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ABSTRACT 
 
The 2010 - 2011 Canterbury earthquake sequence caused significant damage to a number of 
concrete and brick buildings in Christchurch City, resulting in their demolition. Disposal of demolition 
waste was generally limited to dumping at approved landfill, land reclamation or waste management 
sites, unless the waste could be re-used on the demolished sites.  
 
As an alternative to dumping, it was proposed to re-use demolition waste, specifically concrete and 
brick fragments, as bulk fill materials comprising recycled crushed concrete (RCC) at a land 
development site in Christchurch.  
 
RCC was either imported to, or processed on site to meet the specification criteria for granular fill. A 
testing regime was carried out at the onset of the crushing programme and throughout the placement 
of the concrete product, including particle size distribution, standard compaction curve testing and 
nuclear density testing.  
 
The end product tended to be slightly variable in particle size, composition and density, largely due to 
variations in building sources and processing methods. However, the product proved to be high 
performing despite the variance and was practical to use during unfavourable earth filling conditions, 
compared with other natural earth fill materials utilised at the site. 
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1 INTRODUCTION AND PROJECT BACKGROUND 
 
The project site is located in Woolston, Christchurch and incorporates a total area of 30.1338 ha to be 
developed for commercial and industrial purposes. The site development works involve raising the 
ground levels by between 1 to 2 m for flood mitigation. This is achieved by importing fill materials to 
the site.  
 
The site works commenced in 2010 and are ongoing at this time. The development is staged, with 
work commencing at the southern half of the site. Approximately half of the land development has 
been completed at the time of writing. 
 
Prior to the 2010 - 2011 Canterbury Earthquake sequence, imported fill materials comprised natural 
excavation spoil, typically silt, sand and gravel mixtures from a variety of sites around the greater 
Christchurch area. Importation of such materials continued following the earthquakes, however 
alternative materials comprising demolition waste from the damaged buildings around Christchurch 
City became abundant during 2011 to 2013. This paper outlines the processing of demolition waste, 
geotechnical testing and characterisation of the RCC, as well as its behaviour in compaction and 
provides general comments on the suitability of demolition waste for re-use as engineered fill. 
 

1.1 Geological Overview and Geotechnical Characteristics of the Site 
 
The site is mapped as being underlain by Christchurch Formation comprising sand, silt and peat of 
drained estuaries and lagoons. Subsurface explorations carried out at various times prior to and 
during the site development, typically identified a variable sequence of silt near the ground surface 
grading to sandy silt with fine sand layers extending to a depth of at least 24 m. The top of the 
Riccarton gravel layer is anticipated to be present from approximately 24 m depth.  
 



The Heathcote River flows adjacent to the western and northern site boundaries. Groundwater levels 
tend to fluctuate slightly with seasonal change, however the typical range is between approximately 1 
m below the ground surface in winter to 2.5 m in summer.  
 
The natural soils provide some geotechnical challenges to the site development as the soils are 
assessed as being susceptible to liquefaction. In addition, the surficial silt is sensitive to disturbance 
when saturated and difficult to drain given the flat site profile. However, during the dry season, 
earthworks are relatively unconstrained by the ground conditions.   
 

1.2 Effect of the Christchurch Earthquake 
 
The site was relatively unaffected by the Darfield Earthquake which took place on 4 September 2010. 
However, the epicentre of the Christchurch Earthquake on 22 February 2011 was located 
approximately 3 km from the site. This resulted in estimated ground accelerations of 0.67g within the 
site boundaries.  
 
The site subsoils underwent liquefaction, manifesting at the ground surface as sand boils at discrete 
locations. Cracking of the ground associated with liquefaction ejecta was also observed, as well as the 
formation of temporary groundwater springs. Lateral spreading did not significantly affect the southern 
portion of the site. 
 
The damage to a variety of concrete and brick structures throughout the city was well publicised and 
many buildings were demolished as a result of the Canterbury Earthquake sequence. 
 
2 OBTAINING AND PROCESSING RECYCLED CRUSHED CONCRETE 
 

The majority of the RCC used for filling was produced on site from imported demolition rubble, 
predominantly sourced from around Christchurch city. The raw demolition rubble typically included 
large concrete fragments, brick, structural timber, steel reinforcing, plaster and plastic materials, as 
may have been incorporated in the construction of various buildings.  
 
RCC that was processed elsewhere, and imported to site “ready crushed” was subject to inspection 
prior to importation and was required to comply with the material specification (discussed in Section 3 
of this paper). 
 
The concrete crushing operations required adequate space to establish yards for machinery and 
crushing activities, as well as stockpiling areas for both the raw and processed materials. The space 
was available on as yet undeveloped portions of the site given the large site area. However, the land 
needed to be prepared prior to establishing the crushing yards. This was achieved by stripping topsoil 
and placing an initial layer of RCC which was processed off site to form a hardstand. Topsoil was used 
to form bunds around the edges of the yards with netting fences to reduce the spread of dust from the 
crushing operations.   
 
On site processing was carried out using mobile crushers and wet and dry screening processes, 
depending on the availability of machinery. The wet process involved a water bath to separate heavy 
components from buoyant (such as timber and plastic). The fines obtained from the crushing 
processes were captured separately and stockpiled for later blending with the RCC product as 
required. Some manual screening was also carried out prior to crushing to remove the more obvious 
fragments of unwanted rubble, such as timber and steel reinforcing.  
 



 
 
Figure 1. The crushing yard being formed after a period of rain, with demolition rubble already 
stockpiled for processing in the background 
 
3 SPECIFICATION AND TESTING 
 
The specification for the RCC was founded on the New Zealand Transit Authority Specification for 
basecourse aggregates TNZ M/4:2006. This document is specific to the basecourse on state 
highways and heavily trafficked roads, however it provided reasonable preliminary guidance for the 
use of RCC fill in land development. TNZ M/4:2006 defines RCC as “rock fragments coated with 
cement with or without sands and / or filler, produced in a controlled manner to close tolerances of 
grading and minimum foreign material content”.  
 
As the source of concrete was predominantly from a variety of demolished buildings, variation in the 
content of the RCC was expected. Therefore, emphasis was placed on the performance of the RCC 
during the project period.  
 
3.1 Particle Size Distribution 
 
We initially recommended that the RCC fragments were to be an equivalent size and grading to a 
GAP65 product. The percentage of fines (particles less than 0.06 mm in size) was recommended to 
be approximately 20%.  
 
A number of samples were randomly selected from stockpiles of the RCC during the period March 
2012 to February 2013 for Particle size distribution (PSD) testing. All testing was carried out by an 
independent geotechnical laboratory. Figures 1 and 2 below indicate the results of a non-complying 
sample and complying sample, with respect to the particle sizes.  
 



 
Figure 2. Particle Size Distribution test result showing non-compliance with the percentage of fines 
being too high 
 

 
Figure 3. Particle Size Distribution test result showing compliance with allowable limits for equivalent 
GAP65 aggregate 
 
The results depicted in Figure 2 relate to a test completed in April 2012, which was relatively early in 
the crushing period of the project, while the crushing systems and processes were being initiated. The 
results shown in Figure 3 were obtained in October 2012 and the processes were established for 
several months by this time.  
 
3.2 Foreign Content Allowance 
 
Foreign material is separated into three different groups. Type I materials are defined as glass, brick, 
stone ceramics and asphalt; Type II is generally plaster, clay lumps or other friable material; and Type 
III includes rubber, plastic, bitumen, paper, wood, other vegetable or decomposable matter. The TNZ 
M/4:2006 recommended limits by mass for the various types of foreign content are: 

 Type I   <3% 

 Type II  <1% 

 Type III  <0.5% 
 
Brick was not considered to be a foreign material in this case, as the source of much of the rubble 
included brick buildings. 
 
Following the results of the PSD testing completed in early 2012 and observations of the performance 
of the initial RCC layers, a target allowable volume for all foreign inclusions was recommended to be 
3% by weight or less, given that the source of the concrete was predominately from demolished 



buildings which were comprised of mixed materials as opposed to “pure” concrete sources. 
Compliance of the foreign content allowance was generally verified by the PSD tests, although visual 
scrutiny of the RCC stockpiles was also carried out. Where visual assessment indicated excessive 
foreign content, further testing or screening was recommended.  
 

3.3 Laboratory Compaction Tests 
 
Standard compaction proctor curves were also carried out on a sample of the RCC, for comparison 
against the field compaction tests.  
 
The maximum dry density (MDD) obtained from the testing was 1.84 t/m

3
 which appeared to be lower 

than expected. This was queried and a typical range for RCC density was indicated to be between 
1.95 t/m

3
 and 2.05 t/m

3
 at a moisture content ranging between 5 and 7 %. It was hypothesized that the 

particle size distribution and inclusion of potentially lower density materials, such as brick, and 
relatively coarse concrete fragments was a factor in the lower MDD, although this was not verified.  
 
Given that the potential for variable content of the RCC was relatively high, the MDD of 1.84 t/m

3
 was 

tentatively adopted for the project. The target density for compaction of fill materials at the site is 98% 
of the MDD, equating to 1.80 t/m

3
 for RCC.  

 
3.4 Fill Placement and Compaction Testing 

 
The specification for RCC placement and compaction involved the use of traditional earthworking 
machinery and methods, and did not deviate significantly from the specification for placement of 
natural soil fill materials.  
 
A geotextile fabric liner was recommended to be placed between the natural subgrade and the RCC 
layer for additional stability as a significant proportion of the earthfilling was to be carried out during 
the wet season. The geotextile fabric could potentially also serve to protect the RCC fill layer from 
future infiltration of liquefaction ejecta.  
 
On site compaction verification of each fill lift was recommended to be carried out via Nuclear Density 
Testing (NDM) using the backscatter mode. Additional field tests comprising Falling Weight 
Deflectometer testing was carried out to assess pavement design parameters including the California 
Bearing Ration (CBR).  
 
4 RCC FILL PERFORMANCE 
 

4.1 RCC Product Appearance and Consistency 
 
As discussed in Section 3.2, the RCC product is not pure and contains some foreign material. 
However, the PSD testing and visual assessment of the RCC generally indicated that the foreign 
content was limited to the allowable percentages. The most obvious foreign content typically included 
reinforcing steel and structural timber. Timber, and other materials which are lightweight relative to 
RCC tended to present naturally at the surface of the stockpiles, often times giving the impression of 
excessive content. However, in many cases the content below the surface of the stockpile was found 
to be minimal. Where excessive content was observed, further screening was recommended. 
 
Generally, the crushing process resulted in fairly consistent particle size distribution throughout the 
project period, although percentages of concrete, brick and foreign content varied. The particle size 
distribution obtained from random samples was typically satisfactory once the crushing processes 
became established. However it became apparent once the crushing operations were underway that 
maximum particles sizes tended to be up to 100 mm. This was most noticeable with slender and 
oblong shaped concrete fragments, which appeared to slide through the crusher rather than being 
captured and crushed.  
 



 
 
Figure 4. Crushed concrete being sampled with view of the crusher and unprocessed material in the 
background 
 

4.2 Performance during Placement 
 
The RCC proved to be forgiving during inclement weather and was a practical material to progress the 
site filling during winter when the work would otherwise have been suspended due to saturated 
conditions. Where necessary, water was added to aid compaction, and it was reported to the author 
that the addition of water, even in winter, served to improve the workability and compaction of the 
RCC. 
 
The brick components and slender oversize particles were observed to break down further during 
compaction beneath the rollers.  
 

4.3 Compaction Verification and Post-Placement Testing 
 
4.3.1 Density 
 

NDM tests were carried out by an independent contractor at regular intervals during the project. The 
target dry density of 98% MDD was achieved in most instances without the need for additional 
compaction.  
 
The density typically ranged from 1.78 t/m

3
 to 1.94 t/m

3
, with the average density being 1.86 t/m

3
. The 

results indicated that in many cases compaction greater than 100 % was achieved, relative to the 
results of the compaction curve.  
 

4.3.2 California Bearing Ratio  
 

Falling Weight Deflectometer (FWD) testing was carried out to estimate the CBR for pavement design. 
The tests were carried out on two separate areas of RCC fill (Test Areas A and B), which were at 
various stages of completion at the time of testing. Test Area A included an approximately 400 mm 
thick layer of RCC fill and Test Area B had a RCC layer thickness of approximately 1.5 m. This paper 
will not discuss the FWD testing regime in detail, however the results in relation to CBR are discussed.  
 
Results from Test Area A included estimations of CBR for the natural subgrade, and Test Area B 
returned estimations of CBR for the RCC fill.  
 
The CBR obtained from Test area A for the natural subgrade is typically 3 %, which is in keeping with 
prior results estimated by means of Scala Penetrometer testing. The resulting range of CBR results for 
Test Area B RCC fill is presented as Figure 4. 



 
Figure 5. Range of CBR results for Test Area B (RCC fill) 
 
4.3.3 Discussion 
 
As indicated by Figure 5, the majority of results for CBR for Test Area B RCC fill are greater than  
20 %. However, the results range between 12 and 29 %. The tests were carried out while the fill 
platforms were under construction and it should be noted that the lower range of test results were 
obtained near the edge of the fill platform. This indicates that the edges of the platform were not 
compacted to the same degree as the middle of the platform at the time of FWD testing.  
 
Further, the slightly variable composition of the RCC is also expected to influence the range of results 
of both the CBR and density of the fill. In many instances, NDM testing indicated greater than 100 % 
compaction was achieved. This is likely attributed to the variance of the RCC composition, however it 
generally appeared that the average density range achieved in the field was in keeping with or greater 
than the laboratory derived density. The overall RCC density is generally less than the density of pure 
concrete or other natural rock aggregates, however observations of the performance of the RCC fill 
indicated that the material performed satisfactorily beneath the weight of earthworking machinery and 
did not display  signs of unacceptable deformation or deflection. Further reports were made to the 
author that the RCC showed signs of hardening or binding over time, evidenced by difficulty 
experienced during service trenching which was carried out one to three months following RCC 
placement.  
 
A design CBR of 20 % was recommended for the RCC fill meeting the minimum compaction 
requirements based on the field testing results and observations. 
 
5 CONCLUSIONS 
 
RCC proved to be a practical and economical product for bulk earthfilling, particularly during winter on 
sensitive soil at the subject site. The product demonstrated reliable performance beneath machinery 
and test results indicated relatively high stiffness. However, due to product variability, relatively 
conservative estimates of geotechnical design parameters were made for this project.  
 
Although the RCC contains small amounts of foreign material, this material was not considered to 
constitute a hazard to either the site workers or the surrounding environment due to it being relatively 
inert and its placement both above the water table and below future sealed surfaces.   
 
Demolition rubble will produce RCC of variable composition, and specific monitoring and conditions 
must be established to meet individual project needs. In this case, although the RCC contained larger 
fragments of up to 100 mm in size and foreign materials, the overall performance met with the 
requirements of the project.   
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It is also anticipated that the use of RCC material at the site will have future benefits in mitigation of 
land damage associated with liquefaction, through the formation of a stiff, non-liquefiable surface 
“crust” upon which new buildings are founded.  
 
In conclusion, the re-use of demolition rubble as engineered fill at the project site resulted in the 
formation of competent fill platforms upon which new industrial buildings are supported, and allowed 
for an alternative to dumping the waste. Other projects considering the re-use of demolition rubble 
should not only consider technical factors such as the engineering requirements for the fill, but also 
the practicality and economic feasibility of obtaining and processing rubble to produce a suitable RCC 
product.  
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