rod allow the hopper to move in 
horizontal and vertical directions, respectively. The 
mould with 150mm diameter and 180mm height is 
placed in a tank of 370(L)×470(W)×700(H) mm. The 
base of the mould has 2mm diameter holes 
(approximately 1200 holes/m2) to allow drainage. 
The position of the hopper was adjusted by moving 
the beam vertically to allow for various heights of 
drop (HD) of the materials. The HD varied from 
500mm to 2000mm. The mould was placed in the 
collection tank to collect the materials dropped out 
of the mould. The mould was raised on a collar to 
allow water draining from the base.  
The moisture content (MC) of the blend varied from 
3% (as received MC) to 18%. The MC of 18% was 
selected as preparing wetter samples did not lead to 
considerably greater dry density. At high MCs 
(≥15%), after dropping the materials the blend was 
left in the mould for 10 minutes allowing the water to 

drain from the base of the mould. The moisture at 
this state was “field capacity” at which no extra 
water was drained off the sample due to gravity. 
Finally, the post-test MC was obtained and the dry 
density was determined. This procedure was 
repeated at various MCs and HDs. 
 

 
Figure 2. Sand-rain technique setup 

 
2.4 Modified oedometer test 
 
The compressibility of the blends was investigated 
following the AS1289.6.6.1 (1998) procedure with 



 

 

modifications on the mould size and compaction of 
the sample. The inside walls of a mould with 150mm 
diameter and 120mm height were lubricated using 
silicon grease to reduce the errors due to friction. 
The base of the mould had 2mm through holes to 
allow drainage. A filter paper was used on the base 
and the sample was then placed into the mould in 
three layers to a total height of 75mm to provide a 
diameter to height ratio of 2, as recommended by 
AS1289.6.6.1. The oedometer test set up is 
presented in Figure 3.  
 

 
Figure 3. Modified oedometer test setup 

 
Several loading stages of 6, 12.5, 25, 50, 100, 
200kPa were applied to the sample. At each loading 
step, the settlement was recorded and once no 
further settlement was achieved, the next load was 
applied. At the end of the test, the weight of the 
sample and the MC were measured to calculate the 
final density/void ratio. Also, the test data was 
collected to plot the axial strain-stress relationship. 
A similar procedure was undertaken for testing the 
compacted samples under saturated conditions. For 
the saturated samples, the mould was inundated in 
a water bath after a low surcharge of 1kPa was 
imposed on the sample. 
 
3 RESULTS AND DISCUSSIONS 
 
3.1 Particle size distribution 
 
The PSD of the blends is presented in Figure 4 
together with the upper and lower limits of Class 4 
gradation based on VicRoads 2013. PSD curves 
show that the blends fall within the Class 4 
gradation on the coarse side (>2.36 mm); however, 
they are slightly outside the lower limit on the fine 
side (<2.36 mm). 
 
3.2 Standard Compaction 
 
The standard Proctor OMC and MDD for Blends 1 
to 4 were (8.5%, 1.34 t/m3), (9.5%, 1.36 t/m3), (11%, 
1.25 t/m3) and (9%, 1.37 t/m3), respectively. 
Evidently, the OMC and MDD for Blends 1, 2, and 4 
were close (9% and 1.36 t/m3 as an average). 
However, the MDD for Blend 3 was noticeably lower 
than those of other blends. 
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Figure 4. PSD of the four blends 

 
3.3 Sand-rain technique 
 
The relationship of dry density (DD) to post-test 
moisture content (MC) at different height of drops 
(500, 750, 1000, 1500 and 2000 mm) is plotted for 
Blends 1 to 4 in Figures 5 to 8, respectively. In 
these plots, the compaction curves achieved 
through standard compaction are also presented for 
comparison. Data labels show the initial (pre-
compaction) MCs.  

 
Figure 5. DD vs MC at various HD for Blend 1 

 
Figures 5 to 8 show that the DD increased as MC 
increased at a constant HD. For initial MCs equal to 
or greater than 15% after dropping, the water 
drained from the sample and resulted in a post-test 
MC between 9% and 12.7%. Interestingly, this 
range aligns with the measured field capacity of the 
blends as presented in Table 2. As an example, in 
one of the trials, Blend 4 was prepared at MC of 
18% and dropped from HD of 2000 mm. The blend 
was left for 10 minutes for draining until no further 
drainage occurred. The post-test MC was measured 
to be 9.7%. The MC of Blend 4 at its field capacity 
was measured to be 9%. For samples prepared at 
MC≥15%, the combined effect of higher lubrication 
and greater densification (lower voids) led to a 
greater drainage. This resulted in turning the 
compaction curve into the opposite direction and 
thus, two DDs for the same MC. The lower DD was 
corresponding to the lower initial MC with no 
drainage and the higher DD was corresponding to 
the higher initial MC which reduced through 
drainage to reach the post-test MC. 



 

 

 
Figure 6. DD vs MC at various HD for Blend 2 

 

 
Figure 7. DD vs MC at various HD for Blend 3 

 
Figures 5 to 8 also show that as HD increased, DD 
increased at a constant MC and consequently, it 
was expected that the post-compaction MC 
decreased as the height of drop increased. The 
increase in HD from 1500mm to 2000mm led to an 
increase in DD for blends with low MC. Once MC 
became close to 15% or higher, the change in DD 
became negligible. For Blend 4, the change in HD 
did not change the DD even for low MC ranges.  

 
Figure 8. DD vs MC at various HD for Blend 4 

 
From the results, it may be concluded that the OMC 
and MDD of SRT compaction were achieved by 
dropping the blends from HD equivalent to 2000mm 
at high MCs (≥15%). The OMC and MDD for Blends 
1 to 4 were determined to be (18%, 1.3 t/m3), (15%, 
1.35 t/m3), (15%, 1.13 t/m3) and (18%, 1.4 t/m3), 
respectively. Post-test MCs were 9.2, 9.7, 10.3 and 
9.7 for Blends 1 to 4, respectively. 
The dry densities obtained through the sand-rain 
technique for Blends 1, 2 and 4 (Table 2) show that 
a density comparable to MDD of standard Proctor 
can be achieved at a HD of 2000mm. The relative 
density with respect to max/min density test results 
(AS1289.5.5.1 2016) was greater than 80% for 
Blends 1, 2 and 4, being 82.5%, 85.5% and 83.5, 
respectively and the percentage of MDD obtained 
from the standard Proctor compaction were 97%, 
99% and 102.2%, respectively (Table 2).  
 
The relative density of Blend 3 was 52% which was 
significantly lower than the other blends. Therefore, 
Blend 3 was deemed unsuitable for construction of 
the full-scale site. The lower relative density of the 
backfilled material can lead to greater potential 
settlements after construction. 

 
Table 2: Results of different compaction tests and field capacity test 

 Blend 1 2 3 4 
Max/Min 
Density 

Maximum density AS1289.5.5.1 1.38 1.41 1.27 1.50 
Minimum density AS1289.5.5.1 1.02 1.08 1.01 1.05 

Standard 
Proctor (SP) 

Estimated MDD (t/m3) 1.34 1.36 1.25 1.37 
Estimated OMC (%) 8.50 9.50 11.00 9.00 
Relative density 91.5 88 93.7 77.8 

Sand-Raining 
technique 
(SRT) 

Estimated MDD (t/m3) 1.30 1.35 1.13 1.40 
Height of drop (mm) 2,000 2,000 2,000 2,000 
Target MC (%) 18.0 15.0 15.0 18.0 
Post-test MC (%) 9.2 9.7 10.2 9.7 
Relative density (%) 82.5 85.5 52 83.3 
Percentage of 97 99.3 90.4 102.2 

Field capacity (%) 8.9 8.2 11.2 9.0 
 
3.4 Compressibility of the blends 
 
A modified 1-D oedometer testing procedure as 
described in Section 2.4 was carried out to select two 
blends from Blends 1, 2 and 4 for construction of the 
trial site. The samples were prepared at the OMC 
and MDD achieved through the SRT compaction. 
Figure 9 shows that the total axial strain achieved in 
Blends 1, 2 and 4 were lower than that of Blend 1 
under the loading steps mentioned in Section 2.5. 
Consequently, based on the oedometer test results, 

Blends 2 and 4 were selected for the construction of 
the full-scale trial site.  
 
3.5 Discussion on the construction MCs 
and potential segregation 
 
Mixing the blends with MCs greater than 15% (about 
6% greater than the field capacity of the blends) may 
result in excess water ingress into the natural ground 
and cause settlements or subsidence. On the other 
hand, densities achieved through SRT test show that 



 

 

the blends may not achieve a satisfactory density if 
mixed with a MC close to their field capacity (Figures 
5 to 8). Dropping Blends 2 and 4 at post-test MCs 
(9.7%), results in dry densities of 1.2 t/m3 and 
1.33 t/m3, respectively (Figures 6 and 8).  
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Figure 9. Axial strain-stress relationships for 

Blends 1, 2 and 4 at OMC and MDD 
 
It should be noted that the density achieved through 
SRT compaction is the loosest state of the densified 
blends. During the backfilling process, the surcharge 
of the upper layers causes further densification of the 
bottom layers. In addition, the backfilled area will be 
further compacted using the conventional field 
compaction techniques such as excavator’s 
compaction plate. In the case of excavated trenches 
of this project, the top 0.5m will be backfilled with 
conventional materials (site-won soils or class 4 
aggregates). Figure 10 shows a schematic profile 
view of the trench with three zones, being the 
embedment zone, recycled material backfill zone, 
and conventional backfill zone. Considering the 
discussions above, it is expected that the final 
density of the blends falls between the DD achieved 
at MC of 9.7% and those achieved at MC>15% 
(Figures 6 and 8). Therefore, further compressibility 
assessment was carried out on samples prepared at 
MC of 9.7% and a density lower than the MDD 
achieved through SRT compaction. 
 
Compressibility of Blend 2 was further assessed by 
preparing samples at (9.7%, 1.2 t/m3), (9.7%, 1.25 
t/m3), (9.7%, 1.3 t/m3) to be compared with those of a 
sample at (9.7% and 1.35 t/m3). Also, Blend 4 was 
prepared at MC of 9.7%, and DD of 1.33 t/m3 to be 
compared with a sample prepared at MC of 9.7% 
and MDD of SRT compaction (1.4 t/m3).  
For Blend 2, the change in axial strains obtained due 
to imposing a pressure up to 50kPa is minor for 
blends prepared at DD of 1.25 t/m3, 1.3 t/m3 and 1.35 
t/m3. Assuming a maximum density of 1.41 t/m3 
(AS1289.5.5.1) and a depth of 4m, the maximum 
surcharge at the bottom of the backfilled area is 
estimated to be 55kPa. The axial strain obtained by 
loading Blend 2 samples prepared at DD of 1.2 t/m3 
was considerably higher than that of the other blends 
(Figure 11). As discussed before, the surcharge from 
the ordinary backfilled zone, together with additional 
compactive effort using the excavator is expected to 
increase the DD from 1.2 t/m3 to at least 1.25 t/m3. 
The axial strain shows a minor difference for Blend 2 

samples prepared at the field capacity moisture 
content, and DDs of 1.25 to 1.35 t/m3.  

 
Figure 10. Schematic profile of a backfilled 

trench 
Figure 11 shows that the change in axial strain 
between the two Blend 4 samples under a pressure 
less than 100kPa was minor. The difference in axial 
strain between the loosest and densest state of the 
compacted Blend 4 was significant when the blends 
were subjected to a pressure greater than 100 kPa. 
As the bottom of the recycled material backfilled 
zone is at a depth of about 4m and assuming the 
maximum density (AS1289.5.5.1 2016) of Blend 4 
(1.50 t/m3) the maximum surcharge can be 
calculated to be 59kPa which is significantly lower 
than 100kPa. Consequently, despite achieving a 
lower density compared to the MDD of SRT 
compaction, it is expected that a negligible difference 
in axial strain is caused due to mixing at lower 
moisture content. It should be noted that due to the 
granular nature of the blends, a large proportion of 
the deformation occurs during construction and 
unlike clay, consolidation settlement is not expected.  
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Figure 11. Axial strain-stress relationship for 

Blends 2 and 4 at post-test MC and DD≤ MDD 
 
It is anticipated that civil contractors will favour a load 
and dump technique similar to that used in normal 
backfill construction. Field trials will consider the 
influence of the drop height from the bucket, with 
elevated heights possibly required as the trench is 
filled to near the finished fill depth. Alternatives 
including an Aggie truck or volumetric mixer truck 
may be considered to control the height of drop. 
A potential concern during the backfilling procedure 
is the segregation of aggregates. According to the 



 

 

studies of Tripathy et al. (2002) and Islam (2015), the 
OMC achieved in the standard compaction method is 
expected to result in a degree of saturation of 85%. 
The MC of 9.7% is close to OMC obtained by the 
standard Proctor compaction (9.5% for Blend 2 and 
9% for Blend 4). At such a high degree of saturation, 
the surface tension on particles caused by moisture 
is expected to reduce the segregation of particles. 
This aligns with the laboratory observations of the 
sand-rain technique compactions undertaken at a 
height of drop of 2m. 
Installation of optic fibre (O/F) cables will be carried 
out after backfilling. Figure 10 shows the indicative 
location of O/F cables each having several sensing 
points with 500mm spacing. The cables will be 
installed using a CPT rig by attaching the cable to 
the CPT rod and pushing the rod to the required 
depth. All cables will be connected to a data 
acquisition unit located on the surface using which 
settlement data can be collected in each site visit. 
 
4 CONCLUSION 
 
Blends of recycled materials including recycled 
glass, recycled plastic and tyre derived aggregates 
were tested to investigate the feasibility of replacing 
these aggregates with the conventional backfill 
material in deep sewer trenches. Several laboratory 
tests including the sand rain technique were carried 
out to investigate the physical and mechanical 
properties of the four blends. Results showed that 
the dry density increased as moisture content and 
height of drop increased. Also, the dry density 
decreased as the tyre content increased. The MDD 
was achieved when a blend was prepared at a 
moisture content ≥15% and after dropping the blends 
from a height of 2m. At high moisture contents, the 
MDD obtained through the sand-rain technique 
approached the corresponding values obtained from 
the Proctor compaction and achieved > 80% relative 
density. 
Achieving greater relative density and exhibiting less 
compressibility response, Blends 2 and 4 were 
recommended for the construction of the trial sites.  
To avoid the ingress of excess water into the natural 
ground due to moisture contents higher than the field 
capacity, backfilling of the sites with Blends 2 and 4 
mixed at the MCs corresponding to their field 
capacity and height of drop of at least 2m is 
recommended for the construction of the trial sites. 
Two possible downfalls with the proposed application 
recycled blends include potential creep settlement 
and environmental concerns, such as leachate 
seeping into the groundwater. These potential issues 
may limit the application of the proposed blends to 
trenches with low surcharges on the backfilled zone 
(such as non-trafficable areas) and areas away from 
groundwater table. The creep behaviour and 
leaching properties of the blends will be investigated 
as part of the future laboratory experiments of this 
project.  
At the time of preparing this paper, the construction 
arrangements are being made for the next stage of 
the project.  
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