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Foreword 
Extensive road-related construction is a constant in the dynamic Greater Toronto Area and beyond.  As the region 

continues to experience population growth, there is also an ongoing need to replace older roads, curbs, sidewalks 

and bridge structures as municipalities renew these important infrastructure assets.  When these assets are kept in 

a state of good repair, the concrete ‘waste’ generated by these activities ends up in recycling yards, with the goal 

being to process this material for reuse in other construction projects.   

 

Unfortunately, many of the same municipalities creating this reusable supply of recycled crushed aggregates (RCAs) 

do not specify this valuable resource when rebuilding those same roads, curbs, sidewalks and bridges. Instead, 

tender documents tend to favour virgin or primary materials that are sourced at a great distance from market.  At a 

time when policies and programs promoting the sustainable use of resources tops the public and government 

agenda, members of the Toronto and Area Road Builders Association (TARBA) believe that prioritizing the reuse of 

RCAs will be welcome by the public and decision makers.  

 

The use of recycled crushed aggregates preserves a non-renewable resource, reduces the demand for new pits and 

quarries and lowers energy use and greenhouse gases associated with longer truck hauling.  Aggregate recycling 

facilities located in the GTA provide municipalities and contractors with locations to recover reclaimed concrete 

nearby and the opportunity to divert it from landfill or from being underutilized as clean fill. TARBA members play 

an important role in accepting and processing these materials in what should be an excellent example of the merits 

associated with the circular economy of resource stewardship.   

 

Fortunately, we have a good example of resource stewardship within Ontario. The Ministry of Transportation (MTO) 

has a long-standing commitment to using recycled aggregates in 400-series highways, where approximately 20 per 

cent of all aggregates used in MTO projects contain recycled content.  Properly processed or re-engineered recycled 

concrete aggregate that meets Ontario Provincial Standard Specifications (OPSS) has proven to be a reliable material 

for use in road construction, as engineered backfill and as a base material in many other applications.  In fact, used 

appropriately, recycled crushed aggregates perform as well or better than primary aggregates in most applications.     

 

The advantages of using suitable RCA materials in favour of virgin or primary aggregates mined and hauled from 

increasingly distant locations needs to be better understood by the public and decision makers. Although previous 

research has documented the positive results about the high-performance qualities of this product, TARBA 

commissioned this study to focus attention once again on why better stewardship of this valuable resource is 

required now. 

 

 

Board of Directors’ Recycling Committee 

Toronto and Area Road Builders’ Association 
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Executive Summary 

In the Greater Toronto Area (GTA), recycled crushed aggregate (RCA1010) is readily available at reduced cost when 

compared to virgin aggregates; this sustainable product has a proven track record as a high-performance material 

for granular base, sub-base and other road and airfield construction projects.  

 

In addition to testing the performance qualities of RCA samples, this report reviews in detail how a sustainable 

approach to the use of this resource creates significant economic and environmental advantages for road building 

authorities.  The opportunities to lower energy consumption, reduce GHG emissions, protecting primary sources and 

lower material and transportation costs when building and renewing infrastructure are presented in detail. 

 

This study report discusses the results of sieve analyses for physical properties, sulphate contents, Freeze Thaw and 

Magnesium Sulphate Soundness, and SPLP Leachate Analytical Testing of Granular A Recycled Crushed Aggregates 

(RCA1010) that have been collected from six (6) selected crusher yard locations within GTA. This study also includes 

a GHG analysis and case studies from previous projects.  

 

Laboratory test results indicate that a high percentage of the tested samples of the RCA1010 material achieve the 

requirements for Granular A as per the OPSS1010 Standard Specifications adopted in Ontario for road construction 

projects. To achieve this standard, the report emphasizes the need for good quality control of the stockpiled 

materials in recycling yards.  

 

In addition, this study presents case studies/projects where the use of recycled crushed aggregates (RCA) had 

successfully achieved the required pavement performance in highways, municipal roads, airfield facilities and 

development engineering projects while providing savings in terms of construction costs and avoided emissions.  

 

This study suggests there is a room for growth and improvement by encouraging Ontario municipalities to rely more 

on RCA1010 in their projects. It will be important for local governments to undertake a review of their policies and 

tender documents for infrastructure projects to ensure that the economic and environmental benefits associated 

with the use of recycled concrete aggregates are recognized and realized in the future.  

 

To facilitate the adoption and use of recycled crushed aggregates in greater quantities for infrastructure projects, 

this study suggests five categories for future actions and next steps:  

1) Support and enhance the circular economy objectives of Ontario municipalities. 

2) Foster quality assurance and production certification for RCA at Crusher Yards. 

3) Perform in-situ testing of existing roads for selected projects to confirm the pavement performance and properties 

of RCA.  

4) Build up municipal engineers’ training and knowledge sharing.  

5) Update municipal standard specifications. 
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1. Introduction  

EXP Services Inc. (EXP) is pleased to present TARBA the findings of our study on the use of 
recycled crushed aggregate (RCA1010) in infrastructure projects. There are tens of millions of 
tonnes of valuable concrete available from construction sites across the province as roads, 
bridges and other concrete structures are demolished and replaced.  The objective of the study 
is to encourage municipalities and road authorities to increase the application of the Gran A 
(RCA1010) that is produced by recycling this old concrete for reuse in the construction of road 
granular base layer.   

Concrete is one of the most versatile building materials and has facilitated urban growth in the 
last century. It can be difficult to get rid of concrete waste, however, when concrete buildings are 
demolished (higher likelihood of being contaminated with other materials, such as rebar, wood, 
or gypsum). Crushed old concrete is recycled as aggregates in highway pavements but it is not 
used in buildings and bridges because of uncertainties related to its performance in new 
concrete. As ongoing investment in the nation’s infrastructure must continue, the volume of 
available secondary concrete will increase. Reusing the crushed aggregates processed from this 
material  in new roads and other infrastructure projects will reduce the environmental impact of 
disposing of this “waste” and  help to reduce demand for new supplies. 

Concrete is a 100 per cent recyclable material, and this product can be crushed, cleaned, 
screened and reused in new construction. Typically, the RCM can be processed into different 
sizes and repurposed as aggregate in road bases, shoulders and backfill among other applications. 
The recycled concrete material (RCM) comes primarily from two sources: (1) returned concrete 
(relatively clean from contamination) and (2) construction and demolition streams - recovery of 
concrete material from buildings, bridges, sidewalks, and other concrete structures at end of life 
(higher likelihood of being contaminated with other materials, such as asphalt, or even rebar, 
wood or gypsum). 

A pavement is a multi-layered structure comprising various layers such as the surface, base, 
subbase, and subgrade. The main role of the base layers is to provide uniform support for 
pavement surface layers and adequate drainage during the lifetime of the pavement. Materials 
used in unbound granular layers must meet specific engineering requirements such as gradation 
and physical properties. In order to provide a viable option for the use of construction waste, 
there is an urgent need to ramp up the proportion of RCA as an unbound granular material in 
road base, subbase and other construction projects. 

Although the application of RCA as granular road base material is a common practice in many 
jurisdictions, there are still some concerns amongst municipalities about the potential for 
adverse environmental impacts to the subsurface conditions from heavy metals leaching from 
the granular materials. Based on analytical testing conducted as part of this study, the marginally 
detected concentrations of the selected metal, Volatile Organic Compound (VOC) or Semi-
Volatile Organic Compound (SVOC) parameters analyzed in the Gran A (RCA1010) granular base 
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effluent did not suggest the potential for sub-surface environmental impacts to result from the 
use of Gran A (RCA1010) granular base materials.  

The essential need to preserve natural resources and extend the life of landfill spaces has 
motivated governments and organizations from different countries to make a concentrated 
effort to replace virgin aggregates with recycled aggregate. 

1.1  General Background  

Between July and November 2022, this study examined the gradation and physical properties of 
Gran A (RCA1010) collected from different yards/crushers around the GTA and the 
environmental and sustainability considerations, including a desktop review of previous research, 
studies and projects where recycled crushed aggregate had been incorporated into construction 
projects. This research was commissioned by the Toronto and Area Road Builders Association. 
Financial support has been received from Good Roads (formerly known as the Ontario Good 
Roads Association), the Ontario Stone, Sand, and Gravel Association, Concrete Ontario, the 
Greater Toronto Sewer and Watermain Contractors Association and the Ontario Road Builders’ 
Association.  In-kind support has been offered by the Association of Consulting Engineering 
Companies – Ontario, as well as the Ontario Society of Professional Engineers. 

These industry associations advocate for the increased use of recycled aggregate materials in 
infrastructure projects in Ontario, with their primary interests being: 

• To promote sustainable and more environmentally friendly practices.  

• To support municipalities in achieving the targeted goals with efficiencies, by 
furthering the use of RCA more widely throughout the province of Ontario. 

According to the Environmental Commissioner of Ontario, in her “Good Choices, Bad Choices, 
2017 Environmental Protection Report,” a total of about 184 million tonnes of aggregate are used 
annually in the province of Ontario. New aggregate (from quarries and pits) meets most of this 
demand and only about 13 million tonnes or 7 per cent come from recycled sources. In contrast, 
some European countries use up to 20 per cent recycled aggregate. The Commissioner concluded 
that Ontario could avoid extracting up to 33 million tonnes of new aggregate per year if a similar 
recycling rate was achieved in Ontario.  

It is understood that the concrete is not being recycled in greater quantities because many 
municipalities in Ontario prohibit or severely limit the use of recycled aggregate in road 
construction and other public works. And yet, collectively, municipalities are the largest 
consumers of aggregate in the province, using between 60 and 70 million tonnes a year (based 
on Ontario Ministry of Natural Resources, State of the Aggregate Resource in Ontario Study, 
Consolidated Report, 2010). Although the same report did note that the annual use of recycled 
aggregate rose from 6 million tonnes in 1991 to 13 million tonnes in 2006. 
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A new study produced in July 2022 that was commissioned by the Ontario Stone, Sand & Gravel 
Association (OSSGA) and prepared by the Ontario Chamber of Commerce, titled “The Long Haul: 
Examining the Implications of Far-From-Market Aggregates”, provides useful background 
information on the consequences of relying on new aggregate supply that is produced further 
from market. Aggregate production is considered a major contributor to Ontario’s $51 billion 
construction industry (2019) as very little can be built without aggregates. The report makes the 
case for keeping aggregate production near where construction and industry need it.  Longer 
hauling distances increase costs, results in a larger carbon footprint with trucks having a negative 
impact on road wear and traffic safety.  Table 1 below summarizes some of the figures mentioned 
in the OSSGA report for the expected consumption of aggregates in the Greater Toronto and 
Hamilton Area (GTHA) by 2041. 

Table 1. Expected Consumption of Aggregates in GTHA by 2041 

Item Description Amount ($) 

Worth of New Aggregate Production in Ontario (2019)  $1.7 Billion 

Aggregate Production in East Central Ontario (Peterborough and the Kawarthas and the 
surrounding areas to the east and north) -2019 

$22 Million Tonnes 

Aggregate Production in GTHA $25 Million Tonnes 

Aggregate consumption in Greater Toronto and Hamilton Area (GTHA), approx. $73 Million Tonnes 

Expected consumption of Aggregates in GTHA by 2041 (With continuing the development 
in Ontario) 

$1.5 billion tonnes 

Based on the OSSGA report, the GTHA is dotted with quarries but cannot keep up with its own 
supply needs. The consumption of aggregate in the GTHA is greater than what is produced there. 
This means that aggregate mining in areas like Peterborough and the Kawarthas plays a key role 
in not only their own development, but that of larger neighbours such as the GTHA.  

If quarries reach end of life or are not allowed to expand, aggregate consumers will simply buy it 
at a greater distance from market. The GTHA is increasingly relying on pits and quarries further 
away and can expect to exhaust all close-to-market aggregate production supply within the next 
10 to 15 years. This means that aggregate mining in areas such as Peterborough and the 
Kawarthas will play an even greater role in supplying distant markets in the GTHA. 

Figure 1 shows the 2019 virgin aggregate production in Tonnes by Ontario Region (from July 2022 
OSSGA Study Report, based on aggregate production by permit and license only as they make up 
the majority of overall production). 

The objective of this Phase I ESA was to identify potential sources of environmental concern to 
the Site. A Phase I ESA is a systematic qualitative process to assess the environmental condition 
of a Site based on its historical and current uses. The Phase I ESA was completed in general 
accordance to CSA Standard Z768-01, (R2016). Subject to this standard of care, EXP makes no 
express or implied warranties regarding its services and no third-party beneficiaries are intended. 
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Limitation of liability, scope of report and third-party reliance are outlined in Section 9 of this 
report. 

 

Figure 1: 2019 Virgin Aggregate Production in Tonnes by Ontario Region 

The following Table 2 summarizes some of the figures mentioned in the OSSGA report for 
aggregate hauling distances and associated costs. 

Table 2. Ontario Aggregate Hauling Distances and Associated Costs 

Item Description Figure 

Current Average Hauling Distance for Close-To-Market Production 35 km 

Current Haulage Cost (one-way) $5.92/tonne 

Expected Average Hauling Distance (if the current sources of aggregate are 
exhausted) 

110 km 

Expected Hauling Cost (one-way) $12.67/tonne 

Expected increasing in Hauling Cost of 32-tonne truck load (one-way)  $216 per load 

In this case, the cost of sourcing aggregate would increase the transportation 
costs alone by 

$169 million (double what 
we are currently seeing) 

The additional costs mentioned in Table 2 will be passed on to builders, increasing the cost of 
things like homes, roads, and bridges. Longer distances also mean trucks will not be able to make 
as many trips per day, requiring more trucks and more time driving. As per the same report, 
sourcing aggregates further from market is expected to burn an additional 32.8 million litres of 
fuel, generating an extra 88,594 metric tonnes of CO2 [Green House Gas (GHG)] emissions 
annually.  
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Ester Gerassime, OCC’s economic analyst and author of the OSSGA study report (based on the 
article “Dwindling aggregate supply will lead to significant infrastructure costs: Study” of Angela 
Gismondi, Daily Commercial News, August 23,2022) said the following: 

• “We found, for example, that the additional haul distance or having to bring these 
aggregates farther away would result in an additional $6.2 million to the cost of an 
average subway extension project … as well as $510,000 to the cost of an average 
hospital build,”. “It doesn’t seem like much individually but if you take this on a 
bigger scale, if you’re looking at all the municipalities throughout the GTHA, all of 
this starts to add up.” 

• “What that currently amounts to is about $2.7 million in economic costs under the 
current carbon price of $30 per tonne”. “But by 2030, when the carbon price 
reaches $170 per tonne, the added emissions will cost more than $15 million.” 

• “Without the continued replacement of licensed reserves in the GTHA, you’re 
looking at exhausting all close-to-market aggregates within the next 10 to 15 years 
from now”. “It seems far away but in the aggregates world with regulations, with 
planning, with having to establish where the new sites and quarries are going to be 
and getting the appropriate approvals, all of that takes a lot of time.” 

• “We know from an objective standpoint that there are both economic and 
environmental costs involved and you need to be thinking about who is going to 
bear those additional costs and remain competitive.” 

What is clear is the value of the industry, its integral role in all communities, and the implications 
for hauling aggregates from further distances – increased costs and pollution. As region’s become 
more populated, conflict between residents and pit and quarry operations will increase. There 
are legitimate concerns regarding dust, noise, air quality, water quality, and truck traffic. Based 
on the above, a proactive approach should be adopted in this sector by addressing concerns, 
minimizing environmental impacts, and finding ways to integrate pit and quarry operations 
within each community as well as using RCA instead of using native/virgin aggregate. 

Every year in Ontario, millions of tonnes of reusable asphalt and concrete aggregate is generated 
from road building and other construction projects. These valuable resources are recyclable and 
can be used by municipalities in their roads and infrastructure projects. Unfortunately, municipal 
policies and specifications often prohibit or severely limit the reuse of recycled aggregates in their 
construction projects, and large volumes of recyclable aggregate end up in our landfills. 

Where there is a high level of aggregate production will complete their operational lifespans.  
Combined with an increasingly restrictive zoning and application process for new aggregate 
extraction sites in Ontario, there will be a need to continue to characterize and develop sources 
of reclaimed materials as a sustainable alternative to natural aggregates.  Materials such as RCA 
and RAP are readily available in urbanized regions of Ontario in large quantities as a potential 
alternative material in road structure layers.  Consequently, there is a need to study the benefits 
and the concerns (if any) of using RCA or RCM in a variety of potential alternative applications, 
including in Granular A RCM and Granular A RAP in unbound granular base materials, and/or 50 
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responsible for roads (Director or equivalent) in each municipality was contacted by email to fill 
in an online survey (Questionnaire).  

The study ranked the “leaders” and “laggards” and outlined the maximum use of recycled 
aggregates allowed by Ontario Provincial Standards Specifications (OPSS) [1]. Figure 2 is the 
graphic from the final report. Leaders include the Cities of Toronto and Markham, where 
practices align with Climate Action Goals from reducing the carbon footprint across the cities’ 
buildings, sites, fleet vehicles and infrastructure. To that point, best practices and standards from 
these leaders can be used to challenge the Middle Group and Laggards to follow suit and increase 
the use of RCA within their municipalities. 
 

 

Figure 2. TARBA Leaders and Laggards, Results from April 2018 Independent Study [1] 

The main findings of this research were as follows: 

1) Municipal Rankings: Although Ontario has provincial standards with respect to the use of 
recycled aggregate materials in infrastructure projects, municipalities have discretion in 
the implementation of these standards - and in their local policies. As a result, practices 
can vary widely by municipality.  

The ‘Leaders’ are moving well toward the goal of 
maximum use of recycled aggregates, although all 

have considerable room for increased use 

The middle group are reflecting municipalities that 
are showing some signs of commitment to recycling 
concrete and asphalt aggregates, but which are not 
maximizing the opportunity to recycle enough to be 

included in the ‘Leaders’ category. 

The ‘Laggards’ identified by the red bars are 
municipalities that place greater emphasis on 
restricting the use of recycled aggregates than 

allowing its use in their projects. 
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2) Current Policy Environment: Most municipalities surveyed have an established policy, 

standards or otherwise regarding the use of recycled aggregate materials. Only one 
municipality indicated that they do not have a municipal policy in place as they are 
following the Ontario Provincial Standard Specifications. The following Figure 3 
summarizes the results of the responses to the question “Has your municipality’s policy 
on the use of recycled aggregates changed within the past two years?” 

 

 
 

Figure 3. Current Policy Environment, Results from TARBA 2018 Independent Study [1] 

 
3) Policy Priorities: Based on the responses received almost all municipalities selected 

performance as the most important consideration. The second most important 
consideration is reliability. Factors such as cost efficiency, reducing waste and protecting 
the environment emerged as less important considerations. Figure 4 summarizes the 
priorities and important considerations based on the responses to the question “What 
considerations do you think are most important when setting policy about the use of 
recycled aggregate?” 
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Figure 4. Policy Priorities, Results from TARBA 2018 Independent Study [2] 

4) Future Policy Environment: Based on the responses of the municipalities surveyed, the 
most common response was to indicate that no changes are expected. Half of the 
municipalities do not envision any changes in the near future. In municipalities where a 
policy change is anticipated, six indicated that the shift will be towards higher use of 
recycled aggregates, and one indicated that the shift will be towards lower use. Figure 5 
summarizes the responses to the question “Do you envision your municipality’s policy on 
the use of recycled aggregates to change in the next two years?” 

 

Figure 5. Future Policy Environment, Results from TARBA 2018 Independent Study [1] 
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5) Use of Recycled Aggregates for New Roads and Infrastructure: Based on the responses of the 
municipalities surveyed, most mentioned allowing no or some use of recycled aggregates in base, 
subbase and pavement. Most municipalities allow partial use for trench backfill, engineered fill, 
stabilization, fill under concrete slab, and unpaved shoulders. The highest percentage of 
municipalities allowing full use occurs for lower value applications such as construction access 
roads and bicycle paths. Table 4 summarizes the responses to the question “Please indicate your 
municipality’s standards for the use of recycled concrete and asphalt aggregates for new roads 
and infrastructure”   
 

Table 4. Use of Recycled Aggregates for New Roads and Infrastructure, Results from  
TARBA 2018 Independent Study [1] 

 

6) Use of Recycled Aggregates for Municipal Subdivisions: Based on the responses of the 

municipalities surveyed, most municipalities indicated allowing no use of recycled aggregates in 

new ready mix concrete projects such as subdivision sidewalks and curbs. Most municipalities 

allow partial use for projects such as road base and subbase, trench backfill and engineered fill, 

and in new hot mix asphalt. There were no cases where municipalities require full use in any of 

the types of projects identified. Generally municipal restrictions on the use of recycled aggregates 

are even greater for private subdivision redevelopment than for their own infrastructure projects. 

Table 5 summarizes the responses to the question “Please indicate your municipality’s standards 

for the use of recycled concrete and asphalt aggregates for new roads and infrastructure” in 

municipal subdivisions. 



EXP Services Inc 
The Benefits of Using Recycled Crushed Aggregates in Infrastructure Projects 

Client: TARBA  
BRM-22019043-B0 

 

    11 
 
 

 

 

 
 

Table 5. Use of Recycled Aggregates for Municipal Subdivision, Results from 
 TARBA 2018 Independent Study [1] 

 

Considering the foregoing results and findings, the conclusions of Kate Graham/TARBA research 
[1] are listed below: 

1. Ontario’s largest municipalities have a long way to go before they can fully realize 
the benefits of increased use of recycled aggregate materials. Currently, policies and 
practices across Ontario municipalities vary.  

2. Based on the survey data provided by the municipalities, some municipalities 
emerge as “Leaders” and others as “Laggards” in this area. Even in the municipalities 
identified as “Leaders” there is room for continued growth.  

3. There is much that municipalities can learn from one another in this respect, sharing 
best practices and working together to increase the use of recycled aggregate 
materials in order to realize more of the associated benefits for their communities. 

4. Ontario municipalities may also benefit from looking to the Government of Ontario 
as an example of a public tendering agency that accepts and encourages aggregates 
recycling. About 20 per cent of the aggregates used in Ministry of Transportation 
(MTO) projects - whether for granular base and fills or new hot mix asphalt - are 
recycled asphalt and concrete materials. 

5. Millions of Ontarians rely on their municipalities to build and maintain critical 
infrastructure, such as roads. Citizens also expect that municipal governments will 
pursue opportunities to reduce their impact on the environment, decrease costs, 
and find efficiencies. Increasing the use of recycled aggregate materials in road 
infrastructure projects represents an opportunity to help municipalities achieve 
these objectives. 
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1.3 Project Objectives and Scope 

The main objectives of this study are highlighted under the following topics: 

1) The negative impact of failure to recycle concrete and the benefits to municipalities should 
they allow increased recycled aggregate use in their road construction and other 
infrastructure projects.  These issues are summarized as follows: 

Negative Impact of Failure to Recycle Concrete: 

If not reused, the concrete that is generated from the demolition of buildings and infrastructure 
would end up being stockpiled in growing mountains of urban rubble or dumped in a landfill.  
That is a terrible waste of a precious resource. 

Significant Benefits to Use of Recycled Concrete: 
 

• Using recycled concrete as a gravel reduces the need for fresh gravel from mining 
sources, easing pressure to develop and expand quarry operations.  

• Reduced tippage and related freight charges. By using increased quantities of 
recycled aggregate, which are located close to major construction projects, the need 
to haul fresh aggregate from distant quarries is dramatically reduced. This lowers 
energy consumption and greenhouse gas emissions and accordingly has a 
significantly lower negative impact on the environment. 

• Reduction of landfill space required for concrete debris and keeping aggregate out 
of the waste stream. 

• A more economical source of aggregate compared with newly mined aggregate.  It 
is noted that producing recycled aggregate for reuse is more cost-effective than 
sending un-wanted materials to landfill and incurring a landfill tipping fee. 

• By removing both the waste disposal and new material production costs, 
transportation costs for each specific project are significantly reduced. 

• Reduced GHGs emissions due to lower transportation requirements and 
manufacturing processes when compared to with producing and supplying 
virgin/native aggregates. 

2) Successful projects using RCA1010 on road construction projects. 

3) Unsuccessful project due to previous failure to use RCA1010 in road construction. 

4) Recommended improvements on the quality control and production certification at concrete 
recycling yards/crushers. 

5) The characteristics of Gran A (RCA1010) and comparison with applicable OPSS PROV.1010 
specifications. 

6) The impact of using Gran A (RCA1010) in excess soil management and associated benefits. 
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1.4 Applicable Standard Specifications 

Granular A aggregate shall be processed according to OPSS 1010 and shall conform to the 
requirements of gradation and physical properties as specified in the standard specifications of 
the concerned project. Ontario Provincial Standard Specification (OPSS.PROV or OPSS.MUNI) 
1010, Material Specification for Aggregates – Base, Subbase, Select Subgrade, and Backfill 
Material, contain requirements for a wide variety of aggregate products utilized in the 
construction of road base and subbase layers.  Among these requirements, OPSS 1010 permits 
the use of several types of recycled or reclaimed materials, including recycled concrete aggregate 
(RCA) and recycled asphalt pavement (RAP), in a number of designated classes of aggregate base 
and subbase products including Granular B Type I and Granular B Type III.  At present, however, 
RCA and RAP materials are prohibited from use in Granular B Type II mixes, as this specification 
only permits the inclusion of 100 per cent crushed bedrock, talus, iron blast furnace slag or nickel 
slag.  

The following Table 6 summarizes the gradation requirements of Granular A materials based on 
the OPSS.PROV 1010 Standard Specifications. 

Table 6. Gradation Requirements of Granular A (Granular Base) in Ontario and Associated Specifications 

Item % Passing by Mass – Granular A (OPSS.PROV 1010) 

Sieve No 26.5 mm 19 mm 13.2 mm 9.5 mm 4.75 mm 1.18 mm 300 um 75 um 

Acceptable 

Limits 
100 - 100 

   85 - 100 

  (87-100) * 

65 - 90 

   (75-95) * 

50 - 73 

  (60-83) * 

  35 - 55 

(40- 60) * 
15 - 40 5 - 22 

   2 - 8 

(2-10) ** 

* Where the aggregate is obtained from an iron blast furnace slag source. 

** Where the aggregate obtained from a quarry or slag source. 

The following Table 7 summarizes the allowable percentage of recycled materials in granular 
materials based on the OPSS.PROV 1010 Standard Specifications. 

Table 7. Allowable Limits of Recycled Materials 

Standard 
Specifications 

Material 
Allowable Percentage of Recycled Material (%) – by mass 

RCA RAP 

OPSS.PROV 1010 
(April 2013) 

Granular A Not specified Up to 30 % 

Granular B Type I and Type III Not specified Up to 30 % 

Granular B Type II 0 % (Recycled materials shall not be permitted) 

The following Table 8 shows the required physical properties of granular base materials (Granular 
A) based on the OPSS.PROV 1010 Standard Specifications.  
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Table 8. Physical Properties of Granular A (Granular Base) Based on OPSS.PROV1010 

Physical Property OPSS.PROV 1010 (April 2013) 

Coarse Aggregate Petrographic Requirement (LS-609) Test is Not Specified 

Fine Aggregate Petrographic Requirement (LS-616) Test is Not Specified 

Micro-Deval abrasion coarse aggregate loss, % maximum (LS-618) 25 % 

Micro-Deval abrasion fine aggregate loss, % maximum (LS-619) 30 % 

Plasticity Index, maximum (LS-703/704) NP (Non-Plastic– LS-631) 

Percent crushed, minimum (LS-607)  60 % 

Asphalt Coated Particles, % maximum (LS-621) 30 % 

Recycled Concrete Materials, % maximum Not specified 

Amount of Contamination, % maximum (LS-630) <= 1 % (total, combined) 

<= 0.1 % (wood only) 

Sulphate Concentration (Environmental) Not Specified 

Determination of Permeability, k (LS-709) k > 1.0 x 10^-4 cm/s 

1.5 Work Approach and Methodology 

For this study, four (4) specialized teams from EXP have been involved to achieve the objectives 
(i.e., Pavement, Concrete, Excess Soil Management/ Environmental, and Sustainability). The 
adopted approach has included the following: 

A. Collaborate with Roads Authorities  

o Convene meetings with appropriate MTO staff to get feedback on their 
requirements to achieve the objectives of this study and outline MTO 
requirements for publishing a paper based on this study.  

o Communicate with selected road authorities/municipalities to collect related 
information and previous cases of using recycled concrete material/aggregate.  
This included conducting three (3) site visits for previous construction projects 
where recycled concrete aggregates (base and/or subbase layers) were used. 

B. Desktop Review of Historical Records  

1. Communicating with TARBA to collect related documentation/records as well as 
to arrange for sample collections from different yards/stockpiles. 

2. Review the historical records of EXP from previous projects where recycled 
crushed aggregate (RCA) has been used. 

3. Conduct literature review for previous related studies, research papers and best 
practices including literature from the MTO archives. 
 

4. Present previous successful projects of highways, municipal roads, airfield 
facilities, and development engineering projects. 
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C. Laboratory Testing 

1. Conduct six (6) site visits for different yards to collect one Gran A (RCA1010) 
sample from each location for the testing program, familiarization with the 
applied quality control measures and taking site photographs. In addition, two (2) 
crushed limestone samples and one (1) native sand and gravel sample of Gran A 
were obtained from three (3) different yards.  

2. Perform laboratory testing as described in other sections of this study report and 
comparing with acceptable limits of current OPSS.PROV 1010. 

D. Study Report Preparation  

Preparation of a comprehensive study report in collaboration with the MTO, including a 
summary of the related literature review, previous related projects, laboratory test results, 
statistics/charts, photographs, conclusions and next steps.  

E. Conference Preparation  

EXP (as cowriter) has worked with the appropriate MTO staff to prepare/produce a technical 
presentation at the 2022 Municipal Engineers Association (MEA) Annual Conference on 
November 18, 2022.  This presentation will be prepared in accordance with the requirements 
of the organizer of the conference hosted by the City of Toronto and be held at the Chelsea 
Hotel in downtown Toronto). 

F. Attend 2022 Municipal Engineers Association (MEA) Conference 

Jointly with MTO staff, staff from EXP will attend in-person the 2022 Municipal Engineers 
Association (MEA) Conference which will be held on November 15 - 18 2022. 
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2. Literature Review 

2.1 General   

The widespread acceptance of RCA in pavement base layer applications is probably because 
these uses offer some of the greatest environmental benefits at a low cost, while providing the 
potential for performance that meets or exceeds what can be achieved with natural aggregate. 
The constructability, qualification testing and applicable standard specifications, and pavement 
design considerations should be considered while using RCA in both unbound and bound 
(stabilized) RCA base applications. 

Many previous studies/research/technical publications conducted in Ontario and elsewhere in 
North America and around the world have studied the impact and viability of Recycled Concrete 
Aggregate (RCA) as constituent materials of unbound granular layers in the pavement structure. 

As per Circular Economy Solutions Series - Workshop Summary Report, dated February 2022” [2], 
the main challenges and perceived risks with using Recycled Concrete Material (RCM) can be 
categorized as follows:  

1) Quality and Consistency Concerns (contamination and deleterious materials may  
create environmental and/or performance-related challenges). 

2) Performance Issues (strength, log-term durability, freeze-thaw resistance and  
drying and wet cycles). 

3) Availability and Cost (availability and distance travelled can affect cost, and recycled  
materials may not be available in less urban centres).  

4) Prescriptive Standards (prescriptive specifications can create issues with maximizing  
the use of recycled aggregate). 

5) Lack of Consistent Approaches (lack of harmonized approaches across local  
governments and regions makes it challenging for industry to invest in the 
infrastructure and provide consistent supply when demand is unreliable).   

6) Perceived Risks and/or Business As Usual (sometimes, it can be a lack of familiarity  
with using or specifying recycled aggregate in projects, or a previously negative 
experience that might keep people from wanting to use it in the future). 

As per Kim, Ceylan et al. 2011 [3], in 2002 a memorandum was released by the Federal Highway 
Administration (FHWA) agency within the U.S. Department of Transportation, which has 
accentuated the interest of FHWA in using recycled material products in the national highway 
system. Thereafter, in the United States, over 130×106 tons of construction and demolition (C&D) 
waste is produced each year of which around 70 % of RCA is produced and used in pavement 
construction and particularly as a granular material in base and subbase layers (Gabr, Cameron 
et al. 2012 [4]).  In the 1990s, Australian authorities started the technology of using RCA in lightly 
trafficked road construction. In 2004 and 2005, South Australia was generating around 1.5 million 
tons of C&D waste of which 70% was recovered. In recent years, over 500 million kg of RCA have 
been produced annually in South Australia, mostly from building demolition waste, and a 
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significant proportion of this is used in pavement construction (Gabr, Cameron 2012 [5]). In 
Europe, from 1945 to 2000, around 600×106 m3 of waste masonry was used in the rebuilding of 
Germany after World War II. Whereas, in 1998 about 350,000 tons of crushed concrete was used 
in base and subbase layers of Finland’s road construction (Gabr, Cameron et al. 2012 [4]). 

As per the Construction & Demolition Recycling Association (CDRA) [6], Unstabilized (granular) 
base applications are the most common use of RCA produced from concrete pavements. Figure 
6 shows that at least 34 states currently allow the use of RCA in pavement base applications 
based on a 2012 survey of state materials engineers. Of the six responding states that did not 
then allow the use of RCA as an aggregate base, two were considering allowing its use and a third 
indicated that RCA would be used if requested. 

 

Figure 6. Responses to 2012 Survey of RCA Use for Unbound Bases (CDRA 2012) [6] 

As per U.S Department of Transportation, FHWA State of the Practice National Review, 
“Transportation Applications of Recycled Concrete Aggregate” September 2004, the State 
Transportation Agencies were surveyed to determine the current uses of RCA.  From the results 
of this survey, five states were identified as being among the highest consumers as well as large 
suppliers of RCA in the United State.  The following three figures (Figure 7 through Figure 9) 
depict the extent of use for recycled concrete aggregate as determined by the survey results 
throughout the United States. In Michigan, recycled concrete has been a favoured material in 
more than two dozen MDOT projects since 1983. 
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Figure 7. US States Recycling Concrete as Aggregate (FHWA-TAORCA-2004) 

 
Figure 8. US States Recycling Concrete as Aggregate Base (FHWA-TAORCA-2004) 

 

 
Figure 9. US States Recycling Concrete as Aggregate for PCC (FHWA-TAORCA-2004) 

As per American Concrete Pavement Association (ACPA) [7], concrete recycling can also produce 
economical dense-graded base materials that include higher proportions of crushed concrete 
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particles of all sizes. Dense-graded RCA bases are highly effective because the angular, rough-
textured particles provide excellent stability, while the secondary hydration of RCA fines often 
results in further strengthening of the base layer. 

2.2 Previous Studies and Research  

Snyder [8] in his research, discussed the following performance considerations, qualification 
testing, and environmental considerations of using recycled concrete aggregate (RCA) in the 
unbound aggregate base applications: 

➢ Performance Considerations  

1) Structural Performance  

RCA has been widely and successfully used in unbound base layer applications. The 
available literature yielded no reports of pavement performance problems related to 
structural deficiencies in any properly designed and constructed RCA foundation layer. In 
fact, some agency engineers believe RCA outperforms natural aggregate in unbound base 
applications (FHWA 2004). 

While there are anecdotal reports of possible frost and/or moisture heave in some more 
densely graded RCA base materials in Michigan and Minnesota, these problems seem to 
disappear with more open gradations (e.g., permeability greater than ~300 ft/day, or 
1.05x10^-3 m/sec), which can be achieved by removing 15% to 25% of the fines (whether 
recycled or not) or by limiting the percent passing through the No. 200 sieve to 6% or less. 
An alternate approach is to stabilize the RCA with cement or asphalt to bind the fines that 
would otherwise be susceptible to frost or moisture heave. 

2) Drainage Performance  

RCA has been used with great success in most pavement base applications, especially in 
dense-graded, undrained foundation layers and fill applications. The use of RCA in 
unbound applications that are exposed to drainable water (e.g., free-draining base layers, 
drainpipe backfill material, and dense-graded base layers that provide significant flow or 
runoff to pavement drainage systems) has been associated with the deposit of crushed 
concrete dust and leachate (calcium carbonate precipitate or “calcareous tufa”) in 
drainage pipes and on filter fabric. 

Although these products can clog the fabrics and form deposits in drainage pipes, thereby 
inhibiting the function of the drainage system, they typically do not affect the 
performance of the foundation system. However, in extreme cases, they can cause water 
to be retained in the pavement structure for longer periods. 
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Accumulations of precipitate and residue in drainage pipes can be significant and can 
reduce discharge capacity, but rarely (if ever) completely prevent drainage flow. The 
accumulation of these materials typically takes place early in the pavement life and 
dissipates as the dust and soluble calcium hydroxide are removed from the RCA surface.  

The mechanism of precipitate formation was explained by Bruinsma et al. (1997). The 
authors described the dissolution of calcium hydroxide (a by-product of cement 
hydration) into water from freshly exposed crushed concrete surfaces and the 
subsequent precipitation of calcium carbonate as the dissolved calcium hydroxide reacts 
with atmospheric carbon dioxide. Therefore, all recycled concrete aggregates that are 
exposed to water have the potential to produce precipitate, regardless of the product 
gradation. 

The amount of precipitate that will be produced is directly related to the amount of 
freshly exposed cement paste surface (i.e., increased quantities of cement paste fines), 
the amount of water flowing over the aggregate surfaces, and the amount of time that 
the water is exposed to atmospheric conditions. The potential for precipitation decreases 
with time as the available calcium hydroxide is depleted. Additional possible mechanisms 
include evaporation and temperature changes that result in supersaturation of the 
calcium hydroxide-infused solution, resulting in precipitate formation. 

Bruinsma (1995) and Tamirisa (1993) also determined that as much as 50% of the material 
deposited in drainage structures and on associated filter fabrics may be dust and insoluble 
residue produced by crushing operations. Washing RCA prior to use reduces the presence 
of this material (Bruinsma 1995). 

Snyder (1995) and Snyder and Bruinsma (1996) summarized several laboratory and field 
studies to characterize and identify solutions to the potential problems of accumulated 
precipitate and dust/insoluble residue from crushing. The following techniques have been 
suggested and can often be used in various combinations to prevent problems with 
pavement drainage systems when using unbound RCA base materials in drainable layers: 

❖ Production and Stockpiling: Carefully select the crusher type for the aggregate 
gradation being produced to reduce the generation of fines and the need for 
mitigation measures. Good stockpile and material management practices can also 
reduce RCA degradation, which produces fines. 

❖ Washing: Wash the RCA or use other dust removal techniques (such as air blowing) 
prior to placement in the base to minimize the contribution of “crusher dust” to 
drainage system problems. While washing is effective for controlling crusher dust, it 
is not believed to significantly reduce the potential for precipitate formation. 

❖ Avoid using Fine RCA: Selectively grade the RCA to eliminate the inclusion of fine RCA 
particles (i.e., material passing the No. 4 sieve, which has the greatest surface area 
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per unit weight of material), which will significantly reduce inclusion of crusher dust 
and potential for precipitate formation. Use unbound fine RCA in layers that do not 
transport water to the pavement drainage system. 

❖ Blend with Virgin Aggregate: Use virgin aggregate to partially replace the RCA 
(particularly for small particle sizes) to reduce inclusion of crusher dust and the 
potential for precipitate formation. 

❖ Use High-Permittivity Filter Fabrics: Use filter fabrics with initial permittivity values 
that are at least double the minimum required so that adequate flow will be 
maintained even if some clogging takes place (Snyder 1995). 

❖ Use Effective Drainage Design Features: Design the drainage system to allow residual 
crusher dust to settle in a granular filter layer at the bottom of the trench rather than 
allowing direct entry to the pipe. This can be accomplished by placing the pipe (with 
slots oriented to the bottom) on the filter layer rather than directly at the bottom of 
the trench. Also wrap the drainpipe trench (rather than wrapping the pipe) to prevent 
fines from the subgrade and fore-slope from clogging the trench backfill material (see 
Figure 10). 

 

Figure 10. Typical Drainage System for Use of Free-Draining RCA Base (© ACPA) [8] 

❖ Use Daylighted Base Designs: Consider using daylighted base designs, where a 
drainable base layer is extended across the shoulder to the face of the fore-slope and 
drains directly to the ditch rather than to a pipe underdrain system. Day-lighted base 
designs are described in the American Concrete Pavement Association's (ACPA's) 
Engineering Bulletin EB204P (ACPA 2007). 

❖ Stabilize the Base: Stabilize the base layer with cement or asphalt. This is an effective 
strategy for reducing dust and leachate concerns. 
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➢ Qualification Testing 

1) Gradation: Unbound RCA base materials are typically required to meet the same 
grading requirements (e.g., AASHTO M 147 [2017], ASTM D2940/D2940M, or local 
requirements) that are applied to conventional unbound base materials to ensure 
stability (for both the pavement structure and the paving equipment) and the desired 
degree of drain-ability. The aggregate top size should not exceed 1/3 of the layer 
thickness, and base layers thicker than 6 in. are not economical or recommended in 
most cases.  

Regardless of the size(s) produced, the Gradation Bands/Specifications should be 
adjusted to provide suitable gradations for the intended application (e.g., free-draining 
vs. dense-graded) and to minimize production of materials that cannot be used.  

Guidance on specific gradations to achieve un-stabilized base materials that provide 
good stability with varying degrees of permeability (free drainage capacity) can be 
found in the ACPA’s Engineering Bulletin EB204P (ACPA 2007). 

2) Other Physical Requirements: 

o Los Angeles (LA) Abrasion Test: LA abrasion test (AASHTO T 96) requirements for RCA 
are typically the same as for natural aggregate materials (i.e., loss of not more than 
50%). RCA usually meets this requirement without difficulty but generally exhibits 
higher losses than most conventional aggregate types. This can be a concern in 
construction, where compaction efforts result in an effective change in gradation. 

o Soundness Testing: Soundness testing of RCA is sometimes required but cannot be 
performed with conventional sodium or magnesium sulfate soundness tests (AASHTO T 
104) because RCA is susceptible to sulfate attack, which produces unusual mass loss 
values that are not representative of the actual durability of the RCA. Therefore, 
soundness testing of RCA is often waived (particularly for unbound base applications). 
For similar reasons, unbound RCA bases should not be used in areas with high-sulfate 
soils. 

AASHTO M 319 describes alternative soundness testing approaches, including AASHTO 
T 103 (a freeze-thaw procedure conducted in water with 25 cycles of freezing and 
thawing and a maximum allowable loss of 20 %). Other listed alternates are the New 
York State Department of Transportation Test Method NY 703-08 and Ontario Ministry 
of Transportation Test Method LS-614, both of which involve freeze-thaw cycles in a 
sodium chloride brine solution with a maximum allowable mass loss of 20 %. 

o Deleterious Materials (Foreign Materials): Limits on deleterious materials are often 
applied because, while RCA primarily comprises crushed concrete material and natural 
aggregate particles, it is not uncommon to find that some natural soils, asphalt concrete 
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(from shoulder, base, or repair materials), and other potentially deleterious materials 
have been included. These materials should be limited as follows: 

▪ Bituminous Concrete Materials: Bituminous concrete materials are limited to 5% or 
less, by mass, of the RCA in AASHTO M 319, with a note that validation testing should 
be performed to justify the use of higher percentages. Appendix X4 of that specification 
describes the use of the California Bearing Ratio test (AASHTO T 193) and the resilient 
modulus test (AASHTO T 307) for validation. The specification also describes validation 
by field application (construction of a test strip or historical data to show that higher 
percentages of asphalt concrete will not adversely affect the performance of the 
granular base). As a result, many agencies allow significantly more than 5% asphalt 
material in their unbound RCA base materials. 

▪ Liquid Limit, Plasticity Index, and Sand Equivalent Test: AASHTO M 319 limits the 
inclusion of plastic soils such that the liquid limit (AASHTO T 89) of materials passing the 
No. 40 sieve is 30 or less and the plasticity index (AAS-HTOT 90) of the same material is 
less than 4. Alternatively, the sand equivalent test (AASHTO T 176) value of the same 
material must be a minimum of 25%. 

▪ Solid Waste or Hazardous Materials: RCA should be free of all materials that can be 
considered solid waste or hazardous materials, as defined locally. 

▪ Deleterious Materials: RCA should also be “substantially free” (i.e., each less than 0.1% 
by mass) of other potentially deleterious materials such as wood, gypsum, metals, or 
plaster. These limits can be adjusted if it is determined that the adjustments will not 
have a negative impact on the performance of the base course. 

➢ Environmental Considerations 

Due to the nature of RCA base materials, there is the potential for heavy metals to be 
released and be present in the RCA base drainage effluent (Chen, et. al, 2013). Based on 
their findings, it was concluded that the major elements that would be released from the 
RCA granular base materials consists of calcium, iron, aluminum, magnesium, sodium and 
potassium. Additionally, trace concentrations of arsenic, barium, cadmium, cobalt, 
chromium, copper, molybdenum, nickel, lead, antimony, selenium, and zinc were also 
noted. The reported concentrations of the trace metals in the RCA leachate testing 
conducted as part of the 2013 study were found to occasionally exceed the EPA drinking 
water standards for arsenic, chromium, lead and antimony. The levels of selenium were 
reported to exceed the standards throughout the study period. However, the results were 
reported to be at similar levels to the baseline testing results of locally sourced virgin 
aggregate. 

Water percolating through RCA foundation layers can result in effluent that is initially 
highly alkaline, often with pH values of 11 or 12. This is an effect that generally diminishes 
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with time in service as the calcium hydroxide near the exposed RCA surfaces is dissolved 
and removed from the system. Furthermore, this high pH effluent is generally not 
considered an environmental hazard, because it is effectively diluted with much greater 
quantities of surface runoff at a very short distance from the drain outlet (Sadecki et al. 
1996, Reiner 2008).  

It is not uncommon, however, to see very small regions of vegetation kill in the immediate 
area of the drain outlet. Awareness of the sensitivity of local soils, surface waters, and 
groundwater to the presence of alkaline effluent may necessitate setting limits on the 
proximity of RCA placement to sensitive areas. This same effluent may also cause or 
accelerate corrosion of exposed metals in culverts and other appurtenant structures, so 
those types of exposure should be avoided. 

The gradation and washing recommendations previously provided to prevent precipitate 
formation are generally effective in reducing initial pH levels in RCA base drainage effluent 
(Snyder and Bruinsma 1996). Chapter 7 of Snyder et al. (2018) offers additional 
information and guidance on mitigating the presence of elevated pH effluent and other 
environmental concerns associated with concrete recycling. 

It should be noted that Snyder [8] in his research, also discussed the performance considerations, 
qualification testing, and environmental considerations of using recycled concrete aggregate 
(RCA) in the bound (stabilized) base applications. 

Tuncer B. Edil et al [9] in their study, mentioned that the extensive investigation undertaken on 
RCA and RAP indicate that these materials are generally suitable for unbound base course 
applications, and they show equal or superior performance characteristics compared to natural 
aggregates in terms of stiffness, freeze-thaw and wet-dry durability, and toughness. No apparent 
trends were observed between resilient modulus (SRM) and brick content of RCA, but a decrease 
in plastic strain was observed with increased brick content.  RCA has high absorption capacity 
due to the porous nature of the cement paste portion.  Therefore, the amount of water required 
to achieve the maximum dry unit weight (MDU) for RCA is higher than for natural aggregate and 
RAP. 

The effect of compaction was evaluated by varying the effort of compaction and running resilient 
modulus tests on the specimens to compare compaction effort on stiffness.  A decrease in 
compaction effort resulted in lower SRM for all materials, but the decrease was greater in the 
recycled materials than in natural aggregate. The resilient modulus decreased with an increase 
in moisture content for RAP and RCA. The effect of compaction moisture content on resilient 
modulus was greater for RCA than RAP. The rate of decrease in SRM for RAP is lower than RCA. 

The RCA specimens saw a decrease in stiffness after the first five freeze-thaw cycles, but then an 
increase in stiffness after 10 and 20 freeze-thaw cycles, which may be attributed to progressive 
generation of fines and hydration of cement paste. Overall, both RAP and RCA had higher 
stiffness than Class 5 (natural aggregate) regardless of the number of freeze-thaw cycles. 
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Micro-Deval and particle size distribution tests were conducted on RAP, RCA, and natural 
aggregate after 5, 10, and 30 wet/dry cycles and no apparent trend was found between particle 
degradation and wet/dry cycling of the material.    

Adam Schneider et al [10] in their study, evaluated the performance of reclaimed materials 
meeting the particle size and physical quality requirements of OPSS 1010 for Granular B Type II 
unbound dense-graded subbase materials as an alternative to the use of crushed rock (either in 
whole or in part). From two different source locations, five subbase test mixtures of differing 
volumetric proportions of crushed rock, crushed RCA and processed RAP (100 % crushed rock, 25 
% crushed RCA blended with 75 % crushed rock, 50 % crushed RCA blended with 50 % crushed 
rock, 100 % crushed RCA, and 70 % crushed RCA blended with 30% crushed RAP) were utilized in 
this study. Field testing programs indicate that the subbase test mixtures meeting OPSS Granular 
B Type II gradation requirements and incorporating different proportions of crushed rock, RCA 
and/or RAP exhibit similar field rolling compatibility relative to 100 % crushed rock.  The mixes 
incorporating 100% crushed rock showed aggregate breakdown on all measured sieves and an 
increase in material passing the 75µm sieve based on gradation tests conducted before and after 
compaction, whereas some of the mixes having blends of RCA and/or RAP showed some 
aggregate breakdown with only minimal increases in material passing the 75µm sieve.  Tests 
using a lightweight deflectometer (LWD) were subject to substantial variability but indicated that 
mixes using elevated levels of RCA (50% and 100%) can potentially have lower in-situ moduli 
compared to the other blends tested. Laboratory tests indicate that high replacement levels of 
RCA can be used in subbase materials as a substitute for 100% crushed rock while maintaining 
good water permeability characteristics and similar or higher resilient moduli in blends 
incorporating RCA and/or RAP.  CBR testing results were similar across all test blends 
incorporating crushed rock and RCA, but also indicated that the inclusion of 30% RAP can 
potentially reduce the bearing capacity of the granular material by approximately 30-40 % in 
comparison to all other blends which do not contain RAP. Based on the results of this study, RCA 
and RAP appear to be capable of successfully substituting for natural aggregates in Granular B 
Type II in a range of compositional proportions.   

As per MTO Report MI137 “The use of Recovered Bituminous and Concrete Materials in Granular 
and Earth” dated December 1989 [11], it is mentioned that in Ontario, only certain municipalities 
have used recovered concrete products in granular base to any great extent, confirming that the 
Ministry has used them as a substitute for granular base from as early as 1971. MTO encourages 
the use of recovered construction materials in highway contracts, in keeping with the Provincial 
Government Policy on Sustainable Development. This policy will (i) reduce the use of virgin 
aggregates which are a non-renewable resource; (ii) reduce the accumulation of waste products; 
and (iii) use a product that is probably superior to standard granular materials.  

Jeffrey S. Melton [12], described the attributes of the Recycled Concrete Aggregate (RCA) and 
Building Derived Concrete (BDC) as shown in the following Table 9.  
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Table 9. Comparison Between Recycled Concrete Aggregate (RCA) and Building Derived Concrete (BDC) [12] 

Item Description Recycled Concrete Aggregate (RCA) Building Derived Concrete (BDC) 

Source mostly obtained from concrete pavements Crushed concrete primarily derived from the 
demolition of industrial buildings and related 

infrastructure 

Contamination Generally free of other materials Can contain stone, brick, asphalt pieces, porcelain and 
decorative concrete.  May also have a higher soil 

fraction 

Gradation Fines from the mortar fraction can cause “self-
cementation” or “re-cementation” when water 
is added.  Individual particles adhere, forming a 

stiffer layer 

Gradation depends on processing, but typically has a 
higher fine content. 

Absorption Higher for RCA than natural aggregates, and 
ranges between 4 and 8 % 

Higher for BDC than natural aggregates. Depends on 
proportions of concrete, rock, RAP, etc. 

Specific  
Gravity 

2.0 % for fines and 2.5 % for coarse particles. It 
is slightly lower than that of natural aggregates 

due to the mortar fraction. 

2.0 % for fines and 2.5 % for coarse particles. It is 
slightly lower than that of natural aggregates due to 

the mortar fraction and RAP. 

Stability High friction angle, typically in excess of 40°.  
Good stability and little post-compaction 

settlement. 

Generally has a medium to high friction angle due to 
the crushed aggregate. 

Strength 
Characteristics 

Crushed RCA is highly angular in shape.  The 
California Bearing Ratio (CBR) values range 

from 90 to more than 140, which is 
comparable to crushed limestone aggregates. 

The CBR values are similar to RCA (>90) but decrease 
with the addition of RAP.  Also, brick tends to lower 

CBR, especially wet CBR 

Durability Generally, exhibit good durability with 

resistance to weathering and erosion. RCA is 

non-plastic and is not susceptible to frost. 

Generally exhibit good durability with resistance to 

weathering and erosion. Presence of clay-based 

aggregates may increase moisture sensitivity and 

weathering 

Drainage 

Characteristics 

RCA (mainly coarse fraction) is free draining 

and is more permeable than conventional 

granular material because of lower fines 

content. 

BDC is generally free draining because the fines are 

usually screened off. 

pH and Tufa The initial pH of pore water in the can be 11 or 

greater but decreases with time.  The release 

of calcium compounds has sometimes caused 

creation of “tufa”, a form of calcium 

carbonate.  However, removing the fine 

fraction (#4 mesh) greatly reduces pH 

problems. 

Like RCA, the initial pH of pore water in the can 

elevated but decreases with time.  Since BDC contains 

a much higher fraction of non-concrete material, pH 

issues are not as significant. 

SRM MR Values From 

RMRC** 

RCA → 178 MPa* BDC → 223 MPa* 

*    SRM MR Values From RMRC: Class 5 Aggregate → 152 MPa; Crushed Gravel → 174 MPa; Sand → 181 MPa.  

**  Summary Resilient Modulus evaluated at a bulk stress of 208 kPa.  In both studies the recycled materials  
      performed better than natural aggregates. 
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Figures 11 and 12 show photographs of the Recycled Concrete Aggregate (RCA) obtained from 
concrete pavements and Building Derived Concrete (BDC), respectively, based on reference [17]. 

   

Figure 11. Photo of Recycled Concrete Aggregate (RCA) Obtained from Concrete Pavements [12] 

 

Figure 12. Photo of Building Derived Concrete (BDC) [12] 
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Adam Redling [13], posted his article mentioning that the researchers at the University of British 
Columbia (UBC) Okanagan’s School of Engineering conducted side-by-side comparisons of 
recycled and conventional concrete within two common applications—a building foundation and 
a municipal sidewalk. In conducting the study, UBC researchers tested the compressive strength 
and durability of recycled concrete compared with conventional concrete. They found that the 
recycled concrete had comparable strength and durability after five years of being in service. The 
results of a new five-year study of recycled concrete show that it performs as well, and in several 
cases, even better than conventional concrete, researchers say.  

Within the findings, the researchers discovered that the long-term performance of recycled 
concrete adequately compared to its conventional form and experienced no issues over the five 
years of the study. In fact, the recycled concrete had a higher rate of compressive strength after 
28 days of curing while maintaining a greater or equal strength during the period of the research, 
according to the university. The researchers suggest the recycled concrete can be a 100 percent 
substitute for non-structural applications. 

“As innovations continue in the composition of recycled concrete, we can envision a time in the 
future where recycled concrete can be a substitute within more structural applications, as well,” 
the researchers stated in a release. 

According to Shahria Alam, co-director of UBC’s Green Construction Research and Training 
Center and the lead investigator of the study, “we live in a world where we are constantly in 
search of sustainable solutions that remove waste from our landfills”, “A number of countries 
around the world have already standardized the use of recycled concrete in structural 
applications, and we hope our findings will help Canada follow suit.”, “Waste materials from 
construction and demolition contribute up to 40 percent of the world’s waste”, and in Canada, 
that waste amounts to 9 million metric tons per year. 

Nazanin Ardalan et al [14] in their study, evaluated the application of Recycled Concrete 
Aggregate (RCAg) as an unbound granular base course material for road construction in New 
Zealand by investigating the physical properties of recycled concrete aggregate and their 
engineering performance (durability) through experimental laboratory-based tests and 
compares the characteristics of tested RCAg with the specification of Basecourse materials (NZTA 
M4). The results proved that RCAg meets the requirements of New Zealand basecourse 
specification and the 28 days cured specimens reached higher strength and stiffness. On the 
other hand, the self-cementing property of RCAg affects the rutting of pavement. According to 
tests results (in terms of gradation, some physical properties, compaction, strength and stiffness, 
and the range of existing contamination in recycled concrete aggregate), tested RCAg had proven 
to meet a ‘premium’ grade product and it is expected that crushed recycled concrete if 
production is appropriately managed, could have high potential use as a base course material in 
road construction and in some cases perform better than common natural aggregates. 

Colin Leek et al [15] in their study, documented Western Australia experience in the use of 
recycled road base sourced from demolition materials and investigates the properties and 
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performance characteristics of both recycled products and new quarried road base to enable a 
comparison of performance. The study discussed the performance of three roads (Gilmore 
Avenue, Welshpool Road, and Warton Road) where different road base materials (crushed 
granite road base CGRB, crushed recycled road base containing concrete only CCRB, and crushed 
recycled road base containing mixed demolition materials CDRB) were used after considering the 
results of the visual pavement condition survey (pavement distresses), deflection testing 
(Benkelman Beam and/or FWD testing), Particle size distribution and Atterberg limits, 
Unconfined compressive strength (UCS), and Repeat load triaxial testing (RLTT). Based on the 
research undertaken in WA, the following generalized observations were provided: 

o Recycled road base materials sourced from recycled demolition materials can 
provide a good quality high strength base for roads. 

o Recycled base material are likely to give an increased asphalt fatigue life, but some 
minor block cracking may be the compromise. 

o The source of concrete in recycled materials may have a significant effect on 
rehydration and subsequent excessive stiffness and block cracking. 

o It is probable that the addition of brick, tile and or sand as a fine material into the 
recycled product may control excess stiffness and limit the effects of rehydration. 

o Rehydration may not be adequately described by a 28-day UCS. 
o Further research into the rehydration effects of recycled road base is required. 
o Further research into the source of the concrete and its effect on stiffness is 

required. 
o Further research into the effect of the source of fines on the long-term stiffness of 

recycled materials is required. 

Colin Leek et al [16] in their study, evaluated seven different types of recycled aggregates from 
construction and demolition waste (CDW) as granular materials for unbound road sub-bases 
construction. The results showed that recycled concrete aggregates complied with all 
specifications for use in the construction of unbound structural layers (sub-base) for T3 and T4 
traffic categories according to the Spanish General Technical Specification for Road Construction 
(PG-3). Some mixed recycled aggregates fell short of some specifications due to a high content 
of sulphur compounds and poor fragmentation resistance. Sieving off the fine fraction prior to 
crushing the mixed CDW reduces the total sulphur content and improves the quality of the mixed 
recycled aggregates. By contrast, pre-sieving concrete CDW had no effect on the quality of the 
resulting aggregates. The results were compared with a crushed limestone as natural aggregate. 
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2.3 Previous Selected Successful Projects  

2.3.1 Airfield Projects 

Project (1): Lester B. Pearson International Airport - Old Terminal 1: Decommissioning and 
Demolition - 2004 

Project Description: On November 3, 2004, the last piece of the structure was demolished and 
old Terminal One was passed into the aviation history books. The rubble from the former old 
Terminal 1 rises and lives as part of the foundation for the new airport facility, considering that 
the old Terminal 1 was located in the new apron development area, as shown in Figure 13. 
Material recycling involves the salvaging process by the owner and the trade contractor. Reuse 
and recycle of a minimum of 80 % of the construction and demolition waste was one of the main 
objectives and targets of this project. The second important target/objective was to remediate a 
minimum of 90% of petroleum hydrocarbon and glycol impacted soil and/or gravel encountered 
during the work period. The concrete rubble from the demolition of the former Terminal 1 
structure amounted to a total quantity of 253,000 tonnes (refer to Table 10, based on TP-C01-
001 Waste Reduction Work Plan Summary). The rubble concrete was transferred to an on-site 
holding area for crushing and processing, as shown in Figure 14. The concrete debris was 100 % 
recycled to an engineering backfill with a gradation similar to Granular B. The processed concrete 
was used as the apron’s subbase holding up the final concrete and HMA apron structure. The 
subbase use was per Greater Toronto Airport Authority’s (GTAA’s) requirements (Refer to the 
following Table 11, based on Specification Documents. TP-G02-001 Apron Stage 2 2004). This 
project would be an ideal model for 3Rs (Reduce, Recycle, and Reuse) with the largest emphasis 
on Recycling.  

 

 

Figure 13. Pearson International Airport - Old Terminal One Located in the New Apron  
Development Between the New Pier E and the Constructed Pier F (2004) 
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Table 10. Pearson Int. Airport – Total Quantities of Recycled Material from Old Terminal 1Project (2004) 

 

 

 

Figure 14. Pearson International Airport –  
One Site Concrete Crushing Plant and Processed Concrete Backfill (2004)  
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Table 11. Crushed Debris Specifications (Subbase) from Concrete Crushing Plan (2004) 

 

Year of Demolishing and Recycling of Old Terminal One: 2004 

Year of Construction of New T1 Apron: 2006 

Source of Information: Lester B. Pearson Airport Greater Toronto Airports Authority, “Old 
Terminal 1 Decommissioning and Demolition”, Paper prepared for presentation at the 
"Innovations in Bridge Engineering (A)" Section of the 2005 Annual Conference of the 
Transportation Association of Canada, Calgary, Alberta. 
 

EXP - CYYZ Geotechnical Investigation and Pavement Rehabilitation Design for Various 
Locations (2021-2022)  

• Age of Existing Pavement: The age of the existing flexible pavement is about 16 years, 
considering that original construction was between 2004 and 2006.  A few localized 
resurfacing activities were carried out in 2016 and 2019 for not tracked areas. No 
rehabilitation works were carried out since original construction of the T1 Apron. 

• Pavement Condition and Observed Defects at T1 Apron: 
The existing flexible pavement is in fair condition (including previous localized patches) 
with occasional construction joint cracking is being of slight to moderate severity and 
slight asphalt raveling, as shown in Figure 15 and Figure 16 for 2021 site photographs. 
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Figure 15. Pearson International Airport – T1 Apron Asphalt   
Observed Patches in Fair Condition (EXP - November 2021) 

 

 
Figure 16. Pearson International Airport – T1 Apron Asphalt, Occasional  

Construction Joint Cracking in Slight to Moderate Severity.  
Occasional Asphalt Raveling in Slight Severity (EXP - November 2021) 

 

• Geotechnical Investigation and Subsurface Conditions (November and December 
2021): 

o Granular and soil are generally in very dense state, occasional hard. 
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o No free water was encountered at any of the three drilled boreholes in T1 Apron. 
Filed moisture content of granular materials ranged from 3.1 % to 8.2 % (5.9 % 
average). 

o The existing pavement structure consists of HMA (Between 150 mm and 190 mm, 167 
mm average), over granular materials (Between 1060 mm to 2,290 mm, with 1,738 
mm average). It should be noted that occasional trace brick fragments were 
encountered in one borehole at a depth between 635 mm and 2500 mm. 

o The current ICAO- PCN Code for T1 Apron as per the Airport PLR Chart is 83/F/C/1.75 
MPa Max /T (PLR = 12). However, based on the results of the geotechnical 
investigation carried out in 2021 by EXP, the ICAO- PCN Code for existing pavement 
structure of T1 Apron is 103/F/C/1.75 MPa Max/T (PLR = 13). 

o The equivalent granular thickness ‘t’ of the existing flexible pavement structure 
(2,070 mm) is greater than the minimum required pavement equivalent granular 
thickness ‘t’ for new flexible pavement design (1,500 mm) for a B777-300 ER type 
aircraft in accordance with the TC method. It should be noted that the overload ratio 
of existing pavement structure is less than 1.0, with no restrictions to full operation of 
B777-300 ER type aircraft. 

o Recommended Pavement Rehabilitation: Mill 50 mm, perform full depth asphalt 
patches/repair for any remaining identified full depth cracks and/or settled areas, as 
required, pave new 50 mm HMA surface course. 

Project (2): Toronto Pearson Airport’s Runway Rehabilitation Project - Ongoing 

Project Description: Rehabilitation of Runway 06L/24R, Pearson’s second-busiest runway. This 
project will extend the life of the runway by 30 years and enhance the safety of the runway. The 
project will include the use of recycled materials to help in reducing its carbon footprint. Other 
environmentally friendly construction practices include using crushed concrete from the runway 
pavement removal for the sub-base and base materials and recycled milling asphalt materials on 
approach roads in the vicinity of the runway. 

Year of Construction: April - Fall 2022 

Source of Information: ReNew Canada – Infrastructure Magazine, July/August 2022. 

Project (3): Hartsfield-Jackson Atlanta International Airport (ATL) - Using RCA as Unbound 
Aggregate Base 

Project Description: RCA was successfully produced on-site at ATL using pavement slabs from 
construction in the 1980s, some of which had alkali-silica reactivity. RCA was allowed for use (at 
the contractor’s option) as both fill and cement-treated base materials at the airport. The primary 
reason for RCA use was the saving of landfill costs in disposing of existing concrete. When used 
as fill, the RCA complied with the Georgia Department of Transportation (GDOT) specifications 
for graded aggregate bases. However, RCA at ATL was required to exceed GDOT virgin aggregate 
standard specifications for Sections 800 (Coarse Aggregate) and 815 (Graded Aggregate). This 
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Table 12. Granular A - Placement Information 2020 - MTO Central Region 

 

 

Project (1): Highway 400 – 2021 (MTO, Ontario) - Using RCA as Unbound Base and Subbase  

Project Description: Highway Widening including Center Barrier Wall Replacement from Major 
Mackenzie Drive to King Road. 

Project No.: MTO#2017-2001 

Contractor: Dufferin Construction Ltd 

Year of Construction: Commencing 2017 and completed 2021 

Brief Description Recycled Concrete Aggregate: Recycled aggregate was used to replace both 
Gran B and Gran A requirements providing it met OPSS1010 specifications. Material was used for 
base aggregate and fine grading aggregate through the whole project. 

Supplier of Recycled Concrete Aggregate: Strada Aggregate  

The Total Quantity of the Used Recycled Concrete Aggregate (Over the Years): 300,000 tonnes  

Cost Savings of Using Recycled Concrete Aggregate:  1.2 million ($4.0 per tonne vs. 
Natural/Virgin Aggregate) 

Source of the Used Recycled Concrete Aggregate (Distance to Site): The recycled aggregate 
source was less the 10 km to the project which demonstrates a significant reduction in carbon 
footprint. 

Current Pavement Condition: Based on EXP’s site visit on September 20th, 2022, the pavement 
condition is excellent with no distresses as shown in the following Figures 18, 19, 20, and 21. 
 

401 400 401 404 410

Between 

Credit River 

and 410/403 

Interchange

HWY 400 

From 1.0km 

North of King 

Road 

northerly to 

1.9km North 

of Lloydtown-

Aurora Road.

Jane St to 

Allen Rd

Richmond Hill, 

ON 

Highway 410 

Brampton, ON

2020 2020 2020 2020 2020

15.25$            18.89$            22.44$            24.20$            

275,955 142,841 10,240 64,175 46,087

25,459 47,366 1,121 21,185 22,680

RCA-  Quantity (t) 24,949 47,366 974 16,842 15,780

Name of the Source D Crupi & 

Sons

Strada 

Aggregates

Furfari D. Crupi Gazzola

Location of the Source 176 Bethridge Vaughan Yard 1159 Tapscott 

Rd 

Scarborough

14th Ave, 

Markham

529 

Carlingview 

Dr. Etobicoke

Highway Number:

Location:

Construction Year:

Source Info:

Granular A Unit Rate (Avg. 3 Low Bids):

Granular A Tender Quantity in tonnes:

Total Qty of Natural & Recycled Aggregates Placed in 2020:

Recycled Materials
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Figure 18. Highway 400- NB – Before Teston Road Bridge- No Distresses (September 2022) 

 

 

Figure 19. Highway 400- NB – Before King Road Bridge - No Distresses (September 2022) 
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Figure 20. Highway 400- Southbound Direction  

  Before King Vaughan Road Bridge - No Distresses (September 2022) 

 

 
Figure 21. Highway 400- Southbound Direction  

Before Exit to Major Mackenzie Drive - No Distresses (September 2022) 
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Project (2): Edens Expressway, Chicago, Illinois—1978 (ACPA 2009) - Using RCA as Unbound 
Aggregate Base 

Project Description: The 1978 Edens Expressway project (I-94 through the north-ernsuburbs of 
Chicago) was the first major US urban freeway completely reconstructed and also the largest 
highway project on which concrete recycling had been used up to that time (Dierkes 1981, 
Krueger 1981). The Illinois Department of Transportation (IDOT) permitted the use of RCA in base 
layers and fill applications on this project. While there were adequate supplies of acceptable 
virgin base aggregate approximately 18 miles from the project site, the haul from the source to 
the job site would have required a 3-hour round trip during daytime traffic conditions. As such, 
on-site recycling was selected (Darter et al. 1998). The crushing plant was set up in an interchange 
cloverleaf area (Refer to Figure 22). The area was heavily populated, so noise was a serious 
concern. Crushing operations were suspended from midnight until 6 a.m. every day, and some 
modifications to typical operational procedures were instituted (such as truck drivers not being 
allowed to bang their tailgates to help discharge materials from their truck beds). Nearly 350,000 
tons of the old pavement were crushed at this site, with about 85% of the RCA produced being 
used in fill areas, while the remaining 15% was used as a 3-in. unbound aggregate base. An 
asphalt-treated base and 10-in. continuously reinforced concrete pavement (CRCP) were placed 
over the RCA base. 

 

Figure 22. Concrete Recycling Operation Set up Inside of Edens  
Expressway Cloverleaf Interchange (Photo from NHI 1998) [13] 

The estimated quantity of saved fuel (from recycling the old concrete pavement) is 200,000 
gallons that would otherwise have been consumed in disposing of demolished concrete and 
hauling virgin aggregate to the job site (Darter et al. 1998). 
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footprint. It should be noted that the contractors were permitted to dispose clean concrete and 
asphalt locally. 

2.3.4 Development Engineering Projects  

• Project (1): Greenwood Racetrack Development (for Metrus Development Inc.) 

• Project Location/Limits: The development is for the east half of the former 
Greenwood Racetrack, and the Site is bounded by Queen Street to the north, 
Lakeshore Boulevard to the south, Woodbine Avenue to the east and Coxwell Avenue 
to the west in the City of Toronto, Ontario. A total of 900 units of single detached and 
semi-detached dwellings, townhouses and retail/apartments and apartments are 
proposed for the development.  The development had also involved the construction 
of five streets together (Boardwalk Drive, Joseph Duggan Road, Sarah Ashbridge 
Avenue, Winners Circle, and Northern Dancer Boulevard) with the necessary 
infrastructure such as sewers, watermain and other underground services. 

• Site Location: As shown in location plan in the following Figure 23. 
 

 

Figure 23. Greenwood Racetrack Development – Location Map 

• Pavement Surface Course Year of Construction: 2002 (Age: 20 years) 

• Brief Description of the project and the usage of Recycled Crushed Concrete: The 
constructed flexible pavement structures at the five streets mentioned consisted of 
150 mm HMA, over 150 mm Gran A (Recycled concrete aggregates – 19 mm max 
size), over 300 mm Gran B (Recycled concrete aggregates – 50 mm max size). This is 
the very first usage of recycled crushed as road base material in Toronto's history. 
Before that, the City of Toronto used concrete base for rigid or composite pavement 
with native granular base and subbase. 

• Previous FWD Testing Results (prior to place the surface course), for Boardwalk 
Drive and Joseph Duggan Road: 
o Year: 2002 
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o The levels of HMA and subgrade resilient moduli back-calculated (for flexible 
pavement structure) from the collected FWD data indicate average strength of 
approximately 2500 MPa for HMA and 50 MPa for the subgrade. 

o The pavement at each road (Boardwalk Drive and Joseph Duggan Road) prior 
to place the surface course was in good condition and no structural problems 
were evident. 

o The distress level survey of the tested pavements and the FWD back-calculated 
results indicate that the flexible pavements showed less deformations and have 
fairly consistent and high resilient modulus values for the materials used in its 
construction.   

• Current Pavement Condition (September 2022 – by EXP): 
o The pavement of all streets within Greenwood Development in Toronto are in 

good condition, without any structural failures. Refer to Figure 24 through 
Figure 27 for site photographs. 

o Frequent slight ravelling, occasional moderate and very severe due to asphalt 
hardening/ aging. 

o Few to intermittent slight single, transverse, and/or random cracks, occasional 
moderate. 

o Few slight asphalt patches for utility cuts, occasional moderate.  
o Maintenance Needs- Plan: The area will need few rout and seal asphalt cracks 

(approx. 250 l.m – total length) and few full depths asphalt patches/repair 
(approx. 30 sq.m, total repair area) within 2-3 years. 

o Rehabilitation Needs - Plan: It will need mill 40 mm and pave 40 mm new 
surface course within 4-6 years to renew the asphalt wearing course.  

 

 

Figure 24. Greenwood Development – Boardwalk Dr at Sarah Ashbridge Ave (Sept 2022) 
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Figure 25. Greenwood Development – Boardwalk Dr (Sept 2022) 

 
 

 

Figure 26. Greenwood Development – Joseph Duggan Road (Sept 2022) 
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Figure 27. Greenwood Development – Winners Circle (Sept 2022) 

 

• Project (2): Huntington Glen – Industrial Subdivision – Phase 2 (Boca East Investment 
Ltd.) 

• Project Location/Limits: The development is east of Highway 50. The two roads within 
the development area are Hunter’s Valley Road (north of Trade Valley Drive to north 
of Can-Ar Gate) and Can-Ar Gate, City of Vaughan, Ontario. 

• Project Location Map: As shown in the following Figure 28 location map. 

 

 

Figure 28. Huntington Glen – Industrial Subdivision Development – Phase 2 – Location Map 
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• Year of Construction: Road works up to the base asphalt was conducted in 2012, and 
top asphalt was installed in 2016 (Age: 6 years). 

• Brief Description of the project and the usage of Recycled Crushed Concrete: The 
constructed flexible pavement structures at the two streets mentioned consisted of 
125 mm HMA, over 125 mm Granular Base (19 mm diameter Recycled Concrete 
Aggregates), over 405 mm Granular Subbase (50 mm diameter Recycled Concrete 
Aggregates). It should be noted that “50 mm Recycled Concrete” and “19 mm 
Recycled Concrete” materials were used in the subbase and base layers of pavement 
in lieu of “50 mm Crusher Run Limestone” and “20 mm Crusher Run Limestone”, 
respectively.  As such, the thickness of subbase layer was increased by 15% to 405 mm 
comparing to 350 mm in thickness required by the City of Vaughan pavement design, 
due to substitution of Granular B Type II (which is required as per the project 
specifications) to Granular B Type I Material. 
 

• Test Results of Used Recycled Concrete: In 2012 EXP retrieved samples of 19 mm and 
50 mm recycled concrete material (RCM) from Strada Aggregates Inc. located at 120 
Wentworth Court in Brampton, to conduct various physical property and sieve 
analysis test at EXP’s laboratory. The purpose of this testing was to determine if the 
physical properties and gradation of both 19 mm and 50 mm RCM are in conformance 
with the OPSS 1010 Granular A and Granular B Type I, gradation and physical property 
requirements. The grain Size Analysis and physical property test analysis indicated 
that all test results completed on the 19 mm and 50 mm RCM samples are in 
conformance with Granular A and Granular B Type I requirements outlined by OPSS 
1010. 

 

• The pavement of all streets within Huntington Glen Development in City of Vaughan 
are in good condition, without any structural failures. Refer to Figure 29 through 
Figure 32 for site photographs. 

 
Figure 29. Huntington Glen – Hunter’s Valley Road (October 2022) 



EXP Services Inc 
The Benefits of Using Recycled Crushed Aggregates in Infrastructure Projects 

Client: TARBA  
BRM-22019043-B0 

 

    46 
 
 

 

 

 
 

 

Figure 30. Huntington Glen – Hunter’s Valley Road (October 2022) 

 
 

 

Figure 31. Huntington Glen – Can-Ar Gate (October 2022) 
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Figure 32. Huntington Glen – Can-Ar Gate (October 2022) 

• Project (3): Queensville Subdivision Phase 6 (Queensville Development Inc.) 

• Location: Town of East Gwillimbury (John Candy Drive and Ben Sinclair Avenue, 
Queensville,ON) 

• Site Locations: As shown in the following Figure 33. 

 

Figure 33. Queensville Subdivision Phase 6 – Site Location Map 

 

• Year of Construction: July 2021 

• Quantity of the Used RCA (Gran A and Gran B): 13,230 tonnes (4,410 tonnes for Gran A 
and 8,820 tonnes for Gran B). 

• Supplier: Strada Aggregates (Mount Albert Yard) – Saving is $11.5 per tonne for either 
Gran or Gran B. 
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• Brief Description of the project and the usage of Recycled Crushed Concrete:  
 

✓ Original and Alternative Pavement Designs:  
 

Town’s Minimum Pavement Design EXP Alternative Pavement Design 

Material Layer Thickness Material Layer Thickness 

HL3 40 mm HL3 (15 % RAP) 40 mm 

HL8 50 mm HL8 (20 % RAP) 60 mm 

Gran A (19 mm CRL) 150 mm Gran A (19 mm RCA) 200 mm 

Gran B-1 (50 mm CRL) 300 mm Gran B (50 mm RCA) 400 mm 

Total Thickness 540 mm Total Thickness 700 mm 

 

• Results: 
 
✓ In this project approx. 88 % of recycled material had been used, which 

exceeds the requirement of the “Thinking Green Development Standards” 
that 30 % of recycled materials to be used (saving in the GHG emission). 

✓ Economic Savings: $152,145. 

Other Development Engineering Projects: 

Other development engineering 
projects using recycled concrete 
aggregate were executed for 
Markham Road Cluster. The 
constructed roads in Markham were 
Golden Avenue, Connery Crescent, 
Stanley Lane, Angela Court, Brando 
Avenue, Apollo Road, and Stella 
Drive. These Roads in Markham 
were constructed in the late 1990s 
and RCA was used on all those 
roads/streets.  There were minor 
repairs done to some sidewalk slabs 
and some minor curb work and some patching around catch basins and some rout and sealing.  
These roads are performing extremely well over 20 years. 
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2.4 Previous Unsuccessful Project 

Case Study for Unsuccessful Project: Highway 427 – 2010 (MTO, York Region, Ontario)  

Project Description: Highway 427 from South of Highway 7 to Zenway Boulevard. 

Problems Encountered:  

1) The new lane as part of pavement widening was raised/heaved approx. 70 mm, as shown 
in site photographs in the following Figure 34.  

 

 

Figure 34. Highway 427 – Pavement Heaving in 2010 

 
2) Crack reappears between lanes, as shown in site photographs dated 2011 in the following 

Figure 35. 
 

 

Figure 35. Highway 427 – Reappearance of Cracks Between Lanes in 2011 

 

3) Unevenness between lanes (Safety Concerns) as shown in site photographs in the 
following Figure 36. 
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Figure 36. Highway 427 – Pavement Distresses Between Lanes in 2010 - 2011 
 

4) Guiderail Height Outside of Desirable Range and Swale Created Adjacent to Lane, as 
shown in site photographs in the following Figure 37. 

 

 

Figure 37. Highway 427 – Guiderail Height Outside of Desirable Range and Swale Created 
Adjacent to Lane (2010) 

 

5) Other Problems, as shown in site photographs in the following Figure 38.  
 

 

Figure 38. Highway 427 – Different Pavement Distresses (2010 -2011) 

Possible Causes: 

1) Typical frost heave problem due to winter freeze/thaw? 
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2) Drainage? Relatively shallow drainage between the Highway 7 off-ramp to just north of 
Highway 7. Does not explain why there is a problem in the high fill areas. Pavement 
remains expand after two winter periods and repair. Poor drainage may be a contributing 
factor to the problem; however, it is not the main cause (Conclusion: Drainage not typical 
for frost heave situations)  

3) Material Problem? If so, which Material?  

• Subgrade (Native/ Earth Material)? Standard Penetration Test (SPT) confirmed subgrade 
had good strength. Grain Size/Hydrometer Test confirmed subgrade material had low to 
moderate susceptibility to frost heave (Conclusion: Subgrade not the cause of the 
problem) 

• Asphalt? FWD Testing confirmed asphalt is generally structurally adequate. No issue with 
material identified (Conclusion: Asphalt not the cause of the problem). 

• Recycled Concrete Material (RCM)? 

 
❖ Moisture Content: 

 

✓ New highway constructed adjacent to existing highway that has been in 
operation for approximately 20 years, as shown in Figure 39 for site 
photograph. 

 

 

Figure 39. Highway 427 – New Highway Constructed Adjacent to Existing Highway  

 
✓ Expect similar moisture contents between the old and new pavement 

structure as shown in the following Figure 40.  
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Figure 40. Highway 427 – Moisture Contents for Old and New Pavement Structures 

❖ In-Situ Wet/Dry Density (After Issue Identified) 

✓ Wet Density: 1,680 – 1,990 kg/m3 (typically   ̴ 2,150 kg/m3) 
✓  Dry Density: 1,450 – 1,750 kg/m3 (typically   ̴ 1,950 kg/m3) 
✓ Represents 15 % to 20 % expansion. 

❖ Petrographic Analysis:  

✓ Coarse Aggregate: Up to 10 % deleterious material found (by mass) - 
Gypsum, wallboard, drywall, and plaster. 

✓ Fine Aggregate: Up to 2.9 % of contamination and up to 12.1 % of soft RCM. 

❖ Chemical Tests: 

✓ Highly Expansive Sulphate Minerals (thaumasite and ettringite) 

✓ Gypsum found up to 5 % (by mass) 

✓ Sulphate Concentration (Risk of Expansion) {Low Risk<=3000 µg/g; 
Moderate Risk between 3000 µg/g and <=8000 µg/g; High Risk: > 8000 µg/g}. 
Tables 13 and 14 summarize the results of sulphate Concentration of the 
tested samples.  
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Table 13. Highway 427 – Sulphate Concentration Test Results and Associated Heave Risks (2011)  

 

 

Table 14. Sulphate Concentration Test Results and Associated Heave Risks for  
Highway 427 Vs. Other Contracts (2011)  

 

 

 
 

❖ Simulation of % Swell Using RCM is shown in the following Figure 41 for % Swell for 
different periods. 
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3. Sustainability and Environmental Impacts  

3.1  General Background     

The production of concrete for use in infrastructure is a large consumer of natural virgin 
aggregate. As infrastructure ages, the demands on our quarries will surpass the availability of this 
natural resource from local or regional suppliers. As the use of virgin aggregate continues to be 
required, and local quarries cannot meet supply, it will be necessary for projects to source 
materials from quarries located farther from the site. This results in significant financial and 
environmental impacts, including increased hauling costs and higher greenhouse gas (GHG) 
emissions from transporting the material over a greater distance. 

It is inevitable that roads will require repairs for reasons beyond overuse or age of infrastructure. 
The impacts of climate change are more noticeable in the last decade, with an increase in severe 
weather events. Flooding, stronger and more frequent hurricanes, colder and more precipitous 
winters and increased seismic activity are a few reasons that roadways are burdened by more 
than the flow of commercial and industrial traffic. Roads are not designed to handle the 
additional impacts from subzero temperatures, standing water, and hotter than normal summers 
[17]. A report from the Canadian Climate Institute indicates that more than half of the country’s 
winter roads in its northern regions, built on frozen lakes and rivers each fall, may in 30 years 
become unusable or impossible to build [18,19].  

The solution is not easy; it includes a multi-disciplinary approach to provide engineering resolve 
in newly designed infrastructure, that accounts for limits within our supply chain and mitigates 
the risks of climate change across the full lifecycle of the systems [19]. 

3.2  Climate Change: Environmental Benefits and Avoided Consequences by using RCA 

Research shows that recycled concrete aggregates (RCA) have been widely used over the last 80 
years in both Europe and the United States (US). Many early applications were non-structural. 
However, in the US, RCA has been used for roadway construction as early as the reconstruction 
of US Route 66 in Illinois in the 1940s [20].  

The recommendation to use RCA in transportation system applications is a solution that provides 
cost and environmental benefits.  

• Reduces the negative impacts associated with active pits , quarries and extends the life of 
these quarries. 

• Lowers the cost of hauling virgin aggregate to project sites 

• Diverts aggregates from landfill 

• Reduces GHG emissions from the extraction and hauling processes 
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There is risk that the natural virgin aggregate may be unavailable, not only from the complete 
use of the resource from existing quarries, but from the closing of the quarry itself. Two real-life 
examples were presented in a 2021 study commissioned by the Ontario Stone, Sand and Gravel 
Association (OSSGA). The first focused on sourcing the natural virgin aggregate from non-regional 
or local quarries. The second analyzed the regional and local implications of closing a single site 
in Burlington, Ontario [21].  

The study determined that the average distance from source to site was 35 km. A conservative 
estimate of approximately three times the hauling distance, or 110 km, was used in comparison. 
Transportation costs exceeded $169 million, or double the current costs, while GHG emissions 
increased by 89,000 metric tonnes (MTCO2e). This impact would be felt by everyone in the 
construction industry, not just infrastructure projects. 

Closing a quarry completely produces similar results for transportation costs and GHG emissions. 
On an annual basis, the economic impact is $20.6 million. Environmental impacts equate to 1,600 
MTCO2e within that same timeframe. 

GHG and Energy Reductions from using RCA 

The impacts and benefits of using RCA can be broken down to the project level, or even further, 
to the unit of energy consumption (in Megajoules, or MJ) and GHG emissions (in kilograms, or 
kg) per ton (t) of material. Our approach uses a “cradle-to-grave” analysis for roadway 
construction. It begins with the extraction process. For virgin materials, this means extraction 
from a quarry. For recycled aggregate, the extraction point would be a site where construction 
and demolition waste (CDW) is available for processing. Materials (in both forms) are transported 
to a processing plant. At this point, the CDW must be sorted and only the usable materials are 
then crushed into RCA. Transportation from the plant to the construction site completes the 
process.  

Figure 42 depicts the lifecycle described in the foregoing paragraph. Though included in the figure, 
energy, cost and GHG emission impacts from the additional process for the diversion of the non-
usable CDW to the landfill is excluded from our analysis [22].  
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Figure 42.  Life Cycles of virgin and recycled aggregates and associated costs in different phases [22]   

In this figure, metrics associated with energy and GHG emissions (from CO2) have been included. 
Assumptions have been made around the transportation and processing metrics for both virgin 
and recycled aggregate, as follows: 
 

• Transportation energy and GHG emissions, from either the quarry or the site where 
demolished material is being collected, has been assumed equal. Energy consumption 
is 4.5 MJ/t and GHG emissions are 0.405 kg/t per trip. 

• Transportation energy and GHG emissions of natural and recycled aggregate, from the 
processing plant to the construction site for the roadway, has been assumed equal. 
The values of 4.5 MJ/t and 0.405 kg/t per trip also apply here. 

• Energy consumption associated with processing natural material or the construction 
and demolition waste is assumed to be equal. Energy consumption is 11.21 MJ/t.  

• A single emissions factor of 0.09 kg/MJ is used for all phases of the analysis. 

Tables 15 and 16 break down the associated energy consumption (MJ/t) and GHG emissions 
(kg/t) for aggregates. Values for 30 per cent reclaimed material have been extrapolated from the 
concrete and untreated granular values. 

Table 15. Condensed Table of Energy Consumption for Processes [23] 

Product Aggregates (MJ/t) 

Continuous reinforced concrete 29 

30% reclaimed material 37 

Untreated Granular Material 40 
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Table 16. Condensed Table of GHG Emissions for Processes [23] 

Product Aggregates (kg/t) 

Continuous reinforced concrete 5.1 

30% reclaimed material 8.25 

Untreated Granular Material 9.6 

For a more comprehensive analysis of the resulting savings from energy and GHG emissions 
through use of RCA, additional research and calculations, using baseline assumptions from Figure 
42 and Tables 15 and 16, were performed in our study. The following apply to our results: 
 

• There is no energy consumption or GHG emissions saving at the processing plant (i.e., 
crushing, screening), through transportation of the material, or in laying the material, 
as it requires the same amount of energy and emits same amount of GHG when using 
RCA or natural aggregate. 

• There is no energy consumption or GHG emissions saving with the demolition of 
existing concrete or asphalt. This process will be required whether the demolished 
materials will be reused as paving material or sent to the landfill.  

• Energy consumption and GHG emissions will be saved by eliminating the extraction of 
natural aggregate from the quarry, when using RCA.  

• The aggregate values for GJ/t and kg/t presented in Tables 15 and 16 represent the 
energy consumption and GHG emissions from the extraction process and crushing / 
screening at the processing plant.  

• The transportation (“transport”) values have been assumed at 75 km from the source 
to the processing plant and then 20 km from the processing plant to the construction 
site.  

• Laying is the process of laying the material at the construction site.  

• Each tonne of unbound granular material, from extraction to laying, will consume 114 
MJ of energy and emit 15 kg of GHG emissions.   

• The required energy consumption and GHG ratio between the quarry (i.e., extraction) 
and the processing plant is 70 per cent to 30 per cent, respectively, as presented in 
Table 17. 

• Assuming a 70/30 ratio, and referencing the ‘Unbounded Granular Material’, we were 
able to separate the extraction and processing plant amounts (GJ and kg) from Tables 
15 and 16.  

Our calculations concluded that, if natural granular base is replaced with RCA or a percentage of 
that aggregate mix contains reclaimed materials, the estimated energy consumption and GHG 
emissions savings from extraction to laying would be:  

Table 17. Energy and GHG Emissions Savings  

Product Energy Savings (%) GHG Emissions Savings (%) 

Virgin/Natural Aggregate - - 

30% RAP with 70% Natural 7 % 14 % 

100% RCA 25 %         46 % 
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3.3 Integration of RCAs to Support Climate Action Strategies  

Future Cost Impacts – Carbon Penalties  

The financial burden of the first cost impacts from closing a quarry or transporting natural 
aggregate from other regions is significant. Use of reclaimed material, in any quantity, can 
provide an energy savings of 7 – 25 per cent and a 14 – 46 per cent GHG emissions savings.  

Further, we must also consider future impacts related to carbon pricing or taxation from 
municipalities. Depending on the region, additional costs may be incurred for carbon penalties. 
With a push toward carbon neutrality, the cost for not reducing or offsetting your carbon can 
also put economic burden on a project owner, developers, tenants, and municipalities. These 
costs will inherently be passed down. When applied to a building, owners and developers may 
charge higher rates of rent to tenants to make up for the economic gap. In the transportation 
industry, it is reasonable to assume that increases may be seen in local and regional taxes or in 
toll charges for vehicles using certain highways. 

Today, carbon prices are estimated at $30 per tonne. Ester Gerassime, the Ontario Chamber of 
Commerce’s (OCC) economic analyst and author of the OSSGA commissioned report, estimates 
that by 2030, prices will be more than five times the current value. In less than a decade, the 
financial impact would go from $2.7 million to over $15 million [24]. 

Call to Action 

The business case for use of RAM goes beyond energy and GHG emissions savings. Our 
municipalities must be proactive in investing in full scale adoption of RCAs and other means to 
adapt to the impacts that climate change will have on our infrastructure. When repaving roads, 
selecting materials and specifying mixes that can withstand the predicted climate 20 to 30 years 
in the future can reduce costs by over 90per cent [25]. If done correctly, the outcome will result 
in more sustainable and resilient infrastructure, while contributing to Canada’s transition to a 
low carbon future. 

3.4 Case Study on Reduced Environmental Impacts from Using RCA 

Section 4.2 outlines detailed information on the four (4) selected projects for our case study for the 
costs and estimated savings from using Recycled Crushed Aggregate (RCA1010), including the resultant 
economic value associated with the use of RCAs. In this section, we will build on the environmental 
value for those same case studies. 

In addition to the inputs shown in Table 18 for the four (4) projects case study that were used for the 
calculations, as presented in Section 4.2 of this report. The following additional assumptions have been 
outlined as follows: 
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• The transportation emissions of the unfinished product (both virgin and reclaimed) have 
been assumed equal. Emissions are calculated assuming 0.405 kg/t, or 0.000405 MTCO2e/t. 

• The extraction emissions for virgin material from the quarry is 2.5 kg/t, or 0.0025 MTCO2e/t. 

• Extraction emissions for the reclaimed material are 0 kg/t, or 0 MTCO2e/t. The demolition 
of buildings or roadways would occur whether the materials were being 
reused/repurposed for new construction.  

• The emissions associated with processing the virgin material at the plant are 0.000405 
MTCO2e/t. 

• Emissions associated with processing the reclaimed material are 0.001 MTCO2e/t. 
Additional emissions are assumed for sorting and separating the reclaimed material before 
the usable product is crushed.  

Table 18. Details of Inputs for the Four Projects Case Study  

Pit / Quarry 
Location 

Avg. Distance 
from Pit / Quarry 

to Project 
Location (km) 

Crusher  
Location 

Avg. Distance from 
Closest Crusher of 

RCA to Project 
Location (km) 

Total Tonnes 
per Project 
(approx.) 

Brechin 80.5 Mt. Albert 18 11,000 

Orillia 115 Vaughan 6 100,000 

Milton 52 Brampton 10 7,000 

Flamboro 70 Mississauga 14 50,000 

In our four (4) projects case study, information on the origin of the finished product has been provided. 
With the distance (km) from the plant to the project site, details on the GHG emissions of transporting 
the finished product from either the quarry/processing plant or the crusher/processing plant has been 
determined, in lieu of considering the values equal.  
 

• As outlined in the OSSGA study [21], the GHG emissions associated with all truckloads 
transporting aggregate to construction sites is 5 MTCO2e/day. 

• On average, 710 trucks transport 5 loads of material each day, with an average load of 32 
tonnes. 

• This equates to an emissions factor of 0.0014 MTCO2e/load. 
 

The greatest impacts in savings can been seen when there are large quantities of material and when 
the transportation distance between source and site are minimized. The following Table 19 presents 
additional information on GHG emissions saved by using RCAs in these four (4) projects. 
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Table 19. Details of Emissions Saving for the Four Projects Case Study  

GHG Emissions (MTCO2e) 

Pit / 
Quarry 

Location 

Extraction  

 Transportation 
of Unfinished 

Product to 
Processing Plant 

Processing 
Transportation of 

finished product to Site 1 
TOTAL 

Savings 
by 

using 
RCA 

Equivalent 
Passenger 
Vehicles of 

Avoided 
Emissions  

Gran A  
- 

Native 

Gran A 
- RCA 

Gran A  
- 

Native 

Gran A 
- RCA 

Gran A  
- 

Native 

Gran A 
- RCA 

Gran A  
- Native 

Gran A 
 - RCA 

Gran A 
 - Native 

Gran A 
 - RCA 

* impacts from 
quarry only 

* assumed equal 
* additional 

emissions in RCA 
for sorting 

* using distances from 
each location 

*cumulative 
results for each 

product type 

Brechin 27.50 0.00 4.46 4.46 4.46 16.50 38.74 8.66 75.15 29.62 45.53 9.8 

Orillia 250.00 0.00 40.50 40.5 40.50 150.00 503.13 26.25 834.13 216.75 617.38 133.0 

Milton 17.50 0.00 2.84 2.84 2.84 10.50 15.93 3.06 39.10 16.40 22.70 4.9 

Flamboro 125.00 0.00 20.25 20.25 20.25 75.00 153.13 30.63 318.63 125.88 192.75 41.5 

Total Equivalent Passenger Vehicles of the Avoided Emissions - for Four Projects  189.3 

Note 1:   Each trip assumes one truck carrying 32 tonnes 

The emissions savings have also been translated into avoided emissions, in a recognizable metric, of 
equivalent passenger vehicles.  
 

• The U.S. Environmental Protection Agency (US EPA) estimates that a car or truck averages 
18,640 km (11,520 miles) per year [26].  

• The average fuel efficiency of a vehicle is 9.44 km/L (22.2 miles per gallon, or mpg).  

• The factor used to report only on CO2 emissions, instead of GHG emissions as CO2, CH4 and 
N20, is 1.006. 

• There are 0.00235 MTCO2e/L (0.00889 MTCO2e/gal) of gasoline.  

• This equates to 4.640 MTCO2e/vehicle/year. 

From these four projects, savings reported is the equivalent of 189 passenger vehicles. This is not a 
small number. When looking at these values, and factoring nationwide savings across all annual 
construction projects, we could avoid the emissions equivalent of 30,000 vehicles [27].  
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4.2 Cost of Recycled Crushed Aggregate and Estimated Savings 

Based on the market prices, the cost of the virgin/native is higher than the cost of the recycled 
crushed aggregate. To compare the actual unit rates of using Granular A Native with Granular A 
(RCA1010) and the associated savings, four different projects from different locations within the 
GTHA were considered in this study after considering the distance from the construction site to 
the pit/quarry of the native aggregate and the distance to the RCA1010 Crusher Yard. The four 
projects considered in the study are as follows: 

Project 1: Gregor Site Works parking lot located at Wellington Street and Leslie Street (Aurora). 
The approximate quantity of aggregate was 11,000 tonnes. 

Project 2: Con Drain Site Walmart Distribution Centre (Vaughan) Jane Street and Teston Road. 
The approximate quantity of aggregate was 100,000 tonnes. 

 Project 3: Hady Contracting Industrial Bldg. at Huntington Road and Langstaff Avenue (Vaughan). 
The approximate quantity of aggregate was 7,000 tonnes. 

Project 4: Metric Contracting at Bombardier Project on Alstep Street (Mississauga). The 
approximate quantity of aggregate was 50,000 tonnes. 

The following Table 20 shows the estimated savings in each of the four different projects within 
the four zones of GTHA. The average saving from using Recycled Crushed Aggregate comparing 
with native aggregate is about $8 per tonne and varied from $7 to $9 per tonne. Based on the 
total quantity of the used recycled crushed aggregate for each of the projects and the saving 
amount per tonne, the total amount of the saving for all four projects is $1,436,500 as shown in 
Table 20. 

Table 20. Unit Rates of Gran A RCA1010 Vs. Gran A Native and Estimated Savings 

Project 

No. 

Pit / Quarry 

Locations 

Average 

Distance from 

Pit/Quarry to 

Project 

Location (km) 

Average Distance 

from Closest 

Crusher of 

RCA1010 to 

Project Location 

(km) 

Total Tonnes 

per Project 

(approx.) 

Unit Rate ($/ton) 
Savings (Gran A – RCA Vs.  

Gran A – Native) 

Gran A - 

Native 

Gran A - 

RCA 

 

$/ton  

 

$/Project 

1 Brechin 80.5 18 (Mt. Albert) 11,000 $22 $15 $7 77,000 

2 Orillia 115 6 (Vaughan) 100,000 $23 $14 $9 900,000 

3 Milton 52 10 (Brampton) 7,000 $22.5 $14 $8.5 59,500 

4 Flamboro 70 14 (Mississauga) 50,000 $24 $16 $8 400,000 

Total Savings for four Projects ($) 1,436,500 
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4.3 Implemented Quality Control    

Based on EXP site visits to 6 locations of crusher yards within the GTA (3 locations for Strada 
Aggregates and 3 locations for D. Crupi and Sons), Quality Control Plan and The Best Practices 
Guide for Recycling Aggregates provided by TARBA (Cover Pages of TARBA QC Plan and TARBA 
The Best Practices Guide for Recycling Aggregate are shown in Figures 44 and 45, for more details 
refer to Appendix A), the process of recycled crushed aggregate can be summarized as follows: 

1. Delivery of concrete rubble to the crusher plant via dump trucks where the truck loads 
are visually inspected at the main entrance/gate. The concrete rubble material is 
inspected to be checked for the presence of organics, plastics, woods, rebar, amount 
of asphalt and other deleterious materials as mentioned in OPSS 1010. 

2. Once the load of rubble material is approved, the trucks should proceed to off-loading 
(dumping) at the right location (Concrete Only, Concrete with asphalt, asphalt only) 
as directed by the crusher plant personnel. 

3. After that, the stockpiled rubble material is placed into a two-stage crusher by wheel 
loader. The first stage is using the crusher to reduce the size of the rubble pieces to 
smaller sizes, followed by transporting the material via a conveyor belt to second 
stage crushing. 

4. During the crushing process, the rebar and other metallic objects are removed by 
magnets. In addition, any other foreign (deleterious) materials are detected visually 
by crusher plant personnel and manually removed from the belt prior to final 
screening of the crushed concrete. 

5. The crushed concrete is then screened to comply with gradation requirements (Gran 
A, Granular B, RAP materials) for roads construction projects. 

6. The final product of crushed and screened concrete is then stockpiled by transporting 
and depositing to the top of the stockpile via a conveyor belt, based on product type 
(e.g., Gran A, Gran B, RAP). 

Based on the site observations, the implemented on-site quality control means are efficient in 
terms of the following: 

1) Removing the deleterious materials (Such as metal, paper, plastic) prior to 
process/crushing the raw concrete, screening, and stockpiling for use. 

2) The separation of stockpiles containing visually significant amounts of asphalt and 
asphaltic concrete rubble is kept at the site and then the material is added to the crushing 
of concrete process in limited amount in order to comply with OPSS1010 requirements.  

3) Checking the material type/components of each loaded truck and accordingly specifying 
the right place for dumping the raw material. 
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Figure 44: TARBA QC Plan – Cover Page 

 

 

Figure 45: TARBA- The Best Practices Guide for Recycling Aggregates – Cover Page 
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5. Laboratory Testing 

5.1    Sample Collections 

The samples of Granular A RCA were collected from 6 Locations within GTA by experienced staff 
from EXP according to MTO Guidelines for Sampling of Aggregates (LS-625) and Standard Practice 
for Sampling Aggregates (ASTM D75/D75M-19).  Site photographs for some GTA-Crusher 
locations and the stockpiles from where the samples were collected are shown in Appendix B.  

EXP coordinated with representative at each Crusher/Yard location and contacted the on-site 
person to ensure provision of a front-end-loader to excavate into the stockpiles for obtaining 
buckets of material across the open face as required.  The following Table 21 illustrates the 
details of the collected samples in this study.  

Table 21. Details of Collected Samples of Granular A RCA1010 and Granular A-Native 

Sample No. 
RCA 

Supplier 
Yard Yard Address 

Sample  
Collection Date 

Gran A RAP (Recycled Concrete Aggregate) 

1P/1C/1E- Gran A RCA1010 - 
STRADA – Concord 

Strada Aggregates Strada 
Aggregate/Crusher 

1667 Creditstone Rd, 
Concord, ON 

August 8th, 2022 

2P/2C/2E- Gran A RCA1010 –  
D. Crupi – Etobicoke 

D. Crupi & Sons 
Limited 

D. Crupi & Sons 
Limited 

176 Bethridge Rd, 
Etobicoke, ON 

August 30th, 2022 

3P/3C/3E- Gran A RCA1010 – 
D. Crupi – Markham 

D. Crupi & Sons 
Limited 

D. Crupi & Sons 
Limited 

2777 14th Ave,  
Markham, ON 

August 8th, 2022 

4P/4C/4E- Gran A RCA1010 –  
D. Crupi – Scarborough 

D. Crupi & Sons 
Limited 

D. Crupi & Sons 
Limited 

85 Passmore Ave, 
Scarborough, ON 

August 30th, 2022 

5P/5C/5E- Gran A RCA1010 –  
Strada – Brampton 

Strada Aggregates Strada Brampton 
Depot 

120 Wentworth Crt, 
Brampton, ON 

September 7th, 2022 

6P/6C/6E- Gran A RCA1010 – 
Strada – Toronto 

Strada Aggregates Strada 
Aggregate/Crusher 

10 Leslie St,  
Toronto, ON 

September 8th, 2022 

Gran A Native 

1E- Gran A Native –  

STRADA - Shelburne 

Strada Aggregates 

/ Strada Crusher 

Strada Aggregates 

/ Strada Crusher 

437159 4 Line, 

Shelbourne 

August 9th, 2022 

2E- Gran A Native (CRL) - 

BRECKON EAST 
- BRECKON EAST - 

September 16th, 2022 

3E- Gran A Native (CRL) - 

DUNDAS WEST 
- DUNDAS WEST - 

September 16th, 2022 
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5.2  Laboratory Tests  

5.2.1 Gradation and Physical Property Tests  

EXP’s laboratory in Brampton has carried out the laboratory testing as per the following list of 
tests to determine gradation and physical properties of the collected samples of Gran A 
(RCA1010). The following tests were performed: 

o Coarse Aggregate Petrographic Requirement (LS- 609 - Coarse -Petro)  

o Fine Aggregate Petrographic Requirement (LS-616 Fine -Petro) 

o Micro-Deval abrasion coarse aggregate loss, % maximum (LS-618)  

o Micro-Deval abrasion fine aggregate loss, % maximum (LS-619) 

o Plasticity Index, maximum (LS-703/704) 

o Percent crushed, minimum (LS-607) for Gran A RCM only  

o Asphalt Coated Particles, % maximum (LS-621)  

o Amount of Contamination (LS-630)  

o Determination of Permeability, k (LS-709)  

o Sieve Analysis (LS-602) 

The numbers of the six (6) samples of Gran A (RCA1010) that were collected from different 
stockpiles from different yards within the GTA to perform Sieve Analysis (gradation) and Physical 
Property Requirements are shown in Table 22. 

Table 22: Sample Numbers for Sieve Analysis and Physical Property Tests 

Material  Test Name Standards Total Samples 

Gran A 
RCA1010 

Gradation and  
Physical Properties 

OPSS 1010 
6 

(Sample # 1P,2P,3P,4P,5P, 6P) 

5.2.2 Freeze-Thaw and Magnesium Sulphate Soundness Tests  

EXP has carried out the laboratory testing as per the list of tests shown in Table 23 to determine 
the durability of waste concrete as road base aggregate, i.e., the ability of the Gran A (RCA1010) 
to handle freeze thaw cycles without breaking down. 

Table 23: Sample Numbers for Freeze/Thaw Cycle and Soundness Tests 

Material  Test Name Standards Total Samples 

Granular 
RCA1010 

Freeze/Thaw Cycle CSA 6 
(Sample # 1C,2C,3C,4C,5C, 6C) Magnesium Sulphate Soundness CSA 
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5.2.3 Synthetic Precipitation Leaching Procedure (SPLP) Testing  

To understand the concentrations of heavy metals that would be present in the effluent from the 
use of Gran A RCA1010 granular base materials, one representative RCA1010 sample was 
collected from six (6) different yards (Samples: ‘1E-Gran A RCA1010’, ‘2E-Gran A RCA1010’, ‘3E-
Gran A RCA1010’, ‘4E-Gran A RCA1010’, ‘5E-Gran A RCA1010’ and ‘6E-Gran A RCA1010’). In 
addition, two (2) laboratory crushed limestone samples (2E- Gran A Native (CRL) -BRECKON EAST 
and 3E- Gran A Native (CRL)- DUNDAS WEST) and one (1) native sand and gravel sample (1E- Gran 
A Native - STRADA – Shelburne) were obtained from three (3) different yards. The samples were 
submitted to a laboratory accredited by the Canadian Association for Laboratory Accreditation 
(CALA) for the Ministry of the Environment, Conservation and Parks (MECP) Synthetic 
Precipitation Leaching Procedure (mSPLP) analysis. The SPLP procedure is intended to determine 
the concentrations of contaminants that would leach when exposed to a simulated rainwater 
solution.  The contaminants of concern analyzed using the mSPLP procedure consisted of arsenic, 
chromium, lead, antimony and selenium (Chen, et. al, 2013). For due diligence purposes, the 
leachate samples were also subjected to other metal parameters, semi-volatile organic 
compounds (SVOCs) and volatile organic parameters (VOCs) listed in the MECP Excess Soil Quality 
Leachate Screening Levels from Part II of the “Rules for Soil Management and Excess Soil Quality 
Standards,” adopted by reference in Ontario Regulation 406/19 (On-Site and Excess Soil 
Management).   

5.3 Laboratory Test Results and Discussions   

Based on the results of six (6) tested samples of Gran A (RCA1010), collected from six (6) different 
locations/stockpiles, the following sub-sections will summarize and discuss the results of 
gradation and physical properties of the tested samples. 

5.3.1 Gradation and Physical Property  

Gradation Requirements: 

Laboratory test results indicate that 100 % of the tested granular base materials (Gran A 
RCA1010) do meet gradation requirements of Granular A. Accordingly, all the tested samples 
sourced from six (6) different crushers/stockpiles within GTA are acceptable as granular base, 
comparing with gradation specifications/requirements for Granular A base materials. Table 24 
summarizes the results of each individual tested samples, minimum, maximum, and average % 
passing from each required sieve. 
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Table 24. Sieve Analysis (Gradation) Results of Tested Materials  

Item 
% Passing by Mass – Granular A 

(OPSS.PROV 1010) 

Sieve No 26.5 mm 19 mm 13.2 mm 9.5 mm 4.75 mm 1.18 mm 300um 75 um 

Acceptable 

Limits 
100 - 100 

85 - 100 

(87-100) * 

65 - 90 

(75-95) * 

50 - 73 

(60-83) * 

35 - 55 

(40- 60) * 
15 - 40 5 - 22 

2 - 8 

(2-10) ** 

Sample 
No. 

Results – Total % Passing (Gran A RCA1010) 

1P 100 96.1 81.8 65.8 40.9 25.2 12.7 5.2 

2P 100 95.0 82.3 68.6 51.6 31.3 16.1 7.9 

3P 100 91.7 76.6 64.5 46.8 31.3 15.9 5.0 

4P 100 96.3 84.3 66.7 43.1 21.0 9.9 4.6 

5P 100 93.0 74.2 61.4 45.2 32.3 18.1 6.5 

6P 100 94.0 81.4 70.1 53.5 33.4 19.0 8.0 

Minimum  100 91.7 74.2 61.4 40.9 21.0 9.9 4.6 

Maximum  100 96.3 84.3 70.1 53.5 33.4 19.0 8.0 

Average  100 94.3 80.1 66.1 46.8 29.0 15.2 6.2 

* Where the aggregate is obtained from an iron Blast furnace slag source. 
** Where the aggregate obtained from a quarry or slag source. 

Figure 46 shows the gradation curves of six (6) tested samples of granular materials (Gran A 
RCA1010) according to standard specifications envelope of Granular A. 

 

Figure 46: Gradation Curves of Tested Samples According to Standard Specifications Envelope 
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Physical Properties: 

Laboratory test results of the physical properties of all tested samples (#1P to 6P) indicate the 
following: 

o The average percentage of Asphalt Coated Particles is 13.8 % (ranged from 1.4 % to 
33 %). Noted that 84 % of the tested samples (5 out of 6 sample) are acceptable (below 
maximum allowable limit of 30 % according to OPSS1010).  The percentage in one 
sample (sample # 4P) is 33 % (marginally above the acceptable limit). Figure 47 
summarizes the related test results of the Asphalt Coated Particles for the tested 
samples. 

 

Figure 47: Histogram for % Asphalt Coated Particles of Tested Samples 

o The average percentage of Crushed Particles is 98 % (ranged from 96 % to 99.7 %). 
Noted that 100 % of the tested samples are acceptable (above the minimum 
acceptable limit of 60 % according to OPSS1010). Figure 48 summarizes the related 
test results of % Crushed Particles for the tested samples. 
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Figure 48: Histogram for % Crushed Particles of Tested Samples 

 

o The average percentage of Micro-Deval Abrasion Loss (for coarse aggregate) is 18.2 % 
(ranged from 16.5 % to 22.2 %). Noted that 100 % of the tested samples are 
acceptable (below the maximum acceptable limit of 25 % according to both OPSS1010 
and TS1010). Figure 49 summarizes the related test results of % Micro-Deval Abrasion 
Loss (for coarse aggregate) for the tested samples. 
 

 
Figure 49: Histogram for % Micro-Deval Abrasion Loss (for coarse aggregate) of Tested Samples 

 
o The average percentage of Micro-Deval Abrasion Loss (for fine aggregate) is 13.1 % 

(ranged from 7.9 % to 19.4 %). Noted that 100 % of the tested samples are acceptable 
(below the maximum acceptable limit of 30 % according to OPSS1010). Figure 450 
summarizes the related test results of % Micro-Deval Abrasion Loss (for coarse 
aggregate) for the tested samples. 

99.7

96

99.1
97.9

96.5 96.7

94
95
96
97
98
99

100

1
P

-
ST

R
A

D
A

 –
C

o
n

co
rd

2
P

 -
D

. C
ru

p
i –

Et
o

b
ic

o
ke

3
P

 -
D

. C
ru

p
i –

M
ar

kh
am

4
P

-
D

. C
ru

p
i –

Sc
ar

b
o

ro
u

gh

5
P

-
St

ra
d

a 
–

B
ra

m
p

to
n

6
P

 -
St

ra
d

a 
–

To
ro

n
to

% Crushed  Particles (LS-607) Vs. Sample No./Location

18.9 16.5 16.9 16.5
22.2 18.7

0
5

10
15
20
25
30

1
P

-
ST

R
A

D
A

 
–

C
o

n
co

rd

2
P

 -
D

. C
ru

p
i 

–
Et

o
b

ic
o

ke

3
P

 -
D

. C
ru

p
i 

–
M

ar
kh

am

4
P

-
D

. C
ru

p
i 

–
Sc

ar
b

o
ro

u
gh

5
P

-
St

ra
d

a 
–

B
ra

m
p

to
n

6
P

 -
St

ra
d

a 
–

To
ro

n
to

% Micro-Deval Abrasion Loss - Coarse Aggregates (LS-618) 
Vs. Sample No./Location



EXP Services Inc 
The Benefits of Using Recycled Crushed Aggregates in Infrastructure Projects 

Client: TARBA  
BRM-22019043-B0 

 

    72 
 
 

 

 

 
 

 

Figure 50: Histogram for % Micro-Deval Abrasion Loss (for fine aggregate) of Tested Samples 

o Based on the results of % contamination for coarse aggregate (LS-630), the 
contamination is encountered in two samples (0.02 % wood in sample # 1P and 0.1 % 
ceramic in sample #3P). Accordingly, 100 % of the tested samples are acceptable 
according to OPSS 1010. It should be noted that the maximum combined limit of the 
amount of contamination as per OPSS1010 is 1.0 %, (<= 0.1 % - wood only). 

Figure 51 shows the related test results of the percentage of Amount of Contamination for the 
tested samples of coarse aggregate of Gran A (RCA1010). 

 

 

Figure 51: Histogram for % Amount of Contamination (for Coarse Aggregate -LS630) of Tested Samples 

o As shown in Table 25 the results of Permeability (k) testing indicate 100 % of the 
tested samples are acceptable (pass) with k-value greater than minimum limit of 1.0 
x 10^-4 cm/s according to OPSS1010.  
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Table 25. Permeability Results (k-Values) of Tested Materials  

Permeability, k (LS-709) (cm/sec) 

Sample No. 1P 2P 3P 4P 5P 6P 

k- Value 

(cm/sec) 
1.7X 10^-4 3.6 X 10^-3 6.9X 10^-4 1.3 X 10^-2 1.3 X 10^-4  5.9 X 10^-4 

Result Pass  Pass Pass Pass   Pass  Pass 

o As shown in Table 26 the results of Plasticity Index testing indicate 100 % of the tested 
samples of Gran A (RCA1010) are non-plastic (pass) and do meet plasticity index 
requirements for Granular A, in according to OPSS1010.  
 

Table 26. Plasticity Index Results of Tested Materials  

 

o Based on the results of Petrographic Analysis for coarse aggregate (LS-609) and fine 
aggregate (LS-616), the deleterious materials are encountered in six (6) samples of 
coarse aggregates. The types of deleterious materials in those samples are 
summarized in Table 27.  

Table 27. Encountered Deleterious Materials in Coarse Aggregate – Petrographic Analysis 

  % Deleterious Materials – Coarse Aggregate (LS-609) ** 

Sample No. 1P 2P 3P 4P 5P 6P 

Deleterious Type  

Shale  - 0.2 - 0.1 - 0.4 

Asphalt - 0.5 - 0.9 0.5 - 

Clay  - - - - 0.1 - 

Ochre  - - - - - 0.2 

Gypsum  - - - - - 0.4 

% Total (Weighted)  0 0.7 - 1.0 0.6 1.0 

Result (OPSS1010) * Pass  Pass Pass Pass Pass  Pass 

*   Maximum Acceptable Limit for Gran A:  Up to 1.0 % - total, combined. 

** Deleterious means at least 75 percent of the particle has very low strength material. It can be crumbled or broken with 
fingers, or it can be scraped or peeled with ease. The particles which were placed in deleterious are in that category because 
they are very low quality.  
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Accordingly, the acceptance of the tested samples is as follows: 
 

✓ The gypsum is encountered in sample # 6 with an acceptable percentage of 0.4 % 
as shown in Table 27 in accordance with both OPSS1010. 

✓ No wood, glass, or ceramic are encountered in any of the tested samples of Gran 
A RAP, based on the petrographic analysis {coarse aggregate (LS-609) and fine 
aggregate (LS-616)}. However, 0.1 % ceramic is encountered in sample # 3P as 
mentioned previously. Based on the test of % Amount of Contamination (LS-630 
– for Coarse Aggregate), sample # 3P is acceptable according to OPSS1010. 

✓  Based on the encountered percentage of deleterious material in the tested 
coarse aggregate as mentioned in Table 27 (varied from 0.6 to 1.0 %), the total 
percentage of the acceptable samples in terms of deleterious material is 100 % 
according to OPSS 1010 (maximum acceptable limit is up to 1.0 % - total, 
combined).  

Table 28 summarizes the related test results of Petrographic Analysis (LS-609 Coarse Aggregates 
and LS-616 Fine Aggregates) for the tested samples of Gran A RCA1010. 

Table 28. Summary of Petrographic Analysis for Coarse and Fine Aggregates 

Sample 
No. 

  

Gran A RAP 
(RCA)-

Aggregate 
Classification 

% 
Total 
Good 
Agg. 

% Total Weighted  
% Total Weighted 
Contamination** 

% Total Weighted 

Fair 
Agg. 

Poor 
Agg. 

Deleterious 
Aggregate*  

Concrete 
  

Gypsum 
  

Glass & 
Ceramic  

Wood 

1P 
Coarse (PN132) 89.2 8.0 2.8 0.0 84.9 0.0 0.0 0.0 0.0 

Fine N/A N/A N/A N/A 60.1 0.0 0.0 0.0 0.0 

% Total Weighted for Sample 1P  
    0.0 0.0 0.0 0.0 

(For Coarse and Fine Aggregates) 

2P 
Coarse (PN230) 72.5 3.0 23.8 0.7 51.0 0.0 0.0 0.0 0.0 

Fine N/A N/A N/A N/A 37.5 0.0 0.0 0.0 0.0 

% Total Weighted for Sample 2P 
    0.0 0.0 0.0 0.0 

(For Coarse and Fine Aggregates) 

3P 
Coarse (PN131) 89.8 7.6 2.6 0.0 84.7 0.0 0.0 0.0 0.0 

Fine N/A N/A N/A N/A 62.5 0.0 0.0 0.0 0.0 

% Total Weighted for Sample 5P 
    0.0 0.0 0.0 0.0 

(For Coarse and Fine Aggregates) 

4P 
Coarse (PN273) 64.7 2.5 31.9 1.0 45.9 0.0 0.0 0.0 0.0 

Fine N/A N/A N/A N/A 52.2 0.0 0.0 0.0 0.0 

% Total Weighted for Sample 4P 
    0.0 0.0 0.0 0.0 

(For Coarse and Fine Aggregates) 

5P 
Coarse (PN127) 92.1 5.0 2.3 0.6 81.2 0.0 0.0 0.0 0.0 

Fine N/A N/A N/A N/A 63.8 0.0 0.0 0.0 0.0 

% Total Weighted for Sample 5P 
    0.0 0.0 0.0 0.0 

(For Coarse and Fine Aggregates) 

6P 
Coarse (PN136) 89.1 7.1 2.8 1.0 83.8 0.0 0.4 0.0 0.0 

Fine N/A N/A N/A N/A 77.9 0.0 0.0 0.0 0.0 

% Total Weighted for Sample 6P     
0.0 0.4 0.0 0.0 

(For Coarse and Fine Aggregates)     
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*    Deleterious Material means materials from the recycling stream other than glass, ceramic, reclaimed asphalt pavement, and 
reclaimed concrete materials that includes but is not limited to the following:  wood, clay brick, 
      clay tile, plastic, gypsum, gypsum plaster, and wallboard.   
** Contamination Materials are included glass, ceramic, reclaimed asphalt pavement, and reclaimed concrete  
     materials. 

o Based on the results of Sulphate Contents (Environmental Test) as shown in Table 29, 
the average sulphate content of six tested samples is 770 µg/g, ranged from 650 to 
870 µg/g. All the results are acceptable according to TS1010, where the maximum 
allowable value of sulphate content should be less than 5000 ug/g. It should be noted 
that the maximum allowable limit is not mentioned in OPSS1010.  

In addition, the potential risk for heaving for all the tested samples is low based on the level 
specified in the risk assessment methodology developed by Texas Depart of Transportation 
(TxDOT), summarized as follows: 

▪ Sulphate concentration <= 3000 µg/g; little risk of sulphate-induced heave. 
▪ Sulphate concentration > 3000 µg/g to <= 8000 µg/g; moderate risk of 

sulphate-induced heave. 
▪ Sulphate concentration > 8000 µg/g; high risk of sulphate-induced heave. 

 

Table 29. Summary Results of Sulphate Concentration and Potential Risk of Heave 

Sample No. Sulphate (µg/g) Results (Pass/Fail) Risk of Heave 

1E- Gran A RCM- STRADA – Concord 700 Pass Low 

2E- Gran A RCM- D. Crupi – Etobicoke 830 Pass Low 

3E- Gran A RCM-D. Crupi – Markham 650 Pass Low 

4E- Gran A RCM- D. Crupi – Scarborough 840 Pass Low 

5E- Gran A RCM- Strada – Brampton 780 Pass Low 

6E- Gran A RCM- Strada – Toronto 870 Pass Low 

The sulphate testing EXP carried out is important to limit the possibility for contamination of the 
crushed concrete with waste drywall. Drywall is made up of gypsum which is calcium sulphate. 
The inclusion of sulphates in the waste concrete could cause expansion of the road base material 
which could lead to heaving of the road surface. The testing that we carried out shows 
insignificant quantities of sulphate if any, was detected. 

o Based on the results of pH values (Environmental Test) as shown in Table 30, the 
average pH value of six tested samples of Gran A RAP (RCA) is 12.1, ranged from 11.9 
to 12.2. As expected, crushed concrete has a high pH. Even after leachate testing the 
pH is still quite high. The high pH of this material is only an issue in very specific 
circumstances which are typically not an issue in roads construction. 
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Table 30. Summary Results of pH Values Before Leachate  

Sample No. pH -Before Leachate  

1E- Gran A RCM- STRADA – Concord 12.2 

2E- Gran A RCM- D. Crupi – Etobicoke 11.9 

3E- Gran A RCM-D. Crupi – Markham 12.1 

4E- Gran A RCM- D. Crupi – Scarborough 11.9 

5E- Gran A RCM- Strada – Brampton 12.1 

6E- Gran A RCM- Strada – Toronto 12.1 

5.3.2 Freeze-Thaw and Magnesium Sulphate Soundness (Concrete) 

Based on the results obtained for all six (6) samples (#1C to 6C) as shown in Table 31, all samples 
tested were able to meet OPSS 1002 LS-606 (Soundness).  However, they were not able to meet 
OPSS LS-614 (freeze-thaw). The standards specified in OPSS 1010 – material specification for 
aggregates - governs, and as such all aggregates tested have met these requirements. It should 
be noted that the OPSS 1002 also states that the requirement for Freeze Thaw will be waived if 
samples pass Magnesium Sulphate Soundness test.  
 

Table 31. Summary Results of Soundness and Freeze-Thaw 

 
Sample 
Number 

Magnesium Sulphate 
Soundness 

 (LS 606) 

Unconfined Freeze/Thaw 
 (LS-614) 

Meets OPSS 1002 

Results 
 (% Loss) 

OPSS 1002 
(Max % Loss) 

Results (% 
Loss) 

OPSS 1002 
(Max % Loss) 

Soundness 
(LS 606) 

Unconfined 
Freeze/Thaw 

 (LS-614) 

1C 3.1 12 34.4 6 Yes No 

2C 2.6 12 36.1 6 Yes No 

3C 4.0 12 19 6 Yes No 

4C 6.9 12 24.2 6 Yes No 

5C 4.4 12 21.7 6 Yes No 

6C 5.0 12 27.8 6 Yes No 

Based on the laboratory test results all samples have met OPSS requirements. The produced 
crushed concrete, whether it includes any Supplementary Cementing Materials (SCMs) or 
admixtures will not affect the performance of the recycled crushed aggregate. 

For additional details related to the laboratory test results, please refer to Appendix C.   

5.3.3 SPLP Leachate Analytical Testing Results  

For a general understanding of the reported leachate concentrations of the contaminants 
analyzed, the leachate test results were compared to the following MECP standards from Excess 
Soil Leachate Screening Levels (‘ESQS LSL’):  
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• Table 1 Background ESQS LSL for residential/parkland/institutional/industrial/ 
commercial/community (RPIICC) property uses (applicable for lands within 30 m 
of environmentally sensitive features);  

• Table 2.1 Full Depth ESQS LSL in a Potable Ground Water Condition under 
industrial/commercial/community (ICC) property uses;  

• Table 3.1: Full Depth ESQS LSL in a Non-Potable Ground Water Condition for ICC 
property uses; and  

• Table 5.1: Stratified Site Conditions in a Non-Potable Groundwater Condition for 
ICC property uses and sub-surface soils.  

It should be noted that the MECP ESQS LSL are associated with their corresponding bulk excess 
soil quality standards. Given that RCA and Quarry Sourced Granular Materials do not meet the 
definition of soil, bulk analysis of granular base materials evaluated were not subjected to the 
bulk analysis. In the absence of comparison to the bulk excess soil quality standards, the rationale 
for the ESQS LSLs may not be applicable to the leachate analytical results.  As such, the laboratory 
testing result comparison to the MECP EQSQ LSL is limited to providing general understanding of 
the anticipated contaminants that are present and not a confirmation of compliance with the 
regulatory standards.  

The MECP ESQS LSL criteria selected for comparison are the typical Site Condition Standards that 
would be encountered within a road alignment in Southern Ontario. The analytical results were 
compared to the most stringent leachate quality standard for each parameter. The recorded 
concentrations of all tested parameters for all RCA and Native Granular samples were either 
below laboratory method detection limits or recorded below the Leachate Screening Level 
Standards. The following table summarizes the concentrations of the metal parameters of 
concern along with the most stringent leachate quality standard for each parameter. A summary 
of the all the analytical test results is included in Table 32 and the laboratory certificates of the 
analyses are included in Appendix C.  
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Table 32: Analytical Test Results  

  
Parameters  
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Antimony 6 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 
Table 2.1 ICC/No LSL Standard in Table 1 

for RPIICC property use 

Arsenic 300 <1 <1 <1 <1 <1 <1 <1 <1 <1 
Table 5.1 ICC Sub-Surface/No LSL 

Standard in Tables 1, 2.1 or 5.1 Surface 
Standards for ICC property use.   

Chromium  50 6 <5 <5 <5 17 7 <5 <5 <5 
Table 2.1 ICC/No LSL Standard in Table 1 

for RPIICC property use 

Lead  4 <0.5 <0.5 <0.5 <0.5 3.4 0.6 <0.5 <0.5 <0.5 
Table 5.1 ICC Sub-Surface/No LSL 

Standard in Tables 1, 2.1 or 5.1 Surface 
Standards for ICC property use.   

Selenium 10 <2 <2 <2 <2 <2 <2 <2 <2 <2 
Table 2.1 ICC/No LSL Standard in Table 1 

for RPIICC property use 

pH (leachate) N/A 11.89 11.62 11.68 11.66 11.01 11.62 9.67 9.49 9.89 No ESQS LSL pH standard  

Based on the analytical testing conducted, the marginally detected concentrations of the 
selected metal, VOC or SVOC parameters analyzed in the RCA granular base effluent did not 
suggest the potential for sub-surface environmental impacts to result from the use of RCA 
Granular base materials.  
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6. Conclusions  

1. Greater use of recycled aggregate materials in municipal roads and infrastructure 
construction and maintenance represents the opportunity for Ontario municipalities to 
demonstrate their commitment to sustainable resource practices and will help to achieve 
better outcomes. 

2. Based on numerous successful projects that used RCA, municipalities should be encouraged 
to adopt the use OPSS1010 including RCA as a standard specification for infrastructure 
construction projects.  

3. Most of the previously undertaken research and studies (within Canada, United States, and 
other countries) confirmed the value of using RCA due to the proven high pavement 
performance, cost savings and environmental benefits. 

4. The values of the sulphate concentrations based on the chemical test results varied from 
650 µg/g to 870 µg/g with an average value of 770 µg/g. The maximum recorded sulphate 
concentration value of 870 µg/g is much lower than the maximum allowable value of 5000 
µg/g as specified in TS 1010. In other words, the probability of risks associated with 
heaving/expansion of the recycled concrete aggregates (due to sulphate and deleterious 
material) to occur is low (840 µg/g is lower than the maximum limit of sulphate 
concentration of 3000 µg/g, based on Risk Assessment Methodology developed by Texas 
Department of Transportation). 

5. Recycled crushed aggregates materials (Gran A base and Granular B subbase) are available 
in large quantities at different yards/depots across the Greater Toronto Region with 
economic unit rates comparable and often cheaper to native granular materials. This 
conclusion is drawn in part after considering the distribution of the RCA crushers/yards 
across the GTA and surrounding region and the short travel distance from those yards to 
project sites compared with long travel distances from native aggregate pits and quarries.     

6. The existing Gran A RCA1010 produced within the Greater Toronto Region can achieve/pass 
all the required standard specifications for Gran A – Native of gradation, physical properties, 
sulphate concentration, and Soundness of Aggregate using Magnesium Sulphate 
mentioned in related OPSS1010, OPSS 1002, and TS1010 without any issues or concerns. 

7. As expected, crushed concrete has a high pH. Even after leachate testing the pH is still quite 
high. The high pH of this material is only an issue in very specific circumstances which are 
typically not applicable in roads construction or other right-of-way projects 

8. The sulphate testing EXP carried out is important to limit the possibility for contamination 
of the crushed concrete with waste drywall. Drywall is made up of gypsum which is calcium 
sulphate. The inclusion of sulphates in the waste concrete could cause expansion of the 
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road base material which could lead to heaving of the road surface. The testing that we 
carried out shows insignificant quantities of sulphate if any, was detected. 

9. Based on the laboratory test results all samples have met OPSS requirements. The produced 
crushed concrete, whether it includes any Supplementary Cementing Materials (SCMs) or 
admixtures will not affect the performance of the recycled crushed aggregate. 

10. Additional analytical testing found that the marginally detected concentrations of the 
selected metal, VOC or SVOC parameters analyzed in the RCA granular base effluent did not 
suggest the potential for sub-surface environmental impacts to result from the use of RCA 
Granular base materials.  

 
11. It is important that suppliers (industry producers) adhere to a QC Plan to ensure consistency 

of the RCA produced and that it meets OPSS1010 requirements. A full testing program 
should be conducted for all recycled crushed aggregates as per OPSS1010, including the 
Petrographic Analysis for fine and coarse aggregates and sulphate concentration. 
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7. Next Steps 

The key actions and next steps to accelerate the adoption and use of recycled concrete 
aggregates for road construction and other infrastructure projects as described in the following 
Section 7.1 through Section 7.5.  

7.1 Enhancing the Sustainability Objectives of Ontario Municipalities   

Advocacy for the use of reclaimed material will be important to wide-scale adoption. Details from 
case studies, like those presented in this report, prove that the reclaimed product gives quality 
results and withstands traffic, climate and other conditions expected on streets, roads and 
highways. Energy, greenhouse gas emissions and cost savings are positive metrics that can be 
attributed to the use of RCA.  

Carbon reduction goals must be set by municipalities for all aspects of their community, including 
infrastructure. Using reclaimed material for road and other projects can have a positive impact 
and allow for greater achievements lowering carbon targets.  

Sustainability objectives should be linked with all next steps presented in this section. Specifically, 
reporting on the energy and greenhouse gas emissions data from each of the processes will be 
important to continue to prove and validate the reductions from use of the reclaimed material: 

• Quality assurance and production certification for the RCA1010 from crusher yards 
must also be coupled with details on the emissions factors and energy consumption 
from the process. 

• In-situ testing of roads that have used natural virgin aggregate and those that have RCA 
should be complete and results compared, including lifecycle. 

• Training should include information on the environmental benefits and other attributes 
of using RCA1010.  

• Committees responsible for updating standards and outlining specifications for 
products used in roadway construction should be informed of the environmental 
benefits. Coupled with the quality assurance and other positive impacts from using 
RCA1010, standards and specifications must be updated to include reclaimed materials. 

• Incorporating financial and environmental objectives into municipal documents; 
adopting KPIs relating to the use of recycled crushed aggregates. 

7.2 Ensuring Quality Assurance for RCA at Crusher Yards 

To remove the risks associated with producing recycled crushed aggregates (RCA) and addressing 
any concerns around quality, the Toronto and Area Road Builders Association (TARBA) will work 
with the main industry suppliers across the Greater Toronto Region to ensure the involvement 
of qualified third-party consultants to perform the following tasks: 
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o Ensure adequate third-party verification exists to build confidence amongst 
government procurement and public works practitioners. This will help support for local 
governments with respect to sampling and testing of RCA materials to address any 
production capacity issues. 

o Foster greater quality assurance by having checks and balances upon supervision and 
sampling of the processed material by the client’s geotechnical consultant.  

o Develop a third-party certification process for RCA materials (i.e., for suppliers or at the 
facility level) focused on addressing quality and variability concerns which could be 
referenced by local governments and others in tender document.  

o Work with MTO and Ontario’s municipalities to establish quality standards for 
construction materials coming from secondary sources and provide a certification 
process to give certainty to buyers regarding the performance of the material. 

o Conduct the required on-site (at crusher years) review/audit by third party qualified 
consultants for the implemented QC Plans of the relevant industry producers and 
provide the required recommendations for any non-conformance and/or required 
improvement. 

o Establish a comprehensive RCA database for all infrastructure projects where RCA 
materials were used, including archiving all associated lab test results (before supplying 
the material to the project and during construction). This will include yearly site visits 
to the project to perform visual pavement condition surveys and take site photographs, 
with a yearly pavement performance update. 

o Study the possibility of increasing the RAP percentage in Recycled Crushed Aggregates 
up to 35 or 40 per cent (instead of current requirements of up to 30 per cent by 
conducting the required studies. 

7.3 Involving Third Party Consultants for In-Situ Testing of Selected Projects 

1. The Toronto and Area Road Builders Association (TARBA) will work with the main industry 
suppliers in the Greater Toronto region to ensure involving a qualified third-party consultant 
to offer non-destructive testing (e.g., FWD testing) and drilling for some selected 
roads/streets to verify the pavement performance and properties/quality of the material 
used in constructed roads where recycled crushed aggregate (RCA) materials were used as 
granular base and/or subbase layers. 
 

2. Continue to undertake lab and field work on various granular materials in different road 
layers, as well as resilience modulus for road performance as it relates to greater integration 
of RCA and RAP. This could start with a literature review and gap analysis, followed by 
targeted layer-by-layer analysis to understand performance and risks in various geographic 
regions/municipalities.  
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7.4 Promoting Training and Knowledge Sharing with Municipal Engineers 

The Toronto and Area Road Builders Association (TARBA) will: 

1. Encourage municipalities to publish and share on their websites the brief details of the 
projects where RCA materials had been used (e.g. project name and number, names of 
contractor and consultant, project limits, quantities, unit rates, and suppliers of the used 
recycled material).  

2. Invite the Municipal Engineers/Project Managers to attend workshops, visit crusher yards 
and certified laboratories where different types of recycled concrete materials are 
produced and tested, with the intent to bridge any gap and/or be familiar with using or 
specifying RCA in projects, or to address a previously negative experience that might keep 
people from wanting to use the product in the future. 

3. Work closely with Municipal Engineers/ Project Managers to establish new pavement 
management systems (PMS) and/or enhance existing pavement management systems at 
each road authority to ensure the availability of any required information related to the 
recycled concrete materials.    

4. Share the TARBA’s QC template plan with contractors and project developers which can be 
referenced in tenders for road construction projects.  

5. Continue to engage key stakeholders on the opportunities for maximizing the use of 
recycled aggregates for road construction in Ontario, including local and provincial 
governments (engineering and procurement), federal departments, contractors and road 
builders, recycled aggregate suppliers, relevant industry associations, the research 
community, and standards bodies. 

7.5 Updating Current Municipal Standard Specifications 

The Toronto and Area Road Builders Association (TARBA) will: 

1. Encourage Ontario municipalities to examine their policies and find ways to realize the 
benefits of greater use of recycled materials.   

2. Foster collaboration between the Ontario Ministry of Transportation (MTO) and Ontario 
municipalities to establish and approve a list of certified sources of recycled crushed 
aggregate (RCA) materials within Ontario and have them inspected on a regular basis, taking 
the burden off of local governments. This will also include studying how quality control and 
assurance procedures should be integrated within existing standards for road construction 
in order to enable greater use of recycled aggregates.   

3. Encourage Ontario’s Road authorities and municipalities to provide bonuses and/or awards 
to contractors that use recycled aggregate in place of primary aggregate and apply 
GreenRoads / GreenPave practices while assessing the new tenders. 

4. Work with roads authorities to develop/update standards that allow for the greater use of 
recycled aggregates in various layers of road construction and other applications, based on 
performance and outcomes (including addressing environmental risks, adjusting for local 
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conditions, etc.), rather than prescriptive specifications which can create issues with 
maximizing the use of recycled aggregate. 

5. Continue to research any measurable environmental risks from using recycled aggregates 
(particularly the impact of RAP in sub-base layers) in line with leachate concerns. This could 
include undertaking research to support geo-textile selection to better understand 
permeability of compacted asphalt and/or using RAP for an unbound layer as potential 
solutions to preventing contamination from getting into sub-grade and drainage.   

6. Undertake research efforts to collect better data on the demand for and supply / availability 
of recycled aggregate materials across Ontario at municipal and regional levels to better 
inform policy, infrastructure investments, and the business case for greater use of recycled 
crushed aggregates in road construction projects, including development engineering 
projects. 

7. Work closely with MTO and road authorities/municipalities to establish a consistent, 
harmonized approach across local governments and regions to avoid any challenges to the 
industry to invest in the infrastructure and provide consistent supply based on reliable 
demand for the recycled crushed aggregates.  
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9. About EXP Team  

Aswan Assadi is a registered professional engineer and Senior Pavement 

Engineer with more than 22 years of experience in the civil engineering 

industry, specializing in the construction and rehabilitation of Provincial 

and Municipal Roads, Airports, and Parking Lots. Aswan has spent his 

career focusing on pavement design of flexible, rigid, and composite 

pavements at various stages, including new construction, maintenance 

and rehabilitation. As an experienced professional engineer, Aswan has 

successfully completed more than 35 projects in pavement 

evaluation/assessment, investigation, and design for new construction and 

rehabilitation projects using different pavement design/analysis 

techniques/tools, including the Life Cycle Costing Analysis, FWD Testing 

and GPR Survey for different projects across Ontario.  

During his career, Aswan was also involved for several projects related to comprehensive assessment of 

roads and roads structures after considering the results of durability and structural analysis, risk 

assessment and value engineering, development and/or enhancement of different modules for asset 

management systems based on the clients requirements and practical adopted procedures, rehabilitation 

and maintenance projects for pavements, bridges, and tunnels.  Aswan has a passion for helping 

organizations to achieve their business strategic goals and objectives by maximizing the value from their 

assets and projects, with minimizing/eliminating the associated risks. 

Amy Pastor is the vice president of sustainability at EXP. As a 

licensed mechanical engineer, Amy specializes in sustainable 

designs, commissioning, energy studies, energy modeling, 

measurement and verification, and project management. 

Amy takes a holistic approach to sustainable design in 

buildings; assessing a building for its full spectrum of 

capabilities to meet the environmental requirements for 

today and the future. She has extensive experience in LEED-

related commissioning, an element requiring extensive 

knowledge in quality-based processing to determine the efficiency of a facility and all major systems and 

processes (planning, design, installation, operations and maintenance) to ensure the building is 

functioning efficiently. By specializing in commissioning, she identifies the most practical and effective 

opportunities for energy and cost savings, ensuring clients receive the highest return on their investment 

and occupants benefit from the inherent environmental benefit. Amy takes immense pride in building 

better, including lasting relationships with clients and quality, sustainable buildings, without surrendering 

the integrity of the design. She has personally worked on over 200 LEED Certified projects. 
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Peter Waisanen has over 45 years of experience in all aspects of 
construction including road building and design, sewer installation, 
concrete pavements and all other concrete construction. His expertise 
has been developed through extensive experience in both the public 
and private sector, including his role as the former Ontario Regional 
Manager of the Cement Association of Canada. As a voting member of 
the National Concrete Standard for over 20 years, Peter has dedicated 
his career to advancing concrete technologies with a keen interest in 
guiding industry practices towards environmental sustainability while 
maintaining product performance 
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Appendix A TARBA QC Plan and The Best Practices 

Guide for Recycling Aggregates   



 Project Name: Quality Control Plan 
        Date: October 27, 2022 
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QC Plan - Production of Recycled Crushed Aggregates 
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