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530 COLD RECYCLING TECHNOLOGY IN THE CITY OF HAMILTON 

ABSTRACT 

The use of cold recycling technologies for pavement rehabilitation or structural reinforcement is popular 
among many agencies in central and southwestern Ontario.  For suitable roadway candidates, use of cold 
recycled mixes yields environmental and economic benefits versus traditional surface rehabilitation or 
reconstruction techniques. The City of Hamilton has limited experience with incorporating recycled cold 
mix base courses in pavement structures. 

This paper discusses the design and construction components of the Highway 8 (Queenston Road) 
rehabilitation project.  The project was completed on a 5.3 km section of east-west arterial road in a 
heavily trafficked urban environment. Partial-depth and full-depth reclamation of the existing pavement 
structure were selected to construct a recycled cold mix base course. Stabilization of the reclaimed 
material was achieved by adding expanded (foamed) asphalt binder and overlaying it with 50 mm of hot 
mix surface course. 

The impacts of cold recycling technology on traffic, adjacent residents and businesses, and overall budget 
implications are discussed and compared with conventional rehabilitation strategies.  The City of 
Hamilton will continue to monitor the performance of the pavement to ensure that recycled cold mix base 
courses provide an acceptable rehabilitation strategy to deal with infrastructure renewal requirements in 
both an economical and sustainable fashion. 

RÉSUMÉ 

L'utilisation des technologies de recyclage à froid pour la réhabilitation ou un renforcement structurel de 
la chaussée est populaire parmi de nombreuses agences dans le centre et le sud-ouest de l'Ontario. Pour 
certaines chaussées, l’utilisation des mélanges recyclés à froid procure des avantages environnementaux et 
économiques par rapport aux techniques traditionnelles de réhabilitation ou de reconstruction de la 
surface. La Ville de Hamilton a une expérience limitée de l’utilisation des enrobés recyclés à froid comme 
couche de base à l’intérieur des structures de chaussées.  

Ce document traite de la conception et des composantes de construction du projet de réhabilitation de la 
Route 8 (Queenston Road). Le projet a été réalisé sur un tronçon de 5,3 km de l’artère est-ouest soumise à 
trafic urbain lourd. La couche de base a été construite en utilisant les granulats bitumineux récupérés 
(GBR) lors de la remise en état de la chaussée existante par planage (profondeur partielle) et de 
décohésionnement. Les GBR ont été stabilisés en y injectant un bitume mousse et ont été recouverts d’une 
couche de surface de 50mm d’enrobé à chaud. 

Les impacts de la technologie de recyclage à froid sur la circulation, les résidents et les entreprises 
adjacentes et les implications budgétaires globales sont discutés et comparés avec les stratégies de 
réhabilitation conventionnelles. La ville de Hamilton continuera de surveiller la performance de la 
chaussée afin de s'assurer que le recyclage à froid des GBR dans les couches de base constitue une 
stratégie de réhabilitation acceptable pour faire face aux exigences du renouvellement des infrastructures 
d'une manière à la fois économique et durable. 
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1.0 INTRODUCTION 

As a result of being an older and densely-populated Canadian municipality, the City of Hamilton (the 
City) has noticeably aging infrastructure in the late stages of its design life.  This is especially true for the 
roadway network.  Late stage pavements are often categorized into the poorest ride quality group as a 
result of detrimental forces emanating from fluctuating environmental conditions and increasingly heavy 
traffic loading.  Common to pavements in this category are the extensive presence of surface defects, 
structural deficiencies and complaints from area residents. 

A high percentage of the City’s roadway network is comprised of flexible pavement structures.  This leads 
to a natural attraction to implementing a robust in-situ recycling program as (in general) flexible 
pavements can be economically recycled in-situ [1].  To benefit from the known environmental and 
economic merits of in-situ cold recycling technologies, the City needed assurance that in-situ construction 
operations are effective in high density areas and do not pose negative affects to residents and businesses 
beyond that of normal rehabilitation strategies.   

Highway 8 (Queenston Road) in the former Municipality of Stoney Creek was selected as the roadway 
candidate to gain this experience and construct a cold recycled base layer using only in-situ roadway 
materials. 

 
2.0 PROJECT BACKGROUND 

2.1 Highway 8 (Queenston Road)  

Highway 8, a former Provincial Highway, is now an east-west arterial road in a heavily trafficked urban 
environment. The original proposed rehabilitation limits were from King Street to Fruitland Road. This is 
a 2.2 km section of mostly 5-lane urban arterial roadway. The ultimate proposed segment for rehabilitation 
was a 5.3 km section from Gray Road to Glover Road. Within the job limits, daily traffic ranged from 
10,000 to 14,000 Average Annual Daily Traffic (AADT) over both urban and rural cross section segments 
of roadway including a transition from 5 lanes to 2 lanes.  The adjacent land use included high and 
medium density residential, institutional and mixed commercial. Any rehabilitation strategy needed to 
address access and impact to businesses from a magnitude and duration viewpoint as well as costs and 
sustainability. 

2.2 Rehabilitation Feasibility Study 

Prior to determining the feasibility of rehabilitating the existing pavement using cold recycling 
technologies, the City commissioned a geotechnical report and pavement investigation report to be 
completed for this section of Highway 8.  In order to determine the structural requirements for 
rehabilitation as well as the feasibility of performing in-place recycling, the City also obtained Ground 
Penetrating Radar (GPR) data of the pavement structure and current traffic data. 

2.2.1 Pavement Investigation and Evaluation 

Twenty-six cores were taken at specified locations to assess the existing pavement structure.  The average 
structure encountered during the coring operations is shown in Table 1. 
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Table 1. Existing Pavement Structure 

Road Section Field Core Investigation 

Highway 8 (Queenston Road) – from Gray Road 
to Glover Road 

Avg. Existing HMA – 143mm 
Avg. Underlying Granular – 773mm 

 
Visual pavement condition surveys were conducted in accordance with MTO SP-022 Flexible Pavement 
Condition Rating Guidelines for Municipalities [2].  The findings are summarised in Table 2. 

Table 2. Existing Pavement Condition 

Road Section 
General 

Condition 

Pavement 
Condition 

Index 
(PCI) 

Ride Condition 
Rating  
(RCR) 

Notes 

Gray Road to 
East of 

Peachwood Ct. 
Approx. 2.2km 

Fair 67  6.5  

 Slight wheel track rutting 
 Severe single and multiple 

pavement edge cracking 
 Severe transverse cracking 
 Severe random extensive cracks  

East of 
Peachwood Ct. 
to Dewitt Road 
Approx. 0.5km 

Fair 68 7.2 

 Frequent moderate coarse 
aggregate loss 

 Extensive slight wheel track 
rutting 

 Extensive severe single 
centerline cracking 

 Moderate single and multiple 
transverse cracks 

 Extensive severe random cracks  

Dewitt Road to 
Glover Road 

Approx. 2.6km 
Fair to Poor 56 6.2 

 Slight aggregate loss 
 Extensive moderate wheel track 

rutting 
 Frequent moderate distortions 
 Extensive severe transverse 

cracks 
 Severe random cracks and 

distortion  

 
2.2.2 Borehole Investigation 

Eight boreholes were put down out at specified locations.  The borehole program revealed that the 
encountered pavement structure is generally overlying fill, shaley till, and weathered shale.  At each 
borehole, fill material was encountered beneath the road base.  The subsurface soil, rock and ground water 
conditions encountered in the boreholes are summarised in Table 3. 
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Table 3. Borehole Summary 

Fill Material 
Borehole 

Nos. 
Depth 

(m) 

SPT 
N-Value 
(Blows) 

Material Description 

Sand and Gravel 
Fill 

Beneath Existing 
Road Subbase 

1-5  
and 7 

0.9 – 1.2 

11 – 100 
per 0.3m 

 Sand and Gravel fill with traces 
of Clay and pieces of Slag  

 In-situ water content approx. 9 to 
29% 

Silty Clay Fill 
Beneath Existing 

Road Subbase 
6 and 8 1.1 – 1.2 

 Silty Clay fill with Gravel and 
pieces of Slag 

 In-situ water content approx. 9 to 
29% 

Shaley Fill with 
Silty Clay and 

Gravel 
Beneath Existing 

Road Subbase 

2, 4 and 8 1.8 – 3.4 
7 – 50  

per 0.3m 

 Shaley fill with silty clay and 
gravel below the sand and gravel 
fill 

 Borehole 3 was terminated in 
shaley fill at depth of 3.5m 

 In-situ water content approx. 10 
to 19% 

Shaley Till  
Beneath Existing 

Road Subbase 

1, 2, and 5-
7 

1.7 – 2.4 
36 – 100(+) 

per 0.3m 

 Severe random cracks and 
distortion 

 Borehole 8 was terminated in the 
shaley till upon practical auger 
refusal at 2.0m  

 In-situ moisture content 11 to 
14% 

Weathered Shale 
Beneath Existing 

Road Subbase 
1-7 n/a 

100(+) 
per 0.3m 

 In-situ water content approx. 5 to 
14% 

 
2.2.3 Traffic Data 

The section of Highway 8 between Gray Road and Glover Road consists of two roadway cross sections 
and three lane configurations. Gray Road to just east of the Dewitt Road intersection is in an urban 
environment and is 5 lanes in width.  East of Dewitt Road the road changes from 5 lanes to 3 lanes to 2 
lanes.  The urban or curbed roadway section ends just east of Dewitt Road and transitions to a rural 
section with paved shoulders.  The rural section continues approximately 2.0 km easterly to Glover Road.  
Traffic data for these respective sections is summarised in Table 4. 

Table 4. Traffic Data Summary 

Name Location AADT Truck Traffic (%) 
Calculated 15 Year 

ESALs 

Highway 8 – 5 lane 
Section 

Gray Rd. to Dewitt 
Rd. 

Total – 14,060 
Class 1-4: 13,737 
Class 5-15: 323 

~2.3% 1,454,226 

Highway 8 – 2 lane  
Section 

Dewitt Rd. to 
Glover Rd. 

Total – 10,677 
Class 1-4: 10,560 
Class 5-15: 117 

~1.1% 586,838 

Note: AADT is Average Annual Daily Traffic and ESAL is Equivalent Single Axle Load. 
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2.2.4 Pavement Structure Review 

Figure 1 graphically presents the existing asphalt depths from the twenty six cores and eight boreholes. 

 
 

Figure 1. Highway 8 – Existing Asphalt Depths from Core and Borehole (BH) Data 

Figure 2 presents the correlation of data from the coring investigation overlaid with the GPR layer profile 
for an eastbound section of Highway 8 between Green Road and Fruitland Road. 

2.3 Structural Pavement Design 

2.3.1 Design Methodology 

The recommendations proposed for the rehabilitation of Highway 8 were designed as per the MTO 
guidelines outlined in the ‘Pavement Design and Rehabilitation Manual (SDO-90-01)’ [3].  The traffic 
loadings represented by Equivalent Single Axle Loads (ESALs) were calculated cumulatively over a 15-
year design life as described in the Ontario Ministry of Transportation report ‘Procedures for Estimating 
Traffic Loads for Pavement Design’ [4].   

The pavement structural designs were determined in accordance with the 1993 AASHTO ‘Guide for the 
Design of Pavement Structures’ [5, 6] and calculated using AASHTOWare DARWin 3.0 Pavement 
Design and Analysis System software.  The existing and required design structural numbers anticipated 
for both the curbed and non-curbed sections of Highway 8 are shown in Table 5. 
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Figure 2. Highway 8 - Eastbound Ground Penetrating Radar (GPR) Layer Profile between Green 
Road and Fruitland Road with Core Data Overlay  

Table 5. Highway 8 - Design Pavement Structure for Curbed and Non-Curbed Sections 

Rehabilitation 
Section  

Calculated 15 
Year ESALs 

Structural Numbers (SN) 
Proposed Design Pavement 

Structure Existing 
(mm) 

Required 
(mm) 

Design 
(mm) 

Highway 8 
Curbed Section- 

Partial Depth 
Rehabilitation 

1,454,226 104 124 124 

50mm – New HMA  
90mm – Expanded Asphalt 
10mm – Existing HMA 
750mm – Granular Base 

Highway 8 
Non-Curbed 

Section- 
Full Depth 

Rehabilitation 

586,838 94 115 125 

50mm – New HMA 
125mm – Expanded Asphalt 
75mm – Pulverized Base 
690mm – Granular Base 

Note: ESAL is Equivalent Single Axle Load and HMA is Hot Mix Asphalt. 

2.3.2 Selecting to Rehabilitate with a Cold Recycled Base  

The traffic data indicated that a large volume of vehicles traverse this section of Highway 8 daily.  A 
rehabilitation strategy that deals with structural issues, long-term maintenance and performance, cost 
effectiveness and that allows reasonable management of the traffic was required.  It was noted that 
conventional road rehabilitation strategies would cause adjacent road sections to experience higher than 
normal traffic loading.  This could lead to an increased rate of pavement distress on the adjacent roads.  
The ability to maintain as many lanes of live traffic as possible during rehabilitation, while minimizing 
construction related traffic, led to the desire to pursue an in-place solution.  
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With the extent of deep cracking and the large numbers of previously repaired road cuts, the conventional 
strategy to address this type of pavement distress would have been full pavement removal.  It was felt that 
this strategy was unaffordable for the entire length required and would have resulted in “half-at-a-time” 
construction.  This would have also resulted in long periods of disrupted access to the businesses, 
apartment buildings, seniors residences and other occupants along the right of way.  A less intrusive 
rehabilitation strategy would have been partial depth milling and paving.  The milling and filling scenario 
would have generated a large amount of material to be removed and returned to the site.  A recycling 
rehabilitation strategy eliminates the inherent disposal and importing problems associated with 
conventional methods [7]. It would also mitigate issues with reflective cracking or “bottom up cracking” 
by rehabilitating the entire crack depth through the asphalt layer.  The advantage of stabilized in-place 
alternatives is the ability to deal with road distress issues for the medium to longer term, to minimize the 
construction related traffic, and effectively be able to address the adjacent land use access and business 
continuation issues.  Effective strategies must address triple bottom line issues related to cost, 
environment and social considerations.  

Stabilizing in-place material with expanded asphalt or emulsified asphalt binder yields a high void base 
course capable of withstanding repeated compressive and tensile stresses.  Recycled base layers behave 
like granular materials with retained inter-particle friction but with increased cohesion between the 
particles.  Recycled base layers are referred to as hybrids between granular and asphalt mixes whereby the 
flexible characteristics of hot mix asphalt are retained as part of the design.  Permanent deformation is the 
main mode of distress of these materials.  The asphalt cement is non-continuously dispersed in these 
materials and fatigue is therefore not a design consideration [1].  Due to the high void structure of these 
mixes, they are not meant to be surface courses and require a capping course to seal the surface and 
prevent water infiltration. 

2.3.3 Selecting the Cold Recycling Technology 

Expanded asphalt was selected for use as the cold recycling stabilizing agent because of its capability to 
effectively stabilize both full-depth (i.e., mixture of the total asphalt structure with a portion of the 
underlying granular structure) and partial-depth (i.e., portion of the asphalt pavement structure only) 
designs.  

Expanded asphalt material requires only a minimum amount of set time once optimum densification has 
been reached, while emulsion stabilization requires a greater amount of time for strength gain. For the 
asphalt emulsion to complete its function as a binder, the water phase must separate from the asphalt 
phase. This is referred to as “breaking” and requires moisture evaporation.  Emulsified asphalt mixes 
develop their mechanical properties once the water is evaporated and the asphalt emulsion particles 
coalesce and bond to their intended surfaces [8].  This will result in a delay in achieving the intended mix 
properties and could pose a concern in many high traffic areas.  This delay results in the material staying 
fluid for a longer period of time when compared to expanded asphalt mixes which gain majority of their 
strength by the compaction effort forcing moisture away from the aggregate surface and allowing asphalt 
cement to form “spot welds” within the aggregate / Reclaimed Asphalt Pavement (RAP) mixture. 

2.3.4 Cold Recycled Base – Partial Depth Option 

In urban roadway sections, the existing curbs limit construction options due to grade raise limitations.  
With urban infrastructure and growing traffic volumes, the ability to increase the pavement structure 
thickness to accommodate increased traffic is not possible.  Depending on the structural requirement, the 
selected strategy will dictate the method of construction.  The only possibility to increase the overall 
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capacity of the pavement is to either re-construct it, which is very costly and disruptive to traffic, or to 
strengthen the existing in-place materials to achieve an improved modulus.  The latter is very effective and 
allows the existing infrastructure to remain in place while the overall capacity of the pavement is 
increased. 

The partial depth in-place recycling option allows treatment of the majority of the deteriorated existing 
asphalt layer.  This improves the modulus of the layer and prevents reflective cracking by treating the full 
depth of the crack in the existing asphalt layer.  This provides similar pavement rehabilitation as full depth 
removal and replacement with hot mix asphalt.  However the partial depth recycling technique is much 
more cost effective and reduces traffic disruptions. 

The pavement design report for this project recommended in-place partial depth recycling for the 
rehabilitation of the main curbed section of Highway 8.  The partial depth rehabilitation of Highway 8 was 
to be in accordance with the OPSS 335 [9] standard requirements. This option required the existing hot 
mix asphalt pavement be pre-milled at a depth of 60 mm at the curb edge in order to accommodate 
bulking of the expanded asphalt and allow for the placement of new hot mix asphalt to match the existing 
curbs.  The top 90 mm of the remaining hot mix asphalt was then simultaneously milled, sized and 
processed by injecting expanded asphalt cement into the blend and placed using conventional paving 
equipment.  The expanded asphalt was then compacted to 96 percent of the target Bulk Relative Density 
(BRD) as established by onsite and laboratory testing.  Once the expanded asphalt stabilized base course 
for the main curbed section of Highway 8 was completed, one single lift of 50 mm Superpave™ (SP) 12.5 
FC1 was then placed.  The calculated Structural Number (SN) after the construction with the Recycle 
Design Option was 124 mm.  This satisfied the pavement design requirements. 

2.3.5 Cold Recycled Base – Full Depth Option 

In the non-urban or rural sections, existing driveways and crossing roads posed limitations on potential 
grade increases.  Although there were no curbs in place, the existing ditches and cross roads limited the 
construction options.  The conventional approach would be to sub-excavate and provide a thicker 
pavement structure to accommodate the traffic loading.  However this would result in disruptions to traffic 
flow and would demand extreme expenditure to facilitate. 

Furthermore, the intention of the reconstruction in this section was to incorporate 1.2m wide bike lanes on 
either side of this section of roadway.  The pavement design report recommended that an in-place 
recycling strategy be used to stabilize the entire roadway incorporating the shoulder material and forming 
a base for the new bike lanes.  This design strategy significantly increased the capacity of the pavement in 
this section while the overall grade raise was minimized. 

The full depth rehabilitation for this section of Highway 8 was carried out in accordance with the OPSS 
331 [10] standard requirements. This option required the full depth of the existing hot mix asphalt 
pavement and 1.2 m of the existing shoulder in each direction to be pulverized to a depth of 200 mm.  The 
top 125 mm of the pulverized material was then sized and processed by injecting expanded asphalt cement 
into the blend and placed down at the correct cross fall. The expanded asphalt mix was compacted to 97 
percent of the BRD as determined by the target density from the mix design. Once the expanded asphalt 
stabilized base course for the main curbed section of Highway 8 was completed, one single lift of 50 mm 
SP12.5 FC1 was then placed.  The calculated SN after the construction with the Recycle Design Option 
was 125mm.  This satisfied the pavement design requirements. 
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3.0 EXPANDED ASPHALT FUNDAMENTALS 

3.1 Using Expanded Asphalt as a Stabilizing Agent 

A suitable expanded asphalt stabilizing agent refers to a high-temperature (approximately 160 to 170°C) 
performance graded asphalt cement that is briefly brought into an expanded or ‘foamed’ state by 
circulating it into an expansion chamber in the presence of pressurized air and water.  This agent is 
injected out of an expansion chamber nozzle in a state of temporarily increased volume and lowered 
viscosity.  As bubbles from the foamed state collapse, expanded asphalt fragments are available to be 
mixed with in-place pavement materials at optimal mixing moisture. 

After being injected onto moist aggregate, the fragments of asphalt cement have an affinity to partially 
bond to the available free fines (materials <0.075 mm) in a full-depth mix blend to form an asphalt mastic.  
In a partial-depth mix blend fewer fines are required for effective stabilization treatment as the fragments 
of asphalt cement can also adhere directly to the aged residual asphalt cement from the RAP [1].  Asphalt 
mastic can be visually identified in the loose mix by looking for small dark droplets.  At optimum mix 
moisture, in-place aggregate and RAP particles are for the most part coated with a water membrane.  After 
compaction takes place, asphalt mastic droplets and aggregate particles are in close-fitting contact with 
each other but will not physically bond until most of the water membrane has evaporated or squeezed 
away from the aggregate surface.  Once this physical bond is fully formed, only partial damage will occur 
to these bonds when water is re-introduced into the mix [11]. 

 
4.0 MIX DESIGN 

4.1 Cold Recycling Technology – Mix Design Overview 

A typical in-place recycling project starts with a pavement structural investigation to classify the existing 
pavement materials.  The Contractor initiates a plan to carryout roadway test pits at a minimum of every 
500 m in alternating lanes.  This investigation also serves to provide the testing laboratory with in-place 
mix design materials.  After the materials are received by the testing laboratory, the material is visually 
reviewed and preliminary testing is conducted to determine how many mix designs are required based on 
the material consistency.  On large projects where it is not cost effective to meet the recommended sample 
frequency, the Contractor may use GPR to analyze the pavement structure. 

Following the pavement structural investigation, a pre-engineering assessment is required to determine if 
the initially chosen methodology works for the specific job.  The laboratory should also determine if 
materials with deleterious mix properties such as shale, sand, silt or clay will be incorporated at the 
recommended processing depth.  It is important to cross-check the design methodology with onsite job 
constraints such as the City’s desire to import material, raise the elevation of the structure, widen the 
existing road platform, pre-mill to allow for curb reveal or provide additional smoothness.  Lastly, it is 
imperative to address roadways with structural deficiencies.  This involves determining if there is an 
adequate amount of suitable existing materials to provide the required structural capacity for the designed 
pavement.  The pre-engineering assessment is the ideal stage to implement design modifications. 

The final step in this process is to complete a mix design according to the provincial or municipal 
specifications referenced in the contract.  Using the mix blend ratio that was finalized in the pre-
engineering assessment, a laboratory weigh card should be produced indicating the percentage of each 
design material being incorporated, the type and manufacturer of the emulsion or Performance Graded 
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Asphalt Cement (PGAC) binder selected, the quantity of design point application rates, the minimum 
testing requirements, and any special instructions that are relevant to simulate field conditions.  Some of 
the important parameters for a mix stabilized with emulsion will differ from a mix stabilized with 
expanded asphalt.  In an emulsion mix design, important parameters include total fluid content and proper 
emulsion selection for the parent design materials (anionic or cationic).  In an expanded asphalt mix 
design, important parameters include the expansion ratio and half-life properties of the PGAC in a foamed 
state of high volume and low viscosity.  Despite these technical differences, many of the 
volumetric/compaction properties and engineering/durability properties used in design selection are 
similar.  Options available to successfully achieve optimal mix properties include introducing corrective 
aggregates that correct the gradation or increase inter-particle friction or introducing additives to aid in 
particle bonding such as lime or cement at different application rates.  Asphalt cement modifiers or special 
asphalt cement selection are also alternatives. 

To select the optimal design rate, standard test procedures are used to assess every mix in terms of the 
combined aggregate gradation, BRD, air voids, tensile strength, stability, flow, and total asphalt cement 
content.  The goal is to use engineering judgment to design a stabilized base product that effectively 
optimizes mix properties to establish the amount of asphalt cement (foam or emulsion) required, to 
determine the need for corrective aggregate or active filler quantities that do not adversely compromise the 
mix, and to give an indication of the engineering properties and behaviour the designed mix will 
experience onsite [1].  

4.2 Cold In-Place Recycling – Curbed (West) Section 

The curbed section of roadway was selected as a candidate for a Cold In-Place Recycling with Expanded 
Asphalt Mix (CIREAM) design.  This mix design was completed in accordance with the specifications set 
forth by OPSS 335 [9].  To keep the laboratory mix representative of the field blend, the top 60 mm of the 
received asphalt cores were pre-milled and the next 90 mm were processed in a laboratory-scale 
pulverizer. 

The CIREAM mix design results are shown in Table 6. 

Table 6.  Highway 8 Mix Design Results - Cold In-Place Recycling with Expanded Asphalt Mix 
(CIREAM) West Curbed Section 

Job 
Information  

Expanded 
Asphalt 
Design 

Rate (%) 

Bulk 
Relative 
Density 
(kg/m³) 

Dry 
Tensile 

Strength 
(kPa) 

Wet 
Tensile 

Strength 
(kPa) 

Tensile 
Strength 

Ratio (%) 

PGAC 
Grade 

Mix Blend 
Proportions 

Pre-Mill 
Depth: 60mm 

 
Finished 

Depth: 90mm 

1.2 2049  312 279 89 58-28 
100% 

Existing 
Asphalt 

OPSS 335 
Specifications 

1.0 - 225 100 50 - - 

Note: OPSS is Ontario Provincial Standard Specification and PGAC is Performance Graded Asphalt Cement. 

Before this work commenced, the Recycling Contractor discovered that external City work was being 
undertaken within the west section job limits.  During production the recycling train would now encounter 
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a pavement area that included a 1.8 m wide trench which was previously excavated and backfilled with 
granular fill.  An additional mix design for the west section was completed to incorporate the granular fill 
and determine if this new mix blend would meet the minimum specifications set forth by OPSS 331 [10].  
The application rate of granular fill accounted for approximately 40 percent of the mix blend.  

The FDR mix design results are shown in Table 7. 

Table 7.  Highway 8 Mix Design Results – Full Depth Reclamation (FDR) West Curbed Section 

Job 
Information  

Expanded 
Asphalt 
Design 

Rate (%) 

Bulk 
Relative 
Density 
(kg/m³) 

Dry 
Tensile 

Strength 
(kPa) 

Wet 
Tensile 

Strength 
(kPa) 

Tensile 
Strength 

Ratio (%) 

PGAC 
Grade 

Mix Blend 
Proportions 

Pre-Mill 
Depth: 60mm 

 
Finished 

Depth: 90mm 

2.8 2094  351 308 88 58-28 

60% 
Existing 
Asphalt: 

40% 
Granular Fill 

OPSS 331 
Specifications 

2.8 - 225 100 50 - - 

Note: OPSS is Ontario Provincial Standard Specification and PGAC is Performance Graded Asphalt Cement. 

To ensure mix blend uniformity, the mix design remarked that the recommended expanded asphalt design 
rate may be adjusted with respect to the ratio of asphalt to granular present in the mix. 

4.3 Full Depth Reclamation – Non Curbed (East) Section 

The non-curbed section of roadway was selected as a candidate for a Full Depth Reclamation (FDR) with 
expanded asphalt stabilization mix design.  The City requested that the existing road platform in the east 
section be widened to a final mat width of 12.0 m.  To accommodate the widening, the mix design 
incorporated shoulder granular at an application rate of 38.5 percent of the total mix blend.  This mix 
design was completed in accordance with the specifications set forth by OPSS 331 [10]. 

The FDR mix design results are shown in Table 8. 

Table 8. Highway 8 Mix Design Results – Full Depth Reclamation (FDR) Non-Curbed East Section 

Job 
Information  

Expanded 
Asphalt 
Design 

Rate (%) 

Bulk 
Relative 
Density 
(kg/m³) 

Dry 
Tensile 

Strength 
(kPa) 

Wet 
Tensile 

Strength 
(kPa) 

Tensile 
Strength 

Ratio (%) 

PGAC 
Grade 

Mix Blend 
Proportions 

Pre-Mill 
Depth: 60mm 

 
Finished 

Depth: 90mm 

2.8 2224 502 294 59 58-28 

45% Existing 
Asphalt: 16.5% 

Underlying 
Granular: 

38.5% Shoulder 
Granular 

OPSS 331 
Specifications 

2.8 - 225 100 50 - - 

Note: OPSS is Ontario Provincial Standard Specification and PGAC is Performance Graded Asphalt Cement. 
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To ensure mix blend uniformity, the mix design remarked that the recommended expanded asphalt design 
rate may be adjusted with respect to the ratio of asphalt to granular present in the mix. Within the east 
section job limits, the Recycling Contractor would encounter areas both with and without a partially paved 
shoulder on the existing roadway. Therefore the ratio of asphalt to granular in the mix was subject to 
change during production. The Production Foreman was to monitor the consistency of the mat and adjust 
the design rate as required. 

 
5.0 COLD RECYCLED BASE CONSTRUCTION 

5.1 Site Preparation 

Prior to commencement of the cold in-place recycling, the existing manholes and catch basins and all 
valve boxes were lowered below the construction layer (i.e., 200 mm) to allow the recycling train to 
process in one continuous pass. 

5.2 Equipment and Processing with Urban Constraints 

The recycling train is presented in Figure 3. It is a moving plant where simultaneously the existing asphalt 
is milled to a precise depth and the millings are sized through an onboard crusher and screens.  The 
processed material is then mixed with foamed asphalt cement (expanded asphalt) and paved with a 
conventional paver utilizing a high density screed.  The material is compacted to optimal density by 
conventional breakdown roller and rubber tire roller.   

 
 

Figure 3. Expanded Asphalt Recycling Train on Highway 8– Asphalt Cement Tanker (Left); 
Cutting Drum/Conveyer (Center Left); Vibratory Screen Deck/Crusher/Weigh Scale/Pump and 

Pugmill (Center Right); Discharge to Paver (Right)  
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The ability to have a moving train style operation from start to finish provides the least amount of 
disruption to traffic and adjacent driveways.  This eliminates additional trucks from bringing material 
onsite and creating a traffic gridlock.  

5.3 Challenges 

Urban construction poses challenges with any construction project.  The longer length of a recycling train 
is definitely the most challenging feature.  This is because the flow of traffic is disrupted for a short time 
as production travels through intersections. 

5.4 Quality Control 

The onsite quality control services were provided by AME Materials Engineering.  This included 
retrieving in-situ samples of the loose mix for laboratory testing to monitor the properties against the job 
mix formula.  It also involved checking the mix compaction onsite using a nuclear moisture density gauge.   

If the in-situ samples tested at the laboratory are non-confirming, the quality control provider needs to 
troubleshoot the cause and either recommend design modifications or setup an additional testing program.  
Potential recommendations include, but are not limited to, modifying pulverizing or processing depths, 
changing the screen size, changing the speed of the milling drum, changing the direction of the cutting 
teeth (up-cut or down-cut), modifying the asphalt cement application rate, changing the total fluid content, 
adding active fillers, or importing materials.  Timely testing service and proactive consultation is 
imperative to make certain that the City will deem the construction acceptable. 

It is expected to have a measurable variance between quality control test results and the job mix formula.  
This is because the testing laboratory will produce variance in mix properties based on a number of 
external factors.  Some of these include laboratory simulation of pulverizing, foaming / mixing techniques 
and controlling the time of specimen manufacture, specimen curing temperature, external/internal 
specimen cooling times, saturated state draining times, breaking temperatures and water addition rates.   

As an example, the average of all seven (7) CIREAM quality control test results are compared to the job 
mix formula in Table 9. 

Table 9.  Highway 8 Quality Control (QC) Results - CIREAM (West) Curbed Section 

Mix Type 

Key Sieve Size 
Total AC 
Content 

(%) 

Bulk 
Relative 
Density 
(kg/m³) 

Dry 
Tensile 

Strength 
(kPa) 

Wet 
Tensile 

Strength 
(kPa) 

Tensile 
Strength 

Ratio 
(%) 

26.5
mm 

4.75
mm 

600 
µm 

75 
µm 

QC 
Results 

Avg. of 7 
Samples  

100.0 75.1 39.4 9.9 6.72 2024 300 206 69 

Job Mix 
Formula 

100.0 70.1 38.5 5.1 7.10 2049 312 279 89 

Difference  0.0 +5.0 +0.9 +4.8 -0.38 -25 -12 -73 -20 

Note:  AC is Asphalt Cement and CIREAM is Cold In-place Recycled Expanded Asphalt Mix. 
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6.0 ENVIRONMENTAL IMPACTS 

It is inevitable that all pavement networks need to be rehabilitated or reconstructed at some point in time 
in order to maintain serviceability.  In the past, options were limited and involved conventional 
construction approaches that utilized virgin or non-renewable resources.  As a result significant 
greenhouse gases were emitted.  With new developments in the industry, pavement recycling has become 
a widely adopted method of pavement rehabilitation utilized by many agencies.  

Pavement performance is a function of the ability to withstand the traffic loading exerted on the pavement.  
In pavement design, recycling with expanded asphalt as a replacement for one lift of conventional asphalt 
often improves the structural capacity of the pavement when compared to conventional pavement 
rehabilitation techniques. 

Aside from improving structural capacity and thus the life expectancy of the pavement, agencies today are 
more cautious about reducing their environmental foot print.  This involves reducing their need for non-
renewable or virgin resources.  Hot mix asphalt is very expensive to produce and construct when the 
resources used and the greenhouse gases emitted are considered.  Reducing the quantity and still providing 
the desired serviceability and life cycle to the pavement is key when balancing the use of this material.   

The recycling completed on Highway 8 reduced the requirement of hot mix asphalt for this project by 
approximately 50 percent.  An even greater impact can be measured when the reduced hot mix is 
combined with a CO2 emission reduction by producing and placing recycled expanded asphalt instead of 
conventional hot mix asphalt pavement. 

 
7.0 PERFORMANCE 

7.1 Visual 

The cold recycled layer resulting from partial depth recycling appears to resemble conventional base 
course hot mix whereas the full depth section incorporating granular base appears to more resemble a 
hybrid between granular base and asphalt base.   

Overall, once the two processes were topped with conventional hot mix asphalt, the surfaces are no longer 
any different and appear indistinguishable.  The project is visually similar to conventional construction 
utilizing a multi-lift asphalt pavement structure. 

7.2 Long Term Monitoring Program 

To date the performance of the project has been excellent. It is currently being monitored closely in 
comparison to conventional construction techniques on similar volume roads in the area. 

Figure 4 shows the Highway 8 pavement after placement of the surface mix.  
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Figure 4. Highway 8 Surface Mix– 50mm Single Lift of SP 12.5 FC1  

 
8.0 FINANCIAL COST COMPARISON 

8.1 Conventional Costs 

The initial construction cost is not the only cost in a triple bottom line assessment. Due to the Asset Class 
funding deficit that currently exists, and the overall low condition rating for the roads in Hamilton area, 
and for the purpose of this trial, financial cost would be major factor in rehabilitation method selection. 
Full reconstruction of the road would be the preferred option in order to optimize the long term 
performance demands of the road corridor. However this comes with a high asset replacement value of 
approximately $12.0M. This would include the full removal of the existing asphalt, base repairs, 
regarding, addition of new granular, curbs and repaving.  

The existing condition of the pavement was rated as fair to poor. A conventional 80 to 100 mm mill and 
resurface was also considered at an estimated cost of approximately $3.9M.  
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8.2 Cold Recycled Base Costs 

Cold recycling was estimated at approximately $3.4M. The Life Cycle Analysis (LCA) identified a cold 
in-place application to be the most cost effective strategy over a possible full reconstruction or an 80 mm 
mill and fill with 52 and 55 percent economic savings respectively over a 40-year period. 

Given the time delay and/or disruption to users, the financial impact and possible economic loss, and 
reduction in added life, the conventional rehabilitation was not considered to be an acceptable option.  The 
actual contract value was less than $2.8M, thereby resulting in a further savings.  The estimated cost 
comparison is summarised in Table 10. 

Table 10. Estimated Cost Comparison 

Option: 
Full 

Reconstruction 
80 mm Mill and 

Fill 
Cold In-Place 

(Budget ) 
Cold In-Place 

(Actual) 

Estimated Cost 
Per Lane 
Kilometre 

$563,380 $85,000 $159,624* $131,455* 

*Note:  The cost per lane kilometre includes milling of the top 60 mm and placement of 50 mm of new surface 
asphalt. 

 
8.3 Environmental Costs 

The use of recycled roadway materials in pavement construction assists in preserving the natural 
environment, reducing waste, and providing a cost effective material for the construction of roadways.  
The primary program objective is to encourage the use of recycled materials in the construction of 
roadways to the maximum economical and practical extent possible with equal or improved performance.  
That being said, the net savings between total asphalt removal and the cold recycling options is not having 
to move approximately 16,500 tonnes of materials off site and then back on to the site.  This is a reduction 
of over 3,000 truck trips.  This is a direct savings in the use of over 16,000 tonnes of virgin aggregate, 750 
tonnes of asphalt cement and the associated energy of production.  This is also a savings of over 4-6 
weeks in construction time and inconvenience.  To put this into context, the City of Hamilton places 
approximately 95,000 to 105,000 tonnes of new asphalt every year.  This amount represents 
approximately 10 percent of the annual tonnage placed under Capital Works and in turn represents a 
significant environmental benefit.  Landfill diversion has only increased the environmental benefits and 
has been reflected in the cost savings of cold recycling therefore creating a more cost effective and viable 
solution to meet the demands of increased service levels. 

 
9.0 SUMMARY 

The direct benefits of the cold in-place recycling are as follows: 

• Increased service life of an existing pavement at a fraction of the cost of a full reconstruction; 

• Decreased construction impacts to adjacent development, residential and commercial; and 

• Reduced use of virgin aggregates and increased recycling of existing materials. 
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10.0 CONCLUSIONS AND RECOMMENDATIONS 

To date the trial of cold in-place recycling on Highway 8 (Queenston Road) has been a success in regard 
to the implementation of the project. The resultant reduction in construction duration, impacts and overall 
costs has met or exceeded expectations. Informal poling of adjacent residents and commercial operators 
has indicated satisfaction with the process, impacts and general customer access during the construction 
period. Cost efficiencies are a factor of quantities and production capabilities (or restrictions). The 
relatively large quantities in this project resulted in lower prices and hence enhanced life cycle benefits. 

Good planning, applicable and available existing pavement combined with and sufficient pavement 
investigation and testing are necessary for successful long term pavement rehabilitation of this magnitude.  
The specifications and quality control allow control over the placement of the recycled base layer to 
ensure the in-situ strength of the mix meets the structural parameters required for the design. 
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